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A3STIUCT 

The r e a c t i o n between h y p o c h l o r o u s a c i d and 2-chloropropene was 

s t u d i e d . The p r o d u c t s were a n a l y s e d as c h l o r o a c e t o n e (85fj) and 2,3-

d i c h l o r o p r o p e n e il5fo). The absence o f any 2, 2 - d i c h l o r o p r o p a n o l , 

formed by n u c l e o p h i l i c a t t a c k o f wa t e r a t t h e t e r m i n a l carbon atom, 

i s d i s c u s s e d i n terms o f p o l a r i s a t i o n o f the molecule caused by 

e l e c t r o n - r e l e a s e f r o m t h e 2 - c h l o r o s u b s t i t u e n t . The f o r m a t i o n o f 

2 , 3 - d i c h l o r o p r o p e n e by p r o t o n - l o s s i n the carboniiim i o n fr o m C-3 

( r a t h e r t h a n o f 1 , 2 - d i c h l o r o p r o p e n e formed by l o s s f r o m C-l) i s 

e x p l a i n e d i n terms o f s t e r i c s t r a i n . 

The e f f e c t o f s i l v e r i o n s on the course o f the r e a c t i o n v/as a l s o 

s t u d i e d . A p r o d u c t a n a l y s i s r e v e a l e d no change i n the y i e l d o f 

c h l o r o a c e t o n e , n or any s i g n o f any un u s u a l p r o d u c t s . The k i n e t i c s 

were a l s o u n a f f e c t e d by t h e presence o f s i l v e r i o n s . T h i s b e h a v i o u r 

c o n t r a s t s w i t h t h a t o f 2 , 3 - d i c h l o r o p r o p e n e , where s i l v e r i o n s have 

been f o u n d t o cause a u t o c a t a l y t i c b e h a v i o u r , and t o be r e s p o n s i b l e 

f o r abnormal p r o d u c t s . The k i n e t i c s o f 2 - c h l o r o p r o p - 2 - e n - l - o l were 

s t u d i e d , and f o u n d t o show c h a r a c t e r i s t i c s midway between the o t h e r 

2 - c h l o r o compovinds. 



When r a d i o a c t i v e l y l a b e l l e d h y p o c h l o r o u s a c i d v/as used i n the 

a d d i t i o n r e a c t i o n , the c h l o r o a c e t o n e produced was fo u n d t o c o n t a i n 

l e s s t h a n t he f u l l a c t i v i t y , showing t h a t some c h l o r i n e exchange 

takes p l a c e . The e x t e n t o f the exchange was found t o be reduced by 

the presence o f i n c r e a s i n g c o n c e n t r a t i o n s o f s i l v e r i o n s . I n a 

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

and i o d i d e i o n s were added t o h y p o c h l o r o u s a c i d i n t h e presence o f 

s i l v e r i o n s . Exchange was f o u n d t o occur, t o an i n c r e a s i n g e x t e n t 

a l o n g t h e s e r i e s c h l o r i d e - bromide - i o d i d e , and t o a. d e c r e a s i n g 

e x t e n t w i t h i n c r e a s i n g s i l v e r i o n c o n c e n t r a t i o n . The r a t e o f ex

change between h y p o c h l o r o u s a c i d and s i l v e r c h l o r i d e v;as found t o 

be slow, o f t h e same o r d e r as t h a t betv/een c h l o r i d e i o n and s i l v e r 

c h l o r i d e . There was v e r y l i t t l e exchange between c h l o r i d e i o n and 

hypobromous a c i d . The 2 , 3 - d i c h l o r o p r o p e n e produced i n the r e a c t i o n 

between h y p o c h l o r o u s a c i d and 2-chloropropene was found t o be o f the 

same s p e c i f i c a c t i v i t y aS' t h e c h l o r o a c e t o n e , and t o be e x c l u s i v e l y 

3 - l a b e l l e d . The c o n c l u s i o n was reached t h a t t h e c h l o r i n e exchange 

i n t h e a d d i t i o n r e a c t i o n proceeded by an i n t e r - r a t h e r t h a n an 

i n t r a - m o l e c u l a r mechanism. The a d d i t i o n o f hypochlorous a c i d t o 

2-bromopropene r e s u l t e d i n t h e p r o d u c t i o n o f some broooacetone, as 

ex p e c t e d . 

The k i n e t i c s o f the a d d i t i o n o f i o d i n e i n aqueous s o l u t i o n t 6 

th e s e r i e s o f t e r m i n a l l y s u b s t i t u t e d 1 - alkenes CPI^ = CH(CH2)^Br 

were f o l l o w e d . A r a t e raaxiraum a t n = 3 appeared t o i n d i c a t e bromine 

p a r t i c i p a t i o n i n a 5-membered r i n g , a l t h o u g h c a l c u l a t i o n s based on 



t h e f a l l - o f f o f i n d u c t i v e e f f e c t w i t h t h e p r o g r e s s i v e removal o f the 

bromo s u b s t i t u e n t f r o m t h e r e a c t i o n c e n t r e showed the e f f e c t n o t t o 

be v e r y l a r g e . 
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CHAPTER 1 

INTRODUCTION 

A A d d i t i o n o f v a r i o u s halOi^^en s p e c i e s 

( a ) A d d i t i o n o f hydrogen h a l i d e s 

The a d d i t i o n o f hydrogen h a l i d e s t o o l e f i n s i s c o n s i d e r e d t o be 

i n i t i a t e d by a t t a c k o f a p r o t o n on the nore n e g a t i v e l y p o l a r i s a b l e 

end o f the C=C bond, w h i c h i n t u r n i s d e t e r m i n e d by the i n d u c t i v e , 

mesomeric o r h y p e r c o n j u g a t i v e e f f e c t s o f the s u b s t i t u e n t s i n the 

o l e f i n m o l e c u l e . T h i s i n i t i a l e l e c t r o p h i l i c a t t a c k i s f o l l o w e d by 

n u c l e o p h i l i c a t t a c k by the ha.lide i o n on the carbonium i o n i c c e n t r e 

t h u s formed. For example, t h e a d d i t i o n o f hydrogen c h l o r i d e t o 

3-methylpent-2-ene g i v e s e x c l u s i v e l y 3 - c h l o r o - 3 - m e t h y l p e n t a n e , s i n c e 

the d ouble bond i s p o l a r i s e d by the e l e c t r o n - r e p e l l i n g m e t h y l groups 

i n t h e sense sho\m: 

'H ̂  Yi- — /x̂-
CH^CHg ^^3^^^2 ^ ^"3^^2 

An a l t e r n a t i v e d e s c r i p t i o n o f the observed o r i e n t a t i o n i s 

t h a t t h e p r o t o n w i l l a t t a c h i t s e l f t o the o l e f i n m o l e c u l e i n 

- 1 -



such a way as t o f o r m t he more s t a b l e o f the p o s s i b l e carboniura 

i o n i c i n t e r m e d i a t e s . C a l c u l a t i o n s by Bodot and J u l l i e n ^ o f 

e l e c t r o n d e n s i t i e s a t each carbon atom i n an u n s y m m e t r i c a l l y 

s u b s t i t u t e d e t h y l e n e d e r i v a t i v e have shown t h a t a l t h o u g h i n 

some cases t h e carbon atom a t t a c k e d by t h e e l e c t r o p h i l e i s the 

more n e g a t i v e one, i n o t h e r s i t i s the more p o s i t i v e end t h a t 

i s a t t a c k e d . The same workers c a l c u l a t e d t he r e l a t i v e e n e r g i e s 

o f the two p o s s i b l e carbonitim i o n s and f i n d t h a t the one o f 

lo w e r energy corresponds t o t h e p r o d u c t a c t u a l l y formed. I n 

o t h e r words, t he o r i e n t a t i o n o f the i n i t i a l e l e c t r o p h i l i c a t t a c k 

i s such as t o produce t h e more s t a b l e carboniiam i o n . 

G e n e r a l l y , t e r t i a r y carbonium i o n s are more s t a b l e than 

secondary, w h i c h i n t u r n are more s t a b l e t h a n p r i m a r y carbonium 

i o n s . T h i s i s the b a s i s o f the Markovnikov r u l e , w h i c h s t a t e s 

t h a t i n t h e a d d i t i o n o f HX t o an o l e f i n , X becomes bound t o the 
2 

more h i g h l y s u b s t i t u t e d o f t h e carbon atoms. Apparent except

i o n s t o t h i s r u l e can be e x p l a i n e d i n terms o f t h e e l e c t r o n i c 

movements w i t h i n t h e m o l e c u l e . For example, a c r y l i c a c i d y i e l d s 

t h e s o - c a l l e d a n t i - M a r k o v n i k o v product,-"^ w h i l e a p r o p e r c o n s i d 

e r a t i o n o f t h e system shows the c a r b o x y l a t e group t o be e l e c t r o n -

w i t h d r a w i n g , and hence t h e p o l a r i s a t i o n o f the double bond w i l l 

be as shown; 

c — c n — C K ^ 

HO 



I t may be n o t e d here t h a t a 2-halo s u b s t i t u e n t i s f o t u i d 

t o p o l a r i s e t h e bond i n the scheme shown i n I ( b e l o w ) , presum

a b l y due t o the e x i s t e n c e o f c a n o n i c a l forms such as I I , where 

the c a r b o n - h a l o g e n bond has double bond c h a r a c t e r and the 

h a l o g e n atom t a k e s a p o s i t i v e charge: 

•pci 

I I 

A l t e r n a t i v e l y , the 2-halo s u b s t i t u e n t caji be t h o u g h t o f as 

c o n f e r r i n g an added s t a b i l i t y on t h e carbonium i o n , formed 

when t h e e l e c t r o p h i l e i s a t t a c h e d t o carbon 1, by a c o n t r i b u t i o n 

t o t h e s t r u c t u r e by the c a n o n i c a l f o r m I V . i . e . by 

\ ,C1 
^ c = c : ^ > / C — c : -^r 

E 

+ 
^ c i 

E 

I I I I V 

a d e l o c a l i s a t i o n o f t h e p o s i t i v e charge. Thus i n the a d d i t i o n 

-3-



o f hydrogen bromide t o 2-halopropenes, 2-bromopropene y i e l d s 

2,2-dlbromopropane and 2-chloropropene y i e l d s 2-bromo-2-

c h l o r o p r o p a n e . 

CH, 

Br. 

C = C H , > CH^CBrCH^ 

Br 
Sr-

CH^CBrCH^ 

T h i s b e h a v i o u r i s s i m i l a r t o the e f f e c t o f a c h l o r o s u b s t i t u e n t 

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

u t i o n . Thus t h e p a r t i a l r a t e f a c t o r s ( i . e . t h e r a t e o f sub

s t i t u t i o n compared t o t h a t i n benzene) f o r the £- aJid 
5a 

p o s i t i o n s i n chlorobenzene are as f o l l o w s : 

CI 

0.03 

0 

0.03 

0 

0.139 

Note, however, t h a t w h i l e t h e c h l o r o - s u b s t i t u e n t d i r e c t s 

e l e c t r o n s i n t o t h e ô - and p o s i t i o n s , t h e o v e r a l l e f f e c t i s 

one o f d e a c t i v a t i o n . 

A l s o , t h e CH^Cl- group i s f o u n d t o p o l a r i s e a double bond 

i n t h e same sense as does a s i n g l e c h o r i n e atom. Thus v a r i o u s 

-k-



a l l y l h a l i d e s , e.g. a l l y l c h l o r i d e , ^ 2 - m e t h y l - 3 - c h l o r o p r o p e n e ^ 

a l l g i v e "Markovnikov p r o d u c t s " w i t h HCl, showing t h a t h y per-

c o n j u g a t i v e e l e c t r o n r e l e a s e by the hydrogen atoms o f the 

-CH^Cl group supervenes over the i n d u c t i v e e f f e c t o f the 

c h l o r i n e atom, p o l a r i s i n g the double bond i n the sense shown: 

Cl^p-CH A:H^ ""̂  > CH^Cl - CH - CH^ ^ CH^Cl - ^H - CH^ 

The CH^Cl- gr o u p , however, has the e f f e c t o f d e a c t i v a t i n g 

t h e m o l e c u l e towards e l e c t r o p h i l i c a t t a c k . Thus b r o m i n a t i o n 

o f e t h y l e n e i n methanol t a k e s p l a c e some ik times f a s t e r t h a n 
9 10 

b r o m i n a t i o n o f a l l y l c h l o r i d e under the same c o n d i t i o n s . ' ' 
The CH^Cl- group a l s o i s £-2,- d i r e c t i n g i n e l e c t r o p h i l i c 

a r o m a t i c s u b s t i t u t i o n . The p a r t i a l r a t e f a c t o r s are as f o l l o w s : 

0.2 ^'''^^ 0-2-

0.95 

5b 

However, c o n s i d e r a t i o n o f these f i g u r e s shows the CH^Cl- group 

t o be n e i t h e r so d e a c t i v a t i n g n o r so e x c l u s i v e l y o-£- d i r e c t i n g 

- 5 -



as the C l - s u b s t i t u e n t . 

The stepwise nature of the a d d i t i o n r e a c t i o n s i s w e l l -

e s t a b l i s h e d , s i n c e rearrangement may accompany the r e a c t i o n , 

under c o n d i t i o n s where n e i t h e r the adduct nor the o l e f i n could 

rearrange. Thus, the a d d i t i o n of hydrogen c h l o r i d e to 3-

methylbutene y i e l d s 2-chloro-2-methyl butane as w e l l as the 

expected 2-chloro-3-methylbutane. The rearrangement to give 

the t e r t i a r y c h l o r i d e presumably r e s u l t s from the migration of 

a proton i n the intermediate carbonium-ion, as shown below. 

Me„CH-CH-CH„ > Me^CH-?H-( Me^CH-CH = CH^ —Me^CH-CH-CH^ > Me^CH-CH-CH^ 

Me^^-CHg-CH^ — ^ Me^^-CH^-CH^ 

A s i m i l a r example i s the production of both 2-iodo-2,3-dimethyl-

butane and 2-iddo-3,3-dimethylbutane from the dddition of 
12 

hydrogen i o d i d e to 3»3-dimethylbutene. The former product i s 

hel d to r e s u l t from a rearrangement of the i n i t i a l l y produced 

secondary carbonium i on i n t o the more s t a b l e t e r t i a r y carbonium 

ion , as shown: 
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H+ 4- I ' I 
Me^C-CH = CHg » Me^C-CH-CH^ ^ Me^C-CH-CH, 

Me^C-CH-CH^ >• Me^C-CHlMe^CH^ 

Me 

The a d d i t i o n of hydrogen h a l i d e s to double bonds i s not 

conv e n i e n t l y s t u d i e d i n hArdroxylic s o l v e n t s , s i n c e hydrogen 

h a l i d e s are l a r g e l y d i s s o c i a t e d i n such media, and a c i d - c a t a l y s e d 

h y d r a t i o n ( o r a l c o h o l a t i o n , e t c ) of the o l e f i n s w i l l compete 

wi t h and p o s s i b l y overshadow the d e s i r e d a d d i t i o n . The k i n e t i c s 

of such r e a c t i o n s i n n o n - i o r i i s i n g s o l v e n t s are r a t h e r complex. 

For i n s t a n c e , the a d d i t i o n of hydrogen c h l o r i d e to isobutene and 

tha t of hydrogen bromide to propene (both i n pentane) have been 

observed to be f i r s t order i n o l e f i n and of i n d e f i n i t e order 
1T 

(about t h r e e ) i n hydrogen h a l i d e s . T h i s seems to i n d i c a t e that 

b e s i d e s the HX molecule a c t u a l l y i n v o l v e d i n the ad d i t i o n , two or 

more e x t r a molecules of HX c l u s t e r around the a c t i v a t e d complex 

f o r the slow step. Thus the p o l a r i t y of the medium i n the immed

i a t e v i c i n i t y of the r e a c t i o n s i t e would be in c r e a s e d , f a c i l i t a t 

i n g h e t e r o l y s i s of the a t t a c k i n g HX molecule. The e x t r a molecules 

may even d i r e c t l y a t t a c k the halogen atom i n the a t t a c k i n g mole

c u l e , thus f u r t h e r a s s i s t i n g h e t e r o l y s i s , as shown below; 
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;c = c' f a s t ^ \, + 3HX <'""'̂ > ;c 
H 

X 
I I X - I +/ -C -C-«^ -C -C^ <-, \ 

f a s t H 

X 
/ ^ 

/ » 

XH HX 

slow? 

4 C + X 

HX 

HX 

The a d d i t i o n of hydrogen c h l o r i d e to isobutene i n nitromethane, 

however, has been found to be f i r s t order i n o l e f i n and second order 
Ik 

i n hydrogen c h l o r i d e . The f o l l o w i n g mechanism i s proposed, i n 

which the r a t e determining step i n v o l v e s a t t a c k of HCl^" ions (whic.'i. 

are s t a b l e i n ndtromethane"^^) on the carbonium ion formed by i n i t i a l 

a t t a c k of a proton. 

Me^C CH^ + H+ Me^C+ 

Me^C + HCl, •> Me^CCl + HCl 
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(b) A d d i t i o n of halogens"^^ 

The a d d i t i o n of halogens to o l e f i n s i s considered to be 

i n i t i a t e d by e l e c t r o p h i l i c halogen a t t a c k at the more n e g a t i v e l y 

p o l a r i s a b l e of the unsaturated carbon atoms, followed by nucleo-

p h i l i c h a l i d e i o n a t t a c k at the carbonium i o n i c c e n t r e . 

The e l e c t r o p h i l i c nature of the ad d i t i o n s i s evident from 

the f a c t t h a t r e a c t i o n i s f a c i l i t a t e d by e l e c t r o n - r e l e a s e to the 

r e a c t i o n c e n t r e and ret a r d e d by electron-withdrawal. Some data 
17-2^ 

are presented i n the f o l l o w i n g t a b l e s . 

Thus, the r a t e of halogen a d d i t i o n to CH^ = CHR i s i n c r e a s e d 

where R = phenyl or a l l y l and decreased when R = CH^Cl, CH^CN, 

e t c . , as sho^m i n Table l."'"^Also, i t w i l l be noted that i n the 

s e r i e s RCH = CHCO^H, two methyl groups are sup e r i o r to a phenyl 

group i n promoting r e a c t i v i t y , while the l a t t e r i s superior to a 

s i n g l e methyl group. 

Table 1 

R e l a t i v e Rates* of Addition Reactions i n A c e t i c Acid at 24°C. 

Compound C l ^ a d d i t i o n B r ^ a d d i t i o n 

CH„ = CH, 
"2 

8k 

C^H^CH = CH^ 2,000 

PhCH = CH^ 11'000 

CH^ = CHCHgCl 1-^ 

CH^ = CHCH^Br 1*° 
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CH^ = CHCHgCN 0.23 

CH^ = C H C C H ^ C I ) ^ 0.019 

CHg = CHCHCl^ 0.60 

CH^ = CHBr 0.28 0,0011 

CHg = CHCCl^ 0.006 

CHg = CHCO^H 0.018 

c i s HO^C.CH = CHCOgH 0.00011 

tr a n s Me., CH = CHCO^H 0.62 

tr a n s Ph.CH = CHCO^H 4.9 

Me^c\ = CHCO^H 51 

* kg ( l i t r e mole"''" min'"^) 

The marked i n c r e a s e i n r a t e due to a methyl group, whether 

i t i s at t a c h e d d i r e c t l y to the double bond or through a conjiigated 

system i s evident from Table 2. Electron-withdrawing groups 

erreatly decrease the r a t e ; f o r example the i n t r o d u c t i o n of a £-

n i t r o group i n t o cinnaraic a c i d reduces the r a t e by a f a c t o r of 

1000. 

Table 2 

Values of k^ f o r Gig a d d i t i o n 

R = p-Me H p-Cl m-NOg p-NOg 

R.CgH^.CH = CHCOPh 800 61 23 0.23 

R.CgH^.GH = CHCOgH 103 2|.9 - 0.011 0.0049 
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Table 3 shows electron-withdrawing groups arranged i n order 

of e f f e c t i v e n e s s i n reducing r e a c t i v i t y : 

Table 3 

Values of k^ f o r 01^ a d d i t i o n to PhXH = CHR. 

R kg R kg 

H ve r y r ^ i d * CHO 1.8 

COPh 61 CN 0.022 

CO^Et 10 NOg 0.020 

COgH 4.9 ^OgCl 0.001 

* By analogy with the r a t e of bromination, 
7 

probably'^lO. 

That the a d d i t i o n i s a two-step process, the f i r s t step 

being e l e c t r o p h i l i c a d d i t i o n to y i e l d a carbonium ion, i s demon

s t r a t e d by c a r r y i n g out the bromination of ethylene i n the pre s -
25 

ence of sodium c h l o r i d e or sodium n i t r a t e . I n a d d i t i o n to the 

expected dibromoethane, a broraochloride or a broraonitrate i s 

produced: 
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CH^BrCH^Br 

CH^BrCHgCl 

Br^ + CHg = CHg > Br + BrCH^^H^ ̂ ''"'^ > CH^BrCH^ONO^ 

^2°^CH2BrCH20H2'^ 

Since d i r e c t s u b s t i t u t i o n by n i t r a t e ion, e t c . on dibromoethane, 

and a l s o r e a c t i o n v i a the B r C l or BrONO^ sp e c i e s can be r u l e d 

out, the c l e a r i n f e r e n c e i s that the r e a c t i o n proceeds v i a a 

carbonium i o n i c i n t e r m e d i a t e . 

F u r t h e r , the bromination of s t i l b e n e i n methanol y i e l d s 
26 

s t i l b e n e methoxybromide as w e l l as s t i l b e n e dibromide. Again, 

d i r e c t a d d i t i o n by methyl hypobromite i s r u l e d out, s i n c e the 

r a t e of r e a c t i o n i s found to be independent of the a c i d i t y , 

while the e q u i l i b r i u m shown below would be dependent on the hydro

gen i o n c o n c e n t r a t i o n . 

Br^ + MeOH ^ * MeOBr + H+ + Br' 

The k i n e t i c s of halogen a d d i t i o n to xinsaturated l i n k a g e s i n 

non-polar s o l v e n t s i s extremely complicated, the add i t i o n s being 

c a t a l y s e d by l i g h t , s m a l l q u a n t i t i e s of po l a r substances, or 

g l a s s s u r f a c e s . 

I n h y d r o x y l i c s o l v e n t s , however, the k i n e t i c p i c t u r e i s 

much s i m p l e r , and most of the information known a t present i s 

based on s t u d i e s i n such s o l v e n t s , p a r t i c u l a r l y water and a l c o h o l . 
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halogen. 
The r e a c t i o n s are found to be f i r s t order i n both o l e f i n and 

27 

e.g. - d ( C l 2 ) 
= k ( o l e f i n ) ( C l _ ) 

d t -c <c 

Th i s k i n e t i c form est^^blishes that the t r a n s i t i o n s t a t e f o r the 

rate - d e t e r m i n i n g step c o n t a i n s the o l e f i n axid the e l e c t r o p h i l e . 

I t has been sho\m th a t added c h l o r i d e ion, added hydrogen c h l o r i d e , 

arid added sodium a c e t a t e a f f e c t the r a t e of a d d i t i o n only s l i g h t l y 
18 21 

and through a \ s a l t e f f e c t . ' So i t i s most u n l i k e l y that 

e i t h e r C I * , ClOAcH*, or ClOAc i s the true e l e c t r o p h i l e , s i n c e the 

fo l l o w i n g e q u i l i b r i a would be powerfully a f f e c t e d by the presence 

of hydrogen c h l o r i d e or sodium a c e t a t e ; 

Clg + HOAc ̂ = ± ClOAc + HCl 

Clg + HOAc < * ClOAcH"^ + C l ' 

Clg < e i * + C l " 

I t seems probable t h e r e f o r e that the t r a n s i t i o n s t a t e r e l e v a n t to 

the r a t e - d e t e r m i n i n g stage of the r e a c t i o n contains both the 

e l e c t r o p h i l i c and the n u c l e o p h i l i c fragment of the a t t a c k i n g halo-
28 

gen. As f o r aromatic s u b s t i t u t i o n , t h e r e f o r e , i t i s reasonable 

to d e s c r i b e the r e a c t i o n path as f o l l o w s : 
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:c = + C l , —^> - -^^") /'C—C--^products 

C l " CI 

The e f f e c t of change i n s o l v e n t on the r a t e of r e a c t i o n i s 

c o n s i s t e n t w i t h t h i s view of the r e a c t i o n path, and can be i n t e r 

p r e ted i n terms of the Hughes-Ingold theory of solvent a c t i o n . 

I n t h i s theory, the i n i t i a l and t r a n s i t i o n stages are considered 

d i f f e r e n t i a l l y . I n a r e a c t i o n , such as t h i s one, i n which i n i t i a 

l l y n e u t r a l or s l i g h t l y d i p o l a r molecules form a t r a n s i t i o n s t a t e 

i n v o l v i n g much development of charge, the r a t e of ifaction must be 

g r e a t l y f a c i l i t a t e d by i n c r e a s i n g the i o n i s i n g power of the mediiam. 

So c h l o r i n a t i o n i n non-polar s o l v e n t s i s l e s s r a p i d than i n a c e t i c 

a c i d , and a d d i t i o n of water to a c e t i c a c i d markedly i n c r e a s e s the 
^ . . 1 8 r a t e of r e a c t i o n . 

Added e l e c t r o l y t e s a l s o f a c i l i t a t e a d d i t i o n i n a c e t i c a c i d , 
18 

u s u a l l y by v i r t u e of a primary s a l t e f f e c t . The r e s u l t s suggest, 

however, that c h l o r i d e ions have a l s o a s p e c i a l e f f e c t i n these 

r e a c t i o n s , i n t r o d u c i n g a new k i n e t i c form: ' 

- d ( C l p ) 
^ = ( o l e f i n ) ( C l ) ( C I " ) 

dt 

A s i m i l a r form seems e s t a b l i s h e d a l s o f o r bromine ad d i t i o n , 

though the f u n c t i o n of the h a l i d e i o n i s not knotfa. 
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For a d d i t i o n s of Br^, I g and the interhalogens B r C l , I B r and 

I C l i n p o o r l y i o n i s i n g s o l v e n t s such as a c e t i c a c i d and nitrobenzene 

another term, second order i n halogen, must be included i n the r a t e 

equation, and becomes predominant at moderate halogen c o n c e n t r a t i o n ^ } 

-<i(X„) P 
— = k ( o l e f i n ) (X.) + k_ ( o l e f i n ) ( X . ) ^ 

dt i 

The second term could be i n t e r p r e t e d i n the same way as f o r a d d i t i o n 

of HX i n non-polar s o l v e n t s . I n poorly i o n i s i n g media, the f o r 

mation of the presumed halogenonium-ion intermediate, r e q u i r i n g 

charge s e p a r a t i o n i s d i f f i c u l t , but i s aided by a second molecule 

of halogen which h e l p s to d i s p e r s e the negative charge by formation 

of the l a r g e t r i h a l i d e , X̂ ~ . 

^ f a s t V ^2 
C = C^ + X_ c ~ ^C 4 C ^ > C = C + X " 

equilibriiam X slow \ + / 

X X 

f a s t 

-C -

-C-X 
I 

I n keeping with t h i s suggestion, no t h i r d order term has been 

found f o r the a d d i t i o n s of c h l o r i n e , virhich forms the C l ^ ~ ion only 
32 

w i t h extreme d i f f i c u l t y . - ^ 
The i n d i v i d u a l r a t e constants f o r a t t a c k by the bromine 
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molecule and the tribromide anion Br^~ can e a s i l y be obtained from 

the v a r i a t i o n of the observed composite r a t e constant with the con-
33 

c e n t r a t i o n of added bromide i o n . 
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( c ) A d d i t i o n of hypohalous a c i d s 

I n c o n s i d e r i n g the a d d i t i o n of a hypohalous a c i d HOX to an 

ixnsaturated l i n k a g e , the HOX i s thought to be p o l a r i s e d i n the 

sense: 

S+ S-

X OH 

The evidence f o r t h i s comes from a study of the products of ad d i t i o n 

of hypohalous a c i d s to v a r i o u s o l e f i n s . T^us, the r e a c t i o n of pro-

pene with hypochlorous a c i d y i e l d s l-chloropropan-2-ol as the main 

product. ̂ '̂  

CH^-CH = CHg f CH^CH(0H)CH2C1 

Comparing t h i s with the a d d i t i o n of hydrogen c h l o r i d e to the seime 

compotmd * 

CH^CH = CHg * CH^CHCICH^ 

the halogen atom of ClOH i s seen to a t t a c k the same carbon atom 

as does the proton of hydrogen c h l o r i d e and i s therefore the 

e l e c t r o p h i l i c moiety of the molecule. 

R e a c t i o n i s considered to proceed i n two stages, as i n the 

-17-



other e l e c t r o p h i l i c a d d i t i o n s so f a r s t u d i e d . The f i r s t stage i n 

v o l v e s e l e c t r o p h i l i c halogen a t t a c k to form a carbonium ion, the 

second, n u c l e o p h i l i c a t t a c k by water on t h i s carbonium ion, to give 

a c h l o r o h y d r i n . 

= + X* ^^C-t^ ^ 2 ^ ^ ^CX - COH 

X -H+ 

Unsymmetrical o l e f i n s often y i e l d a mixture of both p o s s i b l e 

i s o m e r i c products. For example, a l l y l c h l o r i d e y i e l d s 70^ 2,3-

dichloropropainol and 30^ 1, 3 - d i c h l o r o p r o p a n - 2 - o l . ' 

CHg = CHCH^Cl — > CHgClCH.CH^Cl * Ĥ O CH2C1CH(OH)CH^Cl 

CHgOHCHClCHgCl 

I t has been e s t a b l i s h e d that the r a t i o of isomeric chlorohydrins i s 
34 35 

l i t t l e a f f e c t e d by the nature of the halogenatihg s p e c i e s . ' 

That i s to say, c h l o r i n a t i o n under conditions where the a c t i v e 

s p e c i e s i s presumed to be C 1 + or H 2 O C I + , y i e l d s the same r a t i o of 

products as c h l o r i n a t i o n by C l ^ or Cl^O. 

The products of a d d i t i o n of hypochlorous a c i d to some o l e f i n s 

are given i n Table 4. 
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Table 4 

O l e f i n c>(.-Chlorohydrin ^-Chlorohydrin Ref 

(1) (CH^)2C(0H)CH2C1 lOOfo (CH^ ) ̂ CCICH^OH 0% 36 

(2) CH^CH=CH2 CH^CH(0H)CH2C1 95^ CH^CHClCHgOH 5% 36 

(3) C2H^CH=CH2 C^H^CH(0H)CH_C1 85^ CgH^CHClCHgOH 15% 36 

(4) CH20HCH=CH2 CH20HCH(0H)CH2C1 75.^ CHgClCHClCH^OH 25% 34,37 

(5) CH2C1CH=CH2 CH2C1CH(0H)CH2C1 30^ CH^CICHCICH^OH 70% 34,35 

(6) CH2BrCH=CH2 CH2BrCH(0H)CH2Cl 32% CHgBrCHClCHgOH 40% 38a 

(7) CH2ClCMe=CH2 CH2ClCMe(0H)CH2Cl 8k% CHgClCMeClCH^OH 6% 39 

(8) CH^ClCClirCHg CHgClCOCHgCl 97% CH^ClCClgCH^OH 3% 40 

R e a c t i o n s ( l ) - (4) appear to accord with the i d e a of i n i t i a l 

a t t a c k by p o s i t i v e c h l o r i n e a t the term i n a l carbon, which i s nega

t i v e l y p o l a r i s a b l e due to e l e c t r o n - r e p u l s i o n by the s u b s t i t u t e d 

methyl groups. The decrease i n the proportion of t e r m i n a l l y halo-

genated isomer i n the product on going from ( l ) to ( 4 ) , and the 

corresponding i n c r e a s e i n 2-chloro isomer, i s explained by the de

cr e a s e of e l e c t r o n - r e l e a s i n g c a p a c i t y of the s u b s t i t u t e d groups. 

The e l e c t r o n - r e l e a s i n g a b i l i t y of these groups i s i n the fo l l o w i n g 

order: 

CH, 

CH, 

CH, S«5 CH^OH 

^c= > ' V > ^c= > \ 0= 
H H' H 
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The preponderance of 2-chloro over 1-chloro isomer i n r e a c t i o n s 

(5) and ( 6 ) , however, appears a t f i r s t s i g h t to be anomalous, s i n c e 

the CHgCl group i s a l s o regarded as e l e c t r o n - r e l e a s i n g as d i s c u s s e d 

i n hydrogen h a l i d e a d d i t i o n s e a r l i e r . The i n t e r p r e t a t i o n of t h i s 

behaviour w i l l be d i s c u s s e d l a t e r . B r i e f l y , the incoming halogen 

i s thought to i n t e r a c t with the carbonium i o n i c centre, g i v i n g an 

intermediate such as shown below. Subsequent n u c l e o p h i l i c attack 

on such an intermediate would occur, by analogy with ring-cleavage 

of epoxides, p r i n c i p a l l y at the t e r m i n a l carbon atom; 

^C = C + x + — ^ C - C 

,CX - C(OH) 

\ 
X ' C(OH)-CX 

\ 

R e a c t i o n (7) i n d i c a t e s that the e l e c t r o n - r e l e a s e of the methyl 

group i n |3-methyl a l l y l c h l o r i d e so s t r o n g l y r e i n f o r c e s the p o l a r 

i s a t i o n of the double bond that the o r i e n t a t i o n of a d d i t i o n i s 

completely r e v e r s e d compared with a l l y l c h l o r i d e , the "normal" 

(Markovnikov) a d d i t i o n product completely predominating. 

The i n c l u s i o n of a^-chloro s u b s t i t u e n t has l i k e w i s e the e f f e c t 

of s t r o n g l y p o l a r i s i n g the double bond so that the p o s i t i v e halogen 

s p e c i e s becomes very f i r m l y attached to C-1, with correspondingly 

l e s s i n t e r a c t i o n m t h the carbonium i o n i c centre, and hence l i t t l e 

p r oduction of 2 , 2 , 3 - t r i c h l o r o p r o p a n o l from 2,3-dichloropropene ( 8 ) . 

I n a product a n a l y s i s of the r e a c t i o n between ClOH and a l l y l 

-20-



C l , de l a Mare and P r i t c h a r d i s o l a t e d and 
41 

c h l o r i d e l a b e l l e d w ith 

measured the r a d i o a c t i v i t y of the 2,3 dichloropropanol produced. 

T h i s was then converted to the ep i c h l o r o h y d r i n , which was found to 

co n t a i n only ca.94% of the a c t i v i t y of the chlorohydrin. 

CH„ = CH-CH^^Cl CHg - CH - CH^^Cl 

OH C l 

a l k a l i 
r36, C H^^CH - CH^ C l 

0 

+ CH_ - CH - CH^^Cl 
I 2 1 2 
C l OH 

removed 

The authors concluded that about 4% of the c h l o r i n e o r i g i n a l l y i n the 

3 - p o s i t i o n i n a l l y l c h l o r i d e had migrated to the 2 - p o s i t i o n i n the 

2,3-dichloropropanol product, and th e r e f o r e that 12% of the 2,3-

d i c h l o r o isomer was d e r i v e d from a symmetrical intermediate such as 

I I i n the scheme s e t out below. 

CH„ = CH - CH^^Cl ^^^^2"^ CHg -tl^ - CH^^Cl ^2^ . CH,. - CH 
or C1 + 

CH„ -

C l 

CH 
I 
OH 

C H f C l ^ 

31% 

C l ( I ) 
36 
C l 

CHg -^CH - CHg 

C l 

61% OH C l 

( I I ) 

CH^^Cl 

65% 

CHgOH 

4% 

I t was suggested that the major proportion of the products was 
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y i e l d e d by n u c l e o p h i l i c a t t a c k of water on the i n i t i a l l y formed 

intermediate ( l ) , before i t could become completely symmetrical ( l l ) . 

The extent of rearrangement due to a l l y l i c halogen migration i s 

sximmarised f o r the other a l l y l i c h a l i d e s i n the f o l l o w i n g t a b l e : 

Table 5 

Percentages of a d d i t i o n products y i e l d e d by the a d d i t i o n 

of ClOH 

Compound Markovnikov Product Anti-Markovnikov 

CH-=CHCH„C1* CH C1CH(0H)CH C l * ( 3 l ) CH OHCHCICH C l " ( 6 5 ) 

CH2=CHCH2l 

CH2ClCH(0H)CH2Br (32) CH^OHCHClCH^Br (4o) 

C H „ C 1 C H ( 0 H ) C H _ I (30) CH.OHCHCICH I (22) 

cont, 
below 

Rearranged Anti-M. 

CH^ClCHCl-^CHgOH (h) 

CH^ClCHBrCHgOH (28) 

CH^CICHICH^OH (kS) 

Refs. 

41 
38a 

38b 

The extent of rearrangement i s seen to i n c r e a s e \vith the knoim 

mi g r a t i n g a b i l i t y of the halogen atoms; C l < B r < I , I t i s to be 

expected t h a t t h i s a b i l i t y w i l l depend on both the neighbouring 

group i n t e r a c t i o n of the halogen and the ease of h e t e r o l y s i s of the 

carbon-halogen bond, and w i l l be d i s c u s s e d more f u l l y l a t e r . 
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The r a t h e r complex k i n e t i c s of c h l o r i n a t i o n by hypochlorous 

a c i d have been s t u d i e d e x t e n s i v e l y by S h i l o v e t . a l . and by I s r a e l 
42 

e t . a l . , and w i l l be d i s c u s s e d i n S e c t i o n E. The r e a c t i v e halo-

genating s p e c i e s i n a d i l u t e s o l u t i o n of hypochlorous a c i d i n the 

presence of strong a c i d i s b e l i e v e d to be the hypochlorous acidium 

ion Ĥ OCl"*̂  and/or the c h l o r i n i u m ion C I * , as w e l l as the hypochlor

ous a c i d molecule i t s e l f . 
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B S u b s t i t u t i o n accompanying a d d i t i o n 

I t i s a w e l l - e s t a b l i s h e d f a c t that e l i m i n a t i o n r e a c t i o n s from 
c e r t a i n a l l y l h a l i d e s ( v i z . E ^ r e a c t i o n s ) involve proton-loss from 
carbonium i o n s . By analogy with t h i s mechanism, any r e a c t i o n pro
ceeding through a carbonium i o n could give o l e f i n i c products by 
p r o t o n - l o s s , as w e l l as the products of n u c l e o p h i l i c a t t a c k on the 
carbonitmi i o n . For unsyrametrical s t r u c t u r e s a niimber of d i f f e r e n t 
i s o m e r i c o l e f i n s could t h e o r e t i c a l l y be formed. 

Thus i n the case of the a d d i t i o n of halogens or h^'-pohalous 

a c i d s to o l e f i n s , we have the p o s s i b i l i t y of a d d i t i o n or of o v e r a l l 

s u b s t i t u t i o n by the halogen. 

; c(OH).CCl 

C-CCl 

For example, the bromination of t r i p h e n y l e t h y l e n e g i v e s , 

depending on the c o n d i t i o n s , mainly the product of a d d i t i o n , 1,2-

dibromotriphenylethane, or of s u b s t i t u t i o n , bromotriphenylethylene. 
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Ph^C = CH-Ph Ph 5 - C H B r P h ' ^ 
Ph^CBrCHBrPh 

Ph^C = CBrPh 

Also, one of the products of c h l o r i n a t i o n of isobutene v/as 

found to be 3-chloro-2-methylpropene . ' ' 

IIe2C(CI-l)CH2Cl 

Me^C = CH^ + ClOHg >Ue^^.CE^Cl ^—^He^C = CI-ICl 

^^^CH^ = Cl-leCPI^Cl 

Other workers i n v e s t i g a t e d s i m i l a r reactions^*^^ and the (general 

c o n c l u s i o n dratvn was that o l e f i n s which reac t e d r e a d i l y with mineral 

a c i d s ( i . e . those capable of f o r a i n g t e r t i a r y h a l i d e s ) , gave sub

s t i t u t i o n as w e l l a s, or i n s t e a d of, a d d i t i o n products. Another 

ob s e r v a t i o n was that the r a t i o of s u b s t i t u t i o n to a d d i t i o n products 

was i n c r e a s e d f o r a given r e a c t i o n by r a i s i n g the temperatiar e. 

Tischenko showed, by examination of a.ddition of c h l o r i n e to 

many s u b s t i t u t e d e t h y l e n e s , that the r e a c t i o n leading to a chloro-

' s u b s t i t u t e d o l e f i n was not one of simple s u b s t i t u t i o n by ch l o r i ? i e , 
hi 

but that a s h i f t of a double bond was taking p l a c e . 

Reeve, Chambers and P r i c k e t t confirmed t h i s by l a b e l l i n g 

isobutene ( a t 0°C) i n the 1- p o s i t i o n with "^^C, Doth the s t a r t i n g 

m a t e r i a l and the product were t r e a t e d with ozone. The s t a r t i n g 
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m a t e r i a l was found to gi v e i n a c t i v e acetone and a c t i v e formaldehyde, 

while the product, 3-chloro-2-methylpropene, y i e l d e d a c t i v e acetone 

and i n a c t i v e formaldehyde. 

{Cli^)^C ='cH2. 0^ ^ •'•̂ CĤ O d e r i v a t i v e + CH^COCH^ d e r i v . 

Clg a c t i v e i n a c t i v e 

. 14 
CHg = C(CH^)- CH^Cl — 3 — y CHgO d e r i v a t i v e + CH^COCH^Cl 

i n a c t i v e Zn 

14 
CH^COCH^ d e r i v . 

a c t i v e 

(The formaldehyde was converted to i t s dimedone d e r i v a t i v e 

f o r counting, and acetone to i t s 2,4-dinitrophenylhydrazone). These 

r e s u l t s i n d i c a t e t h a t the mechanism i s not one of d i r e c t a t t a c k by 

C l ^ on one of the methyl groups, but i n v o l v e s e l e c t r o p h i l i c a t t a c k 

by c h l o r i n e on the te r m i n a l carbon atom, followed by proton-loss 

from one of the methyl groups of the carbonium ion formed. 

F u r t h e r evidence f o r the two-stage carboniiom ion mechanism f o r 

halogen s u b s t i t u t i o n accompanying a d d i t i o n r e a c t i o n s i s provided by 

a comparison of the products i n aqueous s o l u t i o n of the c h l o r i n a t i o n 

of isobutene and of the h y d r o l y s i s of 1,2-dichloro-2-methylpropane. 

These were foimd by de l a Mare and Salama to be produced i n essen-
49 

t i a l l y the same propor t i o n s . I t i s assumed t h e r e f o r e that the 
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two r e a c t i o n s proceed v i a a common carbonium i o n i c intermediate, 

the r e a c t i o n scheme being s e t down as f o l l o w s : 

Me^C = CHg 

Me^CClCHgCl 

Me^C = 

H y d r o l y s i s 

A d d i t i o n 

ClOH^ — > Me^^-CH^Cl 

CHCl CH^ = CMe.CHgCl 

G'fo 10% 

0.4% 12% 

Me2C(0H)CH2Cl 

84% 

87.6% 

To summarise, then, the c h l o r i n a t i o n of o l e f i n s , as suggested 

by T a f t , ^ ^ appears to proceed i n two st a g e s : 

(1) the rate-determining a d d i t i o n of p o s i t i v e halogen to form the 

carbonium ion; 

(2) two d i s t i n c t f a s t r e a c t i o n s of the carbonium i on to give 

( a ) s u b s t i t u t i o n and/or (b) a d d i t i o n products. 

S e t t i n g out such a scheme i n f u l l : 

CH, 
slow, 

H-C = C 
H CH, 

H 

H CH 

,CH, 
H-C-C 

I W 
CI CI CH, 

H CH- > H. 

H-C-C and/or C = C 
I W I \ 
CI CH^ CI CH^ 
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The r a t i o of a d d i t i o n products to s u b s t i t u t i o n products was 

found to bear a rough r e l a t i o n s h i p to the number of hydrogen atoms 

on the carbon atom adjacent to the p o s i t i v e carbbnic c e n t r e . 

G e n e r a l l y speaking the g r e a t e r the number of such Oc-hydrogen atoms, 

the higher the s u b s t i t u t i o n : a d d i t i o n r a t i o . The reason suggested 

was that the g r e a t e r the number of hydrogen atoms i n the molecule, 

the g r e a t e r the number of resonance s t r u c t u r e s that can be w r i t t e n 

f o r the intermediate carbonium ion, and hence the g r e a t e r the extent 

to which the p o s i t i v e charge i s d e l o c a l i s e d . The charge d e n s i t y at 

carbon-2 i s t h e r e f o r e reduced and the proportion of n u c l e o p h i l i c 

a t t a c k a c c o r d i n g l y l e s s e n e d . 

The o r i e n t a t i o n of e l i m i n a t i o n , that i s , the d i r e c t i o n of proton] 

l o s s , has g iven r i s e to some s p e c u l a t i o n . 

T a f t , f o r example, suggested that the o r i e n t a t i o n would be 

determined by the p o l a r e f f e c t s of the s u b s t i t u e n t s attached to the 
45 

carbonium i o n i c c e n t r e . For example, the ion below, produced by 

the a d d i t i o n of C l ^ to isobutene, has g r e a t e r e l e c t r o n d e n s i t y 

around the carbon atom of the methyl group than around the carbon 

atom of the chloromethyl group, because of the i n d u c t i v e e f f e c t of 

the c h l o r i n e atom. T h i s suggests that proton-loss would talce place 

from the chloromethyl group r a t h e r than from the methyl group. 

CH3 

?«2 - ^ 
CI CH^ 
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F u r t h e r , the e l e c t r o m e r i c e f f e c t of t h i s c h l o r i n e atom a l s o would 

i n c r e a s e the tendency to form a double bond between the carbonium 

i o n i c c e n t r e and the carbon atom of the chleromethyl group. These 

p r e d i c t i o n s , however, are c o n t r a r y to the experimental f i n d i n g s , 

which are t h a t 3-chloro-2-methylpropene i s formed i n much g r e a t e r 
44 

q u a n t i t i e s than the i s o m e r i c l-chloro-2-methylpropene. 

Arnold and Lee, from t h e i r work on the c h l o r i n a t i o n of methy

lene cyclohexane, suggested that a c y c l i c t r a n s i t i o n s t a t e was 

i n v o l v e d i n the formation of a l l y l i c monochlorides from isobutenes. 

I n t h i s mechanism, the attachment of a c h l o r i n e atom, e l i m i n a t i o n 

of hydrogen c h l o r i d e , and rearraxigement of the double bond a l l take 

p l a c e s i m u l t a n e o u s l y . 

CH, 

\ CH- CH 
I 2 I 2 CH. 

R 
I 
R 

C H — C I 

R 

C 

I 
R 

CI;, 
•v 

CH - --CI 
1 : ^ •̂ 

/ 
CH„ 
R 

CI 
CH 

R 

+ HCl 

CH^R 

CH i H 

R 

He l a Mare and Salama put forward a theory based on s t e r e o 
chemical grounds to e x p l a i n the predominant l o s s from the methyl 
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group i n the a d d i t i o n of hypochlorous a c i d to isobutene d e s c r i b e d 

e a r l i e r . They suggested that there was some d i s t o r t i o n towards a 

three-numbered r i n g i n the chloromethyl group produced by i n t e r a c t i o n 

between the C-Cl d i p o l e and the carbonium i o n i c c e n tre. 

H 

X . 2 
V 
\ 
\ 

\ 
H 

CH^ CI S- CH^ CI 

I I I I I I 

T h i s d i s t o r t i o n was considered to be s t e r e o c h e m i c a l l y unfavourable 

f o r pf*oton-loss from t h i s chloromethyl group as i n I I , but not to 

a f f e c t the ease of pr o t o n - l o s s from one of the methyl groups as 

sho\m i n I I I . 

A b e t t e r t e s t of T a f t ' s theory was the examination of proton-

l o s s from a f o r m a l l y symmetrical intermediate, such as that produced 

from hypochlorous a c i d and 2,3-dichloropropene, B a l l i n g e r , de l a 

Mare and I f i l l i a m s found the f o l l o w i n g proportions of isomeric sub-
52 

s t i t u t i o n products. 
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CI 
36 ( 3fc 

CH„ = CCl - CH„ CI > CH„ - CCl - CH_ C l ^ other products 

36 36 
CH„C1 H CH„C1 C l H C l H CH„ C l 
' \ / ' \ / \ / \ / ' 

c = c c = c C = C C = C 
/ '36 X \ / \ 36 / \ 

C l C l C l H C l CH^Cl C l C l 

c i s , v i n y l i c - t r a n s , v i n y l i c - t r a n s , a l l y l i c - c i s , a l l y l i c -

a l l y a l l y a l l y a l l y 

l a b e l l e d l a b e l l e d l a b e l l e d l a b e l l e d 

2 . ? % p.8% 0.^% 0.8% 

Thus, about 84% of the s u b s t i t u t i o n products i s v i n y l i c a l l y l a b e l l e d , 
36 

that i s , d e r i v e d from proto n - l o s s from the CH^ C l alr e a d y present 

i n the o l e f i n molecule. Since equal amounts of proton-loss do not 

occur from the two p o s s i b l e branches of the carbonium ion, i t i s 

apparent t h a t the intermediate i n v o l v e d i n t h i s r e a c t i o n cannot be 

completely symmetrical about the centra,l carbon atom. Thus both the 

c l a s s i c a l carbonium ion ( l ) and a l s o aJi intermediate i n which both 

1- and 3- s u b s t i t u t e d c h l o r i n e atoms i n t e r a c t e q u a l l y with the 

c e n t r a l carbon atom ( l l ) are r u l e d out. An intermediate such as I I I 

i s suggested, i n which the C-Cl dipole of Ĉ ^ i n t e r a c t s with the 

p o s i t i v e c e n t r e , producing a s t r a i n e d c o n f i g u r a t i o n , which s t e r e o -

c h e m i c a l l y hinders the l o s s of a proton from the attacked carbon 

atom. The main product would then be the v i n y l i c a l l y l a b e l l e d 
isomer. 
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36 
+ 36 + . - ' l ^ S+ + ,^ 

CH CI - CCl - CH.Cl CH„ - CCl - CH^ CH, - CCl - CH CI 
2 I ^ 2 . 2 ^ ^ 2 

CI ^ C l 

I I I I I I 

I t w i l l be noted that i n the formation of the main product, 

i . e . the v i n y l i c a l l y l a b e l l e d t r i c h l o r o p r o p e n e , the t r a n s isomer i s 

formed i n predominant amoiint. T h i s suggests a tendency f o r the 

c h l o r i n e atoms on carbons 2 and 3 to take up a conformation so that 

ttiey are as f a r apart as p o s s i b l e , to minimise the r e p u l s i o n s of the 

d i p o l e s of the C-Cl bonds. Proton-loss i s then more l i k e l y to take 

p l a c e i n such a way as to leave these two c h l o r i n e atoms t r a n s - to 

each other i n the product i . e . to favour the formation of t r a n s -

( l - C l ) 1, 2,3-trichloropropene. 

CI C l 
H C l H \ C l H C l 
\ / C l * \ \ / \ / 

c = c —» c - c > c - c 
/ \ /H / \ / \\ 

H C^ H C H C—H 
3 6 ' ^ 36' ^ 36' ^^^Cl ^ C l C l 

Marmor and Maroski advance the theory that the a d d i t i o n of 
53 

HOCl to o l e f i n s i n v o l v e s a f r e e - r a d i c a l process. They foimd that 

i n the a d d i t i o n of HOCl to v a r i o u s hindered o l e f i n s , such as unsym -

ciineopentylethylene and 3» 3 i 5 , 5» -'feetramethylraethylenecyclohexane , 
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s u b s t i t u t i o n was the uiain or onl3'- r e a c t i o n , with the double bond 

remaining i n the o r i g i n a l p o s i t i o n . Since d i r e c t haloge^iatiou of 

alkanes i s b e l i e v e d to occur v i a a f r c e - r p d i c a l process, they say 

that i t i s reasonable to as';u:;e that s u b s t i t u t i o n acco lpa.iy^:^J 

a d d i t i o n i n r e o c t i o n s of alkenes v:itla helo^ ens i s a l s o due to a 

f r e e r a d i c a l p r o cess. They propose that the concept of ",noleci..le-

induced hemolysis" ( f i r s t piit forxvard by ""artin anJ Dre\; e t . a l . ) 

i s o p e r a t i v e i n r e a c t i o n s of IICCl v.'ith o l e f i n s . The JIl C l ^lolecule 

i s l a r g e l y u n d i c s o c i a t e d i n aqueous s o l u t i o n , and as sv.ch i t i s 

analogous to a c h l o r i n e •nolecule. Furt'lerraore, i t has been estab

l i s h e d t h a t HCCl can axid does r e a c t with tuisaturated ketones, i : ; the 

presence of peroxides, v i a a f r e e - r a d i c a l nechsnis.r.. I t i s bein^; 

assunied, t h e r e f o r e , that soue of the IICCl Tinderj^oes ho;jolysis, v;ith 

the generation of chain-propa^^i'ating r a d i c a l s . The f a c t that no C-

s t r u c t u r e s are formed i s explained on the b a s i s o f tho g r e a t e r 

s t a b i l i t y of the Oil r a d i c a l as co:..pared with the C l r a d i c a l . ( i n 

the f r e e - r a d i c a l r e a c t i o n of IICCl with quinones and unsaturated 

ketones no hydroxy coL;poxinds \tere o b G e r v e - l i n t h e prod-acts e i t l . s r 

The f o l l o w i n g scheme i s proposed as a r e p r e s e n t a t i o n ...f the p o s s i b l e 

raechEUiism':. 

OH 
/ 

c i C l 

> = + KCCl - cC - C^ + 0!-r 

5:m 

_C - H + OH* i = * -C. + H5O 
I 2-

-C' + "HOCI _ > -C - C l + OK; e t c . 
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ilarmor and l l a r o s k i a l s o s t u d i e d the r e a c t i o n of h^'-pochlorous 

a c i d with a mixtxire of dineopentylethylene and cyclohexane. Chloro-

cyclohexane was formed, i n d i c s t i n t j that f r e e r a d i c a l s v/ere (generated 

i f we are to assume that s u b s t i t u t i o n of H by C l proceeds only by a 

f r e e r a d i c a l mechanism. 

These r e s u l t s , however, can a l s o he i n t e r p r e t e d by the u s u a l 

i o n i c v.iechanism. The jpreponderance of s u b s t i t u t i o n products a r i s e s 

s i .'.ply because i n these hindered o l e f i n s there i s s t e r i c hinc'erance 

to n u c l e o p h i l i c a t t a c k by the s o l v e n t on the cprboniun i on. 
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C Neighbouring group p a r t i c i p a t i o n 

57 

Winstein termed the phenomenon of i n t e r a c t i o n between a 

s u b s t i t u e n t and a developing carbonium i o n i c centre the neighbouring 

group e f f e c t . There are three p r i n c i p a l types of evidence which 

point towards neighbouring group p a r t i c i p a t i o n . 

F i r s t , i f such p a r t i c i p a t i o n occurs during the rate-determining 

step, the r e a c t i o n i s almost c e r t a i n to be s i g n i f i c a n t l y f a s t e r than 

other r e a c t i o n s which are s i m i l a r but do not involve such p a r t i c i 

p a t i o n . T y p i c a l l y , the p -chlo r o sulphide CH^ClCH^SEt i s hydrolysed 

over 10,000 times as r a p i d l y as i s the corresponding ether 

ClCH^CH^OEt ( i n aqueous diox a n ) . This r a t e d i f f e r e n c e i s f a r too 

gr e a t to be a t t r i b u t e d to d i f f e r e n c e s i n i n d u c t i v e , conjugative, or 

s t e r i c e f f e c t s , but suggests r a t h e r that the h y d r o l y s i s of the 

sulphide (but not the e t h e r ) proceeds through a c y c l i c 'onium ion 

( i n t h i s c a s e , sulphonium i o n ) . The intermediate, because of the 

s t r a i n e d three-membered r i n g , i s r e a d i l y hydrolysed to the observed 

products. 
- C l " + HO 

> S CHg > EtSCH^CH^OH 
/ \ / very 

E t CH„ f a s t 

Second, sometimes the s t e r e o c h e m i s t r y of a r e a c t i o n suggests 

t h a t neighbouring groups become involved. Thus the h y d r o l y s i s of 

oC-i>romopropionate i o n i n water or d i l u t e base y i e l d s l a G t a t e with 
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59 r e t e n t i o n of c o n f i g u r a t i o n about the a-carbon atova,^ Since nucleo
p h i l i c displacements at secondary carbon atoms almost i n v a r i a b l y 
r e s u l t i n p a r t i a l or complete i n v e r s i o n of c o n f i g u r a t i o n , i t was 
assumed that t̂ ^̂ o displacements were a c t u a l l y involved: the f i r s t a 
displacement of bromide by the neighbouring carboxylate group to 
form the n o n - i s o l a t a b l e iX-lactone, the second a very r a p i d cleavage 
of the l a c t o n e by water. I n v e r s i o n presumably occurred i n both 
displacements, the second i n v e r s i o n " n u l l i f y i n g " the f i r s t . 

Me H Me H Me ^ H 
\ / \ / \ ^ C-Br -Br ,C Ĥ O C OH 

,C. 
/ ' ' A \ 0' - '0 c. 0' -0 

0 

Evidence f o r t h i s mechanism comes from a study of the r e l a t i v e r a t e s 

of s o l v o l y s i s of oc-bromopropionate^'^ and i s o p r o p y l b r o m i d e . I n 

methanol, oc-bromopropionate i s the f a s t e r by a f a c t o r of 20, while 

i n water, the r e l a t i v e r a t e s are r e v e r s e d . I t i s found that oc-bro-

mopropionate i s not s e n s i t i v e to solvent and s a l t e f f e c t s . Since 

S j j l r e a c t i o n s i n v o l v i n g i o n i s a t i o n t y p i c a l l y depend markedly on 

s o l v e n t e f f e c t s , i t i s apparent that such a mechanism i s not i n v o l 

ved here. The evidence s t r o n g l y suggests that the rate-determining 

step i n v o l v e s a d i r e c t i n t r a m o l e c u l a r displacement by the carboxy

l a t e group, 
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F i n a l l y , neighbouring group p a r t i c i p a t i o n may lead to r e 

arranged or c y c l i c products. The neighbouring group remains attached 

to the r e a c t i o n c e n t r e and e i t h e r breaks away from the atom to which 

i t was o r i g i n a l l y attached i n the s u b s t r a t e , y i e l d i n g a rearranged 

product, or remains bonded to both, y i e l d i n g a c y c l i c product. 

As an example of the former type, 2-chloro-n-propyldiethylamine 

y i e l d s on b a s i e h y d r o l y s i s a rearranged aminohydrin, presumably 

because the intermediate imonium i o n i s attacked p r e f e r e n t i a l l y at 
62 

the Oc-carbon atom. 
OH" 

* A + 
Et„ N CH(Me)--Cl — > E t „ f? - CH-Me > Et.NCHMeCH_OH 
^ \ / ' \/ ' ' 

CH^ CH^ 

The h y d r o l y s i s i n formic a c i d of Ph^C.CH^Cl y i e l d s i n ad d i t i o n 

to the s o l v o l y s i s products, a rearranged o l e f i n , formed by migration 
63 

of a phenyl group i n the carbonium i o n i c intermediate; 
^Jh 

Ph„ C - CH„C1 ? Ph„ C - CH,, _^ Ph„ 6 - CH„Ph 3 " - ""2"" 2 " 2 ' ̂ "2 ~ 2 

Ph^C.CHgOH Ph,C(0H)CH5Ph Ph^C = CH Ph 

Neighbouring group i n t e r a c t i o n i s a l s o found i n carbonium ions 

produced by e l e c t r o p h i l i c a d d i t i o n s to o l e f i n i c double bonds. For 

example Tamelen and Shamma found that the a d d i t i o n of iodine to 
64 

u n s a t u r a t e d carboxylate ions y i e l d s iodolactones. 
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R I 
\ / 
CH - CH 

RCH = CH - CH„ - COO > 0 CH, 

c 
II 
0 

The authors sug'>,'est t h a t i o d o l a c t o n i s a t i o n proceeds by way of an 
i n i t i a l p o s i t i v e i o d i n e a t t a c k on the double bond follov/ed by 
carboxylate i o n displacement on the r e s u l t i n g iodoniu_n p o r t i o n of 
the i n t e r m e d i a t e z w i t t e r i o n . 

I I 
J:C = C ,G - C -C - C 
' \ \ CH^ •> I CH. 

\ 
/ ' ^ / 

0 - C 0 - C 0 - C 

0 0 0 

They p o i n t out t h a t the view of Linstead,^^ v/ho v i s u a l i z e s an 

a c y c l i c i n t e r m e d i a t e which subsequently l a c t o n i z e s , i s e s s e n t i a l l y 

the same. 

\ C = C - CH^ - COO" --- C - CH„ - COO" ?lactone 
2 / \ ^ 

I t was f u r t h e r found t h a t 5 - and 6- me.nbered r i n g s were favoured i n 

these iodolactone formations, and t h a t the double bond must be 
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i s o l a t e d , i . e . not conjugated. 

B a r t l s t t and T a r b e l l found s i m i l a r lactone fornc.tion i n the 
a d d i t i o n of bromine to di'tiethylmaleic acid.^'^ 

Me 
\ 

Me 
/ 

0 = 

c = c 
/ \ Br;, 

C = . 0 

0 

Me S r lie 

\ / \ / 
C 

• / 
c 

//\ 
0 0 

•\ -
C = 0 

\ 
0 

Me Br Mc 
\/ 
C 

// 

COO 

0 

More r e c e n t l y Norman and Thomas found t h a t a d d i t i o n of Sr^ to 

Ph2C(Ar)CH = CH^ i n v o l v e d m i g r a t i o n of the a r y l group. They 

described the sequence as f o l l o w s : 

Ar 
I 

Ph^C.CH = CH, 
Br, 

-Br-

Ph^C = CArCH^Br <r 

Ar 
PhgC.^H^Br 

3r-

I + 

PhgArC . CIIBr. Cli^Br 

V PhgC - CHCH^Br 

Ar 
PhgScHCHgBr 

The r a t i o of rearrangement product to dibromide was found to increase| 
w i t h the chant;,e from Ar = phenyl to Ar = a n i s y l , and also t . i t h an 
increase i n the p o l a r i t y of the sol v e n t . These increases are 
a t t r i b u t e d i n the f i r s t case to an incre-jse i n the electron-releasin^i 
a b i l i t y of the p-MeO.CgH^ - group as co ipared to C^E^-, and i n the 
second case to an increase i n the l i f e t i m e of the carboniun i o n i c 
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i n t e r m e d i a t e , thus a l l o w i n g g r e a t e r p a r t i c i p a t i o n by the neighbour
i n g group. The sajme changes were also found to increase the r a t e of 
the r e a c t i o n , as would be expected. 

Reaction of Ph^ArCCMe = CH^ w i t h Br^ produced s i m i l a r r e s u l t s . 
Here, however, there are two po s s i b l e d i r e c t i o n s of proton loss from 
the carbonium i o n i c i n t e r m e d i a t e , l e a d i n g to isomeric products. 

Ar 
PhgC - CMe = CH^ 

Ar 
PhgCCCMe)- CH^Br 

.̂ Ph^ArCMe = CH-Br -H 2 

Ph-ArC - CH-Br 
' II ^ CH„ 

Ph^ScMeAr - CH^Br 

SOH - H+ 
Ph^CCMeAr - CH^Br 

OS 

The a l l y l i c bromide was foixnd to predominate over the v i n y l i c 
isomer. This i s i n t e r p r e t e d i n terras of the s t e r i c s t r a i n involved 
i n p r o t o n l o s s from the CH^Br group, as discussed e a r l i e r . 

I n t e r n a l c o m p e t i t i o n by halogen, g i v i n g r i s e to rearranged 
products, has been described by de l a Mare and others i n e l e c t r o -

o o 

p h i l i c a d d i t i o n to a l l y l halides."^ The f o l l o w i n g t a b l e gives the 

percentage of 2-G product y i e l d e d by the a d d i t i o n of ClOH to CH^ = 

CRCH^G. 
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Table 6 

H Me CI H H 

CI CI CI Br Br Br I I I 
hOfo 70% koi> dioxan 

HgO HgO Ĥ O HgO dioxan dioxan Ĥ O dioxan JOfo 

R 

G 

Solvent 

% rearrangement 4 2 0 28 18 

% Markownikoff 

O r i e n t a t i o n 3 0 94 96 3 2 3 7 

% Anti-M. 

O r i e n t a t i o n 6 6 4 4 40 45 

H H H H 

1 1 

39 

5 0 

4 8 3 0 

3 0 31 

2 2 3 9 

18 

3 2 

5 0 

H H 

OH H 

Ĥ O 

7 3 91 

2 7 

These r e s u l t s i n d i c a t e i n c r e a s i n g neighbouring group p a r t i c i p a t i o n 

i n the order I > B r ^ C l . The increase i n m i g r a t i o n w i t h increase i n 

solvent p o l a r i t y i s i n t e r p r e t e d i n terms o f the greater s t a b i l i t y 

of carbonium ions i n more p o l a r s o l v e n t s , l e a d i n g to increased 

o p p o r t u n i t y f o r neighbouring group i n t e r a c t i o n . 

More recent evidence f o r neighbouring halogen p a r t i c i p a t i o n i n 

e l e c t r o p h i l i c r e a c t i o n s i s given by Peterson e_t.al^. Thus, a d d i t i o n 

of t r i f l u o r o a c e t i c a c i d to 5-chlorohexene proceeds some 7 to 1 0 

times f a s t e r than would be expected, and also involves a 1 , 4 

c h l o r i n e s h i f t to y i e l d a rearranged product. 

CI 
H+ H D 

$ 1 

H , , ( 0„C.CF, 

CI D 
OgC.CF^ 40% 

60% 
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A s i m i l a r 1, 4-chlorine s h i f t was observed i n the a d d i t i o n of 
6 2 b CE^CO^H to 5-chloropait-l-yne, 

CI $1 

50% 

F u r t h e r , i n a study of the r a t e s of a d d i t i o n to a series of 

5 - s u b s t i t u t e d 1-hexenes, the 5-Cl,-Br, and - I compoiinds were found 

to r e a c t s e v e r a l times f a s t e r than would be expected merely by a 

co n s i d e r a t i o n of t h e i r i n d u c t i v e e f f e c t s . I t was assumed t h a t 

i n t e r n a l assistance by the halogens l a r g e l y o f f s e t t h e i r i n d u c t i v e 

e f f e c t . 

Moreover, the r a t e s o f a d d i t i o n of CF̂ COOH to 5-broraopentene 

and 6-bromohexene r e s p e c t i v e l y were found to be very s i m i l a r , again 

i n d i c a t i n g neighbouring group i n t e r a c t i o n by halogen counteracting 

i t s i n d u c t i v e e f f e c t . 

Peterson bases h i s c a l c u l a t i o n s of the "expected" r a t e constant 

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

1-alkene or 1-alkyne on the observation t h a t the i n d u c t i v e e f f e c t 

exerted by the s u b s t i t u e n t at the r e a c t i o n centre f a l l s o f f by a 
70 

constant f a c t o r per methylene group (see Chapter 2 ) . 

Evidence has been obtained by Peterson and Bopp f o r fluoronium 

i o n i n t e r m e d i a t e s i n the r e a c t i o n of t r i f l u o r o a c e t i c acid w i t h 5 -
•71 

f l u o r o p e n t y n e and 5 - f l u o r o - 2 - p e n t y l fcosylate. I n the former case 

the r e a c t i o n scheme proposed i s : 



p a r t i c i p a t i o n 

normal 
a d d i t i o n 

OCOCF, 

OCOCF 

CF^COg F 

+ 

I I 

\ 
OCOCF, 

OCOCF, 

I I I 

OCOCF, 

IV, 15% 

.0 

V I I 
( V I + V I I , 15%) 

OCOCF^ <-

0 

X, 52% 

V I I I , 12% 

IX 
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Their evidence f o r f l u o r i n e p a r t i c i p a t i o n i n s o l v o l y s i s i n 

CF^COOH of 5 - f l u o r o - 2 - p e n t y l Tosylate i s obtained from comparison 

of the r a t e s o f var i o u s ^ f l u o r o a l k y l Mesylates. There i s an i n 

crease over the expected (unassisted) r a t e by a f a c t o r of 2^.4. 

Hydroxyl p a r t i c i p a t i o n i n e l e c t r o p h i l i c a d d i t i o n r eactions has 

been e s t a b l i s h e d by W i l l i a m s , who studied the i n i t i a l r a t e s of 

a d d i t i o n of i o d i n e to the series of unsaturated alcohols CH^ = CH 

{CE.^)^OE,''^^ The r a t e constants f o r n = 1 - 4 were found to be 0 . 0 1 1 , 

0 . 0 2 3 , 2 . 2 and 0 . 3 8 1 .moleT"'"rainT''' r e s p e c t i v e l y . C l e a r l y OH - 5 and 

OH - 6 p a r t i c i p a t i o n are i n v o l v e d , w i t h the 5-tuembered r i n g p a r t i c u 

l a r l y favoured. 

The bromination o f the series of alcohols CH^ = CH(CH2 ) ^ 0H i n 
7 3 

water eind i n methanol also demonstrates i j a r t i c i p a t i o n by the 

-OH group, p a r t i c u l a r l y f o r n = 3 , although the e f f e c t s are consid

e r a b l y smaller than f o r the corresponding i o d i n a t i o n s . The r a t e 

constants f o r n = 1 , 2 , 3 and 4 f o r the bromination i n methanol are 

2 3 4 , 5 2 5 , 2 6 3 0 and 1 7 3 0 l.moleT"'"minT"^ r e s p e c t i v e l y . Cyclic products, 

t e t r a h y d r o f u r a n d e r i v a t i v e s f o r n = 3 cmd tetrahydropyran derivatives| 

f o r n = 4 were i s o l a t e d from the r e a c t i o n mixtures. The uiore 

e f f e c t i v e p a r t i c i p a t i o n by the OH-group i n i o d i n a t i o n than i n 

brominati o n xvas thought t o a r i s e from the greater s e l e c t i v i t y of 

the less r e a c t i v e i o d i n e molecule. Approximate c a l c u l a t i o n s show 

t h a t f o r i o d i n a t i o n the r a t i o of r a t e constants f o r the as s i s t e d 

r e a c t i o n to t h a t f o r the unassisted r e a c t i o n ( k z i / ks) i s 6 0 f o r 

n = 3 and 8 f o r n = 4 whereas f o r bromination i n methanol the 
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dorresponding r a t i o s are 1.5 and 0.2. 

A s i m i l a r r e s u l t f o r hydroxyl p a r t i c i p a t i o n i s found f o r the 

h y d r o l y s i s i n water of the series of chlorohydrins Cl(CH2)^0H. 74 

A r a t e maximiim and also the formatio^j of a c y c l i c product occurred 
f o r n = 4. 

F u r t h e r , a study of the r e a c t i o n of I ^ w i t h the sodiiam s a l t s 
of o l e f i n i c c a r b o x y l i e acids reveals a r a t e maximum corresponding 

- 75 to 0-5 p a r t i c i p a t i o n . 

The r a t e s o f a d d i t i o n <f Br^ to the series of w-Br-l-alkenes, 

CHg = CH(CH2)^Br, i n methanol, has also been studied, but here there 

i s no c l e a r i n d i c a t i o n of a p a r t i c u l a r r i n g size being favoured : 
1 1 7 f o r n = 1-4, kg = 1.5i75,500 and 1170 l.raoleT minT r e s p e c t i v e l y . 

The optimum r i n g size f o r neighboxaring group i n t e r a c t i o n i s 

determined by the i n t e r p l a y of several q u a n t i t i e s . 

(1) Formation of a r i n g r e s u l t s i n loss of r o t a t i o n a l freedom and 
hence i s accompanied by an entropy decrease. With i n c r e a s i n g l e n g t h 
of the chain t h a t i s closed, the loss of r o t a t i o n a l freedom increases^ 
Hence there i s an i n c r e a s i n g unfavourable loss of entropy on r i n g 
c l o s u r e , w i t h i n c r e a s i n g r i n g s i z e . 
( 2 ) There i s an unfavourable s t r a i n f a c t o r on r i n g f o r m a t i o n , which 
decreases on going from a three- to a six-membered r i n g , then i n 
creases w i t h r i n g size up t o nine members and decreases again w i t h 
r i n g s o f l a r g e r s i z e . 

( 3 ) Since most l e a v i n g and neighbouring groups are e l e c t r o n w i t h 
drawing i n d u c t i v e l y , the e l e c t r o n i c e f f e c t s of these groups on one 
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another act to decrease the n u c l e o p h i l i c i t y of the l a t t e r and to 
decrease the tendency of the former to depart. They th e r e f o r e tend 
to decrease the r a t e of r i n g f o r m a t i o n , the decrease being greatest 
f o r three-membered r i n g s , when l e a v i n g and neighbouring groups are 
attached t o neighbouring carbon atoms, and decreasing w i t h increas
i n g r i n g s i z e . 

With r i n g closures of u n s u b s t i t u t e d polymethylene chains i n v o l 
v i n g an i n t r a m o l e c u l a r n u c l e o p h i l i c a t t a c k on a saturated carbon 
cen t r e , five-membered r i n g f o r m a t i o n i s most h i g h l y favoured when 
the element of the n u c l e o p h i l i c group i s oxygen or n i t r o g e n . With 
the more h i g h l y p o l a r i s a b l e t h i o e t h e r group, the r i n g s t r a i n f a c t o r 
and the e l e c t r o n i c e f f e c t appear to be r e l a t i v e l y less important, 
since the three-membered r i n g i s most r e a d i l y formed. 

Winstein made a study o f the e f f e c t of various neighbouring 
groups on the rat e s of replacement reactions.''^^ Allowance having 
been made f o r i n d u c t i v e e f f e c t s , the f r e e energy of a c t i v a t i o n con
t r i b u t e d by the neighbouring group to reduce the o v e r a l l f r e e energy 
of a c t i v a t i o n could be c a l c u l a t e d . This was termed the d r i v i n g 
f o r c e r e s u l t i n g from neighbouring group p a r t i c i p a t i o n . 

Table 7 

D r i v i n g f o r c e estimated f o r neighbouring group (G) p a r t i c i p a t i o n i n 

s o l v o l y s i s o f G .CH . C H X i n a c e t i c a c i d . 
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Neighbouring Group I NH^ 0~ Br OH CI S(CI^)20H 

D r i v i n g f o r c e (kcal/mole) 9 8 6 5 1 0 1 3 

D i f f e r e n t numerical values would be obtained f o r d i f f e r e n t 
systems but those above do provide a sequence (l>Br>0H>C1) f o r r e l a 
t i v e importance of neighbouring group i n t e r a c t i o n which w i l l prove 
s i g n i f i c a n t i n l a t e r discussions. 

Also, the existence of neighbouring group phenomena can be 
u s e f u l i n c e r t a i n cases i n d e f i n i n g the l i f e t i m e of intermediates. 
Thus, i f a carbonium i o n i s formed, where tivo neighbouring groups 
could p a r t i c i p a t e , such as CI and X i n CICH^^HCH^X, where X i s a 
much b e t t e r p a r t i c i p a t o r than Cl, and the i o n e x i s t s long enough 
f o r the most s t a b l e c o n f i g u r a t i o n to be adopted, then s t r u c t u r e I I 
r a t h e r than I w i l l be taken up. 

CH^ -^^H - CH^X ^ 1 Cl - CHg - CH - CH^ 
Cl 

I I I 

I f , however, the nature o f the products i n d i c a t e s t h a t the r e a c t i o n 
has occurred through intermediat e I r a t h e r than I I , the deduction i s 
t h a t the i o n d i d not l a s t long enough to e s t a b l i s h the above e q u i l i 
brium, and also t h a t the geometry of the i o n at the moment of pro
d u c t i o n more c l o s e l y resembled I than I I . 
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The nature of the intermediate 

I t i s w e l l known t h a t a d d i t i o n to o l e f i n s i n i t i a t e d by e l e c t r o -
7 7 

p h i l i c halogen o f t e n proceeds i n the trans sense. Thus, the 

a d d i t i o n o f c h l o r i n e to cis-but-2-ene gives the racemic {-)2,3-
78 

d i c h l o r o b u t a n e , whereas the trans-isomer gives the meso-isomer. H H Me H 

\ / 01 \ I 
C = C ? N Cl-C-C-Cl 

/ • \ / I 
Me M;e H Me 

S i m i l a r l y , a d d i t i o n of hypochlorous ac i d to cyclohexene gives 
79 

s t e r o s p e c i f i c a l l y trans-2-chlorocyclohexanol• 
C l e a r l y , then, the halogen atom i n the carbonium i o n i s bound 

i n such a way t h a t the c o n f i g u r a t i o n of the system i s r e t a i n e d . The 
" c l a s s i c a l " carbonium i o n , w i t h the halogen attached s p e c i f i c a l l y to 
one carbon atom, as i n 6H„ -CHgCl, and f r e e r o t a t i o n about the C-C 
bond, does not provide an explanation of t h i s phenomenon. 

Fu r t h e r , the r e s u l t s of a d d i t i o n of bromine c h l o r i d e to propene 
80 

i n water i n the presence of chloride i o n s , make i t apparent t h a t 
some i n t e r m e d i a t e w i t h considerable i n t e r a c t i o n between the e n t e r i n g 
halogen and the carbonium i o n i c centre i s in v o l v e d . The f o l l o w i n g 
f i g u r e s were obtained: 
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CH_ - CH - CH_ 
1 ^ 1 ^ 
Br OH 

= CH - CH, 

vCl 
CH, 

Br 
m 
31 

- CH, B 
545S 

CHg - CH - CH^ 
OH Br 

C 
2 1 ^ 

c: Hg - CH - CH^ 

Cl Br 

D 
465^ 

Since no d i c h l o r i d e or c h l o r o h y d r i n was produced, despite the excess 
of c h l o r i d e ions present, the p o s s i b i l i t y of r e a c t i o n through f r e e 
c h l o r i n e can be r u l e d out. For the same reason we can r u l e out 
a t t a c k on the o l e f i n molecule of BrCl p o l a r i s e d i n the sense l r . . . B t . 
SpectrophotometrLc evidence appears to e s t a b l i s h t h a t BrCl prepared 

from mixtures of Br^ and C l ^ reacts i n a d d i t i o n r e a c t i o n s as i f i t 
6 + B— 8 1 

were p o l a r i s e d i n the sense Br CI. 
The f a c t t h a t the r a t i o of c h l o r i d e to water n u c l e o p h i l i c 

a t t a c k at the t e r m i n a l carbon atom (i.e.D:C) d i f f e r s from the r a t i o 
of c h l o r i d e to water a t t a c k at the c e n t r a l carbon atom (i.e.D:A), 
i n d i c a t e s the n e c e s s i t y of p o s t u l a t i n g at l e a s t two ( l and I I ) and 
p o s s i b l y three ( l , I I and I I I ) i ntermediates. 
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Br+ - i!. Ill 
C H CH = C H > C H 5 H - C H „ ^ C H „ - CH - C H „ ^ C H . C H _ 5 H „ 

3 J 2 3 ^ 2 ^\ / ^ 

C H C H - CH CH - CH - C H C H „ C H - C H „ CH, ,CH - C H „ O H 
J 3 2 3 i I 2 3 | 2 

C I Br OH Br Br C I Br 

Thus, the l-bro-.io isomers are deri v e d from intermediate I and the 

2-bromo isomers from I I and/or I I I . I t i s reasonable to suppose that 

i n t e r m e d i a t e s I and I l / l I I should d i f f e r i n the r a t i o s i n v/hich they 

r e a c t w i t h c h l o r i d e and water. 
82 

I t was Roberts and Kimball who f i r s t i n t e r p r e t e d _trans-

a d d i t i o n of bromine i n terms of "bromoniiara s t r u c t u r e s " ; > < 
Br 

I n any i n t e r m e d i a t e of t h i s type, the i n t e r a c t i o n between halogen 

and the carbonium i o n i c centre would prevent r o t a t i o n about the 

o r i g i n a l C = C double bond, and would ensure t h a t the e n t e r i n g nucleo-| 

p h i l e a ttacked from the side of the double bond opposite to t h a t on 

which the e l e c t r o p h i l e had become attached. 
This theory was extended to a d d i t i o n i n i t i a t e d by c h l o r i n e by 

78 
Lucas and Gould, "chloronium" s t r u c t u r e being proposed f o r the 

a d d i t i o n of c h l o r i n e to but - 2-enes. 
C I 
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83 ' Winstein supported the idea of c y c l i c 'onium s t r u c t u r e s f o r 

in t e r m e d i a t e s i n these a d d i t i o n r e a c t i o n s , and suggested t h a t they 

could be regarded as resonance hybrids i n v o l v i n g the f o l l o w i n g f o u r 
canonical forms: 

C 
/ 

/ > -
Br Br 

- Ĉ  
Br + Br* 

84 
Dewar described the intermediates as r i-coraplexes, i n which 

the bond i s formed from the bonding ^ - o r b i t a l s of the unsaturated 

carbon atoms and the s^-and £-.orbitals of the acceptor i o n . 

This i n f a c t i s equivalent to Winstein's f o u r t h canonical form 
above. I t may be important i n e x p l a i n i n g the formation of complexes 

+ 85 w i t h heavy metal i o n s , e.g. Ag . However, Dewar has since shown 
t h a t f o r the a d d i t i o n of deuterium h a l i d e s to acenaphthalene, 
indene and c i s and trans 1-phenylpropene i n methylene c h l o r i d e s o l 
vent t h a t n e i t h e r TX-complexes nor f r e e carbonium ions are i n v o l v e d . 

Of the various other speculations on t h i s t o p i c should be noted 
86 

t h a t of Arcus, who suggested a t e r n a r y bond where the three atoms 

are bonded by one e l e c t r o n p a i r (besides the normal bond between A 

and B)1 
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^ X 

87 and of Walsh, who suggested t h a t i t was not n e c e s s a r i l y the non-
bonding e l e c t r o n p a i r which c o n t r i b u t e d to the coordinate l i i i k , but 
p o s s i b l y also the bonding e l e c t r o n s . 

I t i s i n s t r u c t i v e t o compare the three-membered c y c l i c i n t e r 
mediate halonium ions p o s t u l a t e d e a r l i e r v/ith the stable three-mem
bered c y c l i c compounds, the epoxides, and to consider the mechanism 

of the ring-opening of these compounds, 
88 

I t seems g e n e r a l l y agreed t h a t anion-catalysed r i n g openings 
i n v o l v e n u c l e o p h i l i c a t t a c k on the oxide molecule, w i t h , correspond
i n g l y , the expected o r i e n t a t i o n of a t t a c k at the primary p o s i t i o n , 
'̂ he HCl- calysed r i n g openings g e n e r a l l y have the k i n e t i c form: 
r a t e oC (oxide) . (H+) , (Cl") ; on the whole they preserve o r i e n t a t i o n 
i n v o l v i n g n u c l e o p h i l i c a t t a c k at the primary carbon atom, and they 
are t h e r e f o r e considered to i n v o l v e to a predominant extent nucleo
p h i l i c a t t a c k on the oxonium c a t i o n shown below. The p r o p o r t i o n of 

C H ^ - C H - C H - X , 2 / <; 

on 

the other isomeric product formed under aci d c o n d i t i o n s i s thought 
to i n d i c a t e p a r t i a l r e a c t i o n through the " l i n e a r " c l a s s i c a l carboniml 
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i o n . Ring opening i n t h i s d i r e c t i o n w i l l be f a c i l i t a t e d by i n c r e a s 

ing e l e c t r o n r e l e a s e from the CH^X group, as exemplified i n the 

h o r i z o n t a l comparisons of Table 8 .^^' ' •̂ ^̂ "•'•̂ ^ 

Table 8 

Percentage of n u c l e o p h i l i c a t t a c k on the c e n t r a l carbon atom i n 

r i n g openings of s u b s t i t u t e d ethylene oxides. 

Compound CH^ - CH - CH^ CH^ - CH - CH^OH CH^-CH-Ct^Cl 

Reagent: 0R~ 2 0 0 
HCl 25 10 0 

ROH - H^SO^ 50 22 ca.2 

I n the a d d i t i o n r e a c t i o n s , as compared with the oxide r i n g 

openings, there i s always formed a much g r e a t e r proportion of the 

isomer d e r i v e d by n u c l e o p h i l i c a t t a c k at the c e n t r a l carbon atom. 

(See corresponding compounds i n Table 2 ) . I f then, the oxide ( l ) 

and the oxonium c a t i o n ( l l ) undergo ring-opening by n u c l e o p h i l i c 

a t t a c k a t the t e r m i n a l carbon atom, 

- CH - CH„ CH„ - CH - CH CH - CH - CH 

I I I I I 



there appears to be no reason why the intermediate ( i l l ) should 

undergo r i n g opening i n the opposite d i r e c t i o n . Various authors 

have recognised t h i s point, and proposed v a r i o u s d e s c r i p t i o n s of the 

i n t e r m e d i a t e . ^ ^ de l a Mare"^^ has suggested that the best r e p r e s e n t 

a t i o n of the intermediate i s a s t r u c t u r e where the e n t e r i n g halogen 

i s a ttached by a bond to the carbon atom u s u a l l y attacked by e l e c t r o -

p h i l e s , at the same time a l l o w i n g e l e c t r o s t a t i c ion-dipole i n t e r a c t i o n 

w i t h the carbonium i o n i c c e n t r e . 

6+ + 
\ / 
. 0 -

S - C l 

I n t e r a c t i o n of t h i s type i s c o n s i s t e n t with r e t e n t i o n of configuraticr] 
8 7 

de l a Mare and P r i t c h a r d a l s o d i s c u s s the p o s s i b l e intermed

i a t e s i n v o l v e d i n a d d i t i o n s to a l l y l compounds. Migration of the 

a l l y l i c s u b s t i t u e n t , g i v i n g r i s e to rearranged products (Table 6 ) 

c l e a r l y i n d i c a t e s i n t e r a c t i o n betv/een the a l l y l i c s u b s t i t u e n t and 

the carbonium i o n i c centre i n the intermediate. The authors suggest 

the f o l l o w i n g scheme f o r the r e a c t i o n of ClOH with a l l y l c h l o r i d e . 
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+ 
6+ CH^ - CH - CH^ I I 

2 ^ 1 2 

' 36 CH^ - CPI - CĤ -̂  CI CH^ - CH - CH^ OH 2 , 2 2 I 2 
OH ^ T l 

They suggest t h a t I i s v e r y q u i c k l y attacked by n u c l e o p h i l e s , and 

that only a small p roportion of the r e a c t i o n goes through I I . 

As seen i n Table 6, the proportion of migration of halogen 

i n c r e a s e s w i t h i n c r e a s i n g " d r i v i n g f o r c e " of the halogen (Table 7 ) . 

The absence of migration of the hydroxyl group i n a d d i t i o n to a l l y l 

a l c o h o l , however, i n d i c a t e s that the ease of h e t e r o l y s i s of the bond 

between carbon and the neighbouring group a l s o p l a y s a part i n 

determining the p o s s i b i l i t y of migration. 

I t i s apparent from the products of a d d i t i o n of ClOH to a l l y l 

i o d i d e that the l i f e t i m e of the carbonium ion i s not long enough 

f o r i t s most s t a b l e form to be adopted, as otherwise i o d i n e , a much 

b e t t e r p a r t i c i p a t o r than c h l o r i n e , would gain complete c o n t r o l of 

the carbonium i o n i c c e n t r e , as i n I I below, le a d i n g to almost 

complete predominance of rearrangement i n the anti-Markovnikov 
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product: 

CH„ = CH - CH.-I , 

C I , 

pin^ - 6H-CH - I 

C l 

CH^CHICH^OH ^ 
H,0 

CH2C1CH(0H) 

CH^-I 

C l 

CH- - CH - CH. 2 . , 2 
- I S -

The e f f e c t of s o l v e n t v a r i a t i o n on the extent of rearrangement of 

a l l y l bromide and a l l y l i o d ide a l s o supports the theory that the 

extent of m i g r a t i o n of a group w i l l depend, other things being 

equal, on the l i f e t i m e of the carbonium i o n i c intermediate. Table 6 

shows the d e c r e a s i n g amount of rearrangement ^^?ith d e c r e a sing p o l a r i t y j 

of s o l v e n t , i . e . with d e c r e a s i n g s t a b i l i t y of the carbonium ion. 

F u r t h e r , i t i s observed that a g r e a t e r proportion of rearrange

ment i n the anti-Markownikoff product occurs with 3-chloro-2-

methylpropene than w i t h a l l y l c h l o r i d e . T h i s i s presumed to be due 

to an i n c r e a s e i n the l i f e t i m e of the carbonium i o n i c intermediate 

owing to d e l o c a l i s a t i o n of the p o s i t i v e charge by the methyl group. 

I t i s a l s o of i n t e r e s t to consider the e f f e c t of v a r i a t i o n of 

the e n t e r i n g halogen on the proportion of the product r e s u l t i n g 

from attachment of the p o s i t i v e halogen sp e c i e s to the terminal 

carbon atom. Table 9 compares the r e s u l t s of a d d i t i o n of ClOH sind 

BrOH to a s e r i e s of o l e f i n s . ' ' ' ^ 0 , 9 1 . 9 2 
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Table 9 

The percentage of products r e s u l t i n g from the attachment of the 

p o s i t i v e halogen s p e c i e s to the terminal carbon atom. 

MeCH = CH^ OHCH^CH = CH^ CICH^CH = CH^ BrCH^CH = CH^ 

ClOH 91 73 30 32 

BrOH 79 66 26 20 

Thus, on changing the e l e c t r o p h i l e from p o s i t i v e c h l o r i n e to 

the b e t t e r p a r t i c i p a t i n g p o s i t i v e bromine, there i s an i n c r e a s e i n 

the amount of product which has the e l e c t r o p h i l e attached to the 

2-carbon atom. A l s o , the C-Br bond i s more e a s i l y broken than the 

C-Cl bond. T h i s r e s u l t confirms the ideas o u t l i n e d e a r l i e r on 

neighbouring group i n t e r a c t i o n . 
However, i t must be pointed out, as Clarke and Williams have 

r e a l i s e d , that the dependence of the course of the r e a c t i o n on the 
93 

e n t e r i n g halogen i s not very marked. T h i s may be because the 

en t e r i n g halogen, being so favourably s i t u a t e d f o r i n t e r a c t i o n with 

the developing carbonium i o n i c c e n t r e , probably att a c h e s i t s e l f 

s i m u l t a n e o u s l y to carbon - 1 and carbon - 2 . T h i s appears to be borne 

out by the f a c t that i n the a d d i t i o n of HOX to v a r i o u s o l e f i n s , the 

r e l a t i v e amounts of 1-X and 2-X adducts are not markedly dependent 

on s o l v e n t composition. T h i s i n d i c a t e s that the rate-determining 
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step does not i n v o l v e develop.tent of a high charge den s i t y , as would 

be the case i n the f o m a t i o n of a c l a s s i c a l cerboniuni ion. 

The theory f o r e l e c t r o p h i l i c a d d i t i o n s to a l l y l i c syste.is aay 

be suTTiarisert as f o l l o w s : 
S + + 

An s l e c t r o p h i l i c reagent X or X a t t a c k s the terminal cnrbon 

atom of the double bond i n the a l l y l i c coiapound CH^ = CYCH^S to give 

the carbonium ion ( l ) , xtfith i n t e r a c t i o n as shovm betv/een X and the 

carbonium i o n i c c e n t r e . The c o n p l e t i o n of r e a c t i o n by n u c l e o p h i l i c 

a t t a c k of water on the c a r b o n i u L i ion i s thought to occur very r a p i d 

l y a f t e r t h i s e l e c t r o p h i l i c c.ttaclc. 

^•''Cli^ - 6Y - CH^2 { 2 •>• ti 

S-X 

The f o l l o w i n g f a c t o r s then decide the r e l a t i v e ajounts of pro

ducts formed. 

( 1 ) The g r e a t e r the nei.r;hbourine group p a r t i c i p a t i o n of X, the 

g r e a t e r the percentage of 2-X isomer fomed. 

(2) As the e l e c t r o n - r e l e a s i n g property of the -CH^Z grotp decreases 

(_CH^>-CH20H>-CH2Cl>-CH^i;r) the double bond becomes l e s s p o l a r i s e d 

i n the sense CH = CY.CK Z; t h e r e f o r e X i s l e s s f i r ^ i l v attached to 
S- ^ s + 

the t e r m i n a l carbon atom, and a g r e a t e r amount of 2-X product results, 

(3) The i n t r o d u c t i o n of an e l e c t r o n - r e p e l l i n g group Y (e.g. CH^ or 
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CI conjugated to the double bond) r e i n f o r c e s the j o l a r i s r . t i o n of the 

, double bond (by - CH^Z), thus g i v i n g r i s e to a gr e a t e r ai^ount of 

1-X isomer. 

(4) I n c r e a s e i n the neighbouring- group p a r t i c i p a t i o n of Z, and i n 

c r e a s i n g ease of the h e t e r o l y s i s of the C-Z bond r e s u l t s i n the f o r 

mation of more of the rearranged 2-Z isomer i n the products. 

Re c e n t l y , an i n c r e a s i n g number of a d d i t i o n r e a c t i o n s g i v i n g 

high y i e l d s of products d e r i v e d through c i s - a d d i t i o n have been 

st u d i e d , f o r example, a d d i t i o n to phenanthrene^^ (56^ of t o t a l addit-| 

i o n products^'^) , naphthalene^^ (90^^ of the a d d i t i o n products nay be 

formed by a t l e a s t one c i s - a d d i t i o n of c h l o r i n e ) , and the phenylpro-

penes^'^ ( c i s , k8-50fj; t r a n s , 3S-39/^ of t o t a l a d d i t i o n p r o d u c t s ) , 

^uch c i s - a d d i t i o n , i t i s suggested, i s the r e s u l t of the i n t e r n a l 

capture of an i n c i p i e n t c h l o r i d e i o n by a developing c a r b i o n i c cen-
Q4 96 

t r e i n a h i g h l y p o l a r i s e d s t r u c t u r e ' ' or the c o l l a p s e of an io n -
•oair 94>96,97 (sQg below). Other products a.re assui:ied tc be f o r i J e d 

by capture of ions or of i o n p a i r s by solvent and by c h l o r i d e 
,^^^94,96,97 

More r e c e n t l y , Johnson and Cpbaleiro have studied the k i n e t i c s 

and products of the c h l o r i n a t i o n i n a c e t i c a c i d of methyl traais-
98 

cinnamate. I t was concluded that the rate-determinin^, step i n v o l 

ved a h i g h l y p o l a r i s e d t r a n s i t i o n s t a t e i n v o l v i n g both the c h l o r i n e 

molecule and the o l e f i n . T h i s t r a n s i t i o n s t a t e i s w r i t t e n as ( A ) 

below, based on evidence that the c h l o r i d e ion i s present u n t i l a 

ve r y l a t e stage i n the r e a c t i o n . ' ' ' ' "''̂^ I t i s not, however, 

n e c e s s a r i l y an exact d e s c r i p t i o n of the t r a n s i t i o n s t a t e . 
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Ph 

C l > 
C l 
/ 

/ 
/ 

/ H 

T T TT-r C 

CO^Me 

( A ) 

0_Me 

(3) 

-H ^ 

Products 

CO^Me 

Products 

(C) 

The threo d i c h l o r i d e i s produced i n high y i e l d . T h i s product of 

c i s - a d d i t i o n i s thought to r e s u l t from the c o l l a p s e of an ion p a i r 

such as ( C ) , before the C l ~ i o n can escape from the v i c i n i t y of the 

s u b s t r a t e , r a t h e r than by subsequent capture of the i o n - p a i r by 

l i b e r a t e d c h l o r i d e . The ery t h r o - i s o . i e r i s thought to come from (B) 

a conformational isomer of ( C ) . 

The high y i e l d s of c i s - a d d i t i o n products formed i n the reactions 

of c h l o r i n e with some c y c l i c o l e f i n i c systems (higher than i n the 

r e a c t i o n s with open systems) are thought to be due at l e a s t i n part 

to the i n a b i l i t y of the i o n - p a i r s to undergo conformational i s o n e r -
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i s a t i o n other than by migration of c h l o r i d e i on from one side of the 

carbonium i o n to the other. 

Very r e c e n t l y , five-membered halonium ions have been observed 

by n.ra.r. spectroscopy. These have been generated by i o n i s a t i o n 

of 1 , 4-dihalobutanes and a l s o by protonation of 5-halo-hex-l-enes as 

sho\m below. 

R.CHX.CH^.CH^.CHXR 
SbF /so. 

SbF„/FS0 H/SO, 
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E The k i n e t i c s of hypochlorous a c i d a d d i t i o n 

The k i n e t i c s of a d d i t i o n of ClOH to c e r t a i n o l e f i n s was f i r s t 
102 

s t u d i e d by S h i l o v and co-workers. They found the r a t e equation 

to be approximately: 

••^^^^ = kfciOH) 
dt 

(kg was not q u i t e independent of the o l e f i n c o n c e n t r a t i o n ) . T h i s i s 

c o n s i s t e n t w i t h a t t a c k on the o l e f i n by c h l o r i n e monoxide, 

2C10H > ClgO + HgO 

i^hich i s known to be about 10^ times more r e a c t i v e than ClOH as a 

halogenatmg agent. 

The c h l o r i n a t i o n of phenol by n e u t r a l ClOH was shown to be 

re p r e s e n t e d by the r a t e equation: 

-^i^^'^^) = k(ClOH) (OPh") 
dt 

which suggests that c h l o r i n a t i o n i n v o l v e s molecular ClOH as the 
104 

e l e c t r o p h i l e . The r a t e of r e a c t i o n was i n c r e a s e d by the a d d i t i o n 

of h y d r o c h l o r i c a c i d but not other mineral a c i d s , i n d i c a t i n g that 

molecular c h l o r i n e (produced from hypochlorous a c i d and c h l o r i d e 
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i o n s ) i s a more e f f e c t i v e e l e c t r o p h i l e than ClOH. 

The r a t e of aromatic c h l o r i n a t i o n by ClOH, under conditions 

ex c l u d i n g the p o s s i b i l i t y of formation of Cl^O or C l ^ ( i . e . i n the 

presence of p e r c h l o r i c a c i d and s i l v e r p e r c h l o r a t e ) , was found f o r 

v a r i o u s compounds to be represented by the equation 

ZAL£10E) = k.(ClOH). ( H ^ 
dt 

k being independent of the con c e n t r a t i o n and nature of the aromatic 

s u b s t r a t e . •'"'̂^ T h i s suggests that the rate-determining step i s the 

formation of the c h l o r i n i u m i on from the hypochlorous acidium i on. 

I n the r a t e equation f o r c h l o r i n a t i o n of methyl ^ - t o l y l ether, 

a second term appears: 

=d010E) ^ k..(ciOH) + k^ (ClOH) . (H^)l ° 6 
dt 

T h i s r e p r e s e n t s rate-determining formation of C1+ d i r e c t l y from 

ClOH, and i s outweighed by the other terra a t moderately high a c i d 

c o n c e n t r a t i o n s . 

For l e s s r e a c t i v e hydrocarbons, and as the concentration of 

the aromatic compound i s i n c r e a s e d , a f u r t h e r term appears i n the 

r a t e equation: 

-d(ClOH) ^ k" (ClOH) + k' (ClOH) . (H+) + 1^" (ClOl^^'^ 
dt 
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T h i s e x p r e s s i o n , at co n c e n t r a t i o n s of ClOH of 5 x 10~S-I and l e s s , 

approximates to a f i r s t order r a t e equation 

ziMSS) . k ( c i o H ) 
dt 

I t has been suggested that as the r e a c t i v i t y of the aromatic 

compound i n c r e a s e s , the f o l l o w i n g r e a c t i o n s become rate-determining 

i n turn. 

(1) B i m o l e c u l a r r e a c t i o n between the chlorinium i o n and the aromatic] 

compound. 

(2) Formation of the chlorinium i o n (ArH term d i s a p p e a r s ) . 

(3) Bimolecular a t t a c k of the hypochlorous acidium ion on the 

aromatic compound (ArH r e a p p e a r s ) . 

( 4 ) Formation of the hypochlorous acidii.un i o n . 

The r a t e s of r e a c t i o n of ClOH with a l l y l c h l o r i d e and a l l y l 

methyl ether have been measured, i n the presence of p e r c h l o r i c a c i d 

and s i l v e r p e r c h l o r a t e . E x t r a p o l a t i o n of the r a t e to zero o l e f i n 

c o n c e n t r a t i o n gave the same value as f o r the r e a c t i o n v.'ith methyl 

t o l y l ether and phenol. C l e a r l y the mechemisms of a d d i t i o n ree.ctions 

and aromatic s u b s t i t u t i o n r e a c t i o n s are b u i l t up of s i m i l a r s t e p s . 

Arotsky and Symons,"'"^^ however, have questioned the strength 

of the evidence f o r the p a r t i c i p a t i o n of halogen c a t i o n s i n many 

a d d i t i o n r e a c t i o n s of hypochlorous a c i d i n aqueous s o l u t i o n . They 

c l a i m that the thermodynamic c a l c u l a t i o n s of B e l l and Gelles,'^''''^ 

even a l l o w i n g . f o r i n c r e a s e d s o l v a t i o n energy of the halogen c a t i o n s , 
a r i s i n g from t h e i r incomplete outer shell,"'"''"''" make the p a r t i c i p a t i o n 
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of C l c a t i o n s i n r e a c t i o n s i n aqueous media very improbable. But 

s i n c e k i n e t i c evidence f o r c h l o r i n a t i o n by C1+ i n c e r t a i n ClOH 

r e a c t i o n s i s very strong, i t has become g e n e r a l l y assumed that C1+ 
112 

i s the u s u a l agent i n aqueous a c i d i c media. A summary of the 

evidence, however, shows i t to be based on the s i g n i f i c a n t obser

v a t i o n that the r a t e equation f o r r e l a t i v e l y u n r e a c t i v e aromatic 

compounds i s of the form: 

^^^^"^ = k rHoci) + k rnoci) (H+) 
dt ^ 

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

of a r a t e - d e t e r m i n i n g h e t e r o l y s i s of the 0-Cl bond, followed by 

r a p i d a t t a c k of the r e s u l t i n g C1+ c a t i o n s on the aromatic compound. 

Accordingly, there i s an i n c r e a s e i n r a t e when D^O i s used as the 

s o l v e n t . "'"'̂^ T h i s has been accepted as good evidence f o r the t r a n s -

l e n t formation of C1+ c a t i o n s i n s o l u t i o n . The authors take the 

view, however, that the l a r g e excess of s i l v e r p e r c h l o r a t e present 

i n these reactions"^*^^''''^'''^ ( t o suppress the r e a c t i o n C l ~ + H^OCl"*"—> 

C l ^ + ^2^^ s i g n i f i c a n t , although i t has been concluded that 

s i n c e the r a t e s are u n a f f e c t e d by small changes i n the concentration 

of s i l v e r p e r c h l o r a t e , s i l v e r ions are not involve d i n the r e a c t i o n 

whose r a t e was measured. There i s strong evidence, however, that 

AgIg i s of c o n s i d e r a b l e s t a b i l i t y and i s a powerful i o d i n a t i n g 
i n 

agent. There i s a l s o some evidence from spectrophotometric, 

s o l u b i l i t y and conductometric s t u d i e s f o r the formation of AgBr^'and 
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Ag Clg,"'""''^ and hence f o r the p a r t i c i p a t i o n of AgCl^ i n the a d d i t i o n 

r e a c t i o n s . -

The steps i n v o l v e d would then be: 

A g C l ( s ) + HgOCH- ^ AgCl^ * 

AgClg"*" + flrH ^2^ ArCl + A g C l ( s ) + H+ (2) 

Agreement with the k i n e t i c data r e q u i r e s that k2»kj^ and (AgCl^"*")*>> 

(Clg) Since the forward r e a c t i o n of ( l ) i s the rate-determining step, 

the o v e r a l l r a t e i s independent of(Ag+)and of (ArH.) 

F u r t h e r , the authors suggest that doubtless s e v e r a l other mechan-| 

isms could be found which would accommodate the k i n e t i c data f o r 

these complex systems. 

Williams has s t u d i e d the e f f e c t of s i l v e r ion concentration on 

the products and k i n e t i c s of hypochlorous a c i d a d d i t i o n to 2,3-

dichloropropene. '''""''̂  I n the absence of s i l v e r ion the r e a c t i o n i s 

v e r y f a s t , o c c u r r i n g v i a f r e e c h l o r i n e , and the products are 1,3-

d i c h l o r o a c e t o n e (76^) , 2 ,2 , 3 -trichloropropcinot (3/^) and 1,2,3-

t r i c h l o r o p r o p e n e ( c i s + t r a n s , 22fo), together with c h l o r i d e ion (SO^o)^ 

To study the k i n e t i c s of the r e a c t i o n i t i s necessary to have excess 

s i l v e r i o n present, to remove c h l o r i d e and hence prevent the r e a c t i o n 

going v i a f r e e c h l o r i n e . l / i t h the concentration of hypochlorous a c i d 

below 10~'̂ M, a bare excess of s i l v e r ions, mineral a c i d present and 

o l e f i n i n ten times excess, good f i r s t order ( i n HOCl) k i n e t i c s were 

obtained. There was a l s o a l i n e a r dependence on mineral a c i d 
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c o n c e n t r a t i o n , and the graph of the f i r s t order r a t e constant, k , 
obs 

( a t consteint o l e f i n c o n c e n t r a t i o n ) against ( a c i d ) gave an i n t e r c e p t 

showing t h a t there i s a no n - a c i d - c a t a l y s e d component i n the r a t e 

equation. The r e a c t i o n order i n o l e f i n was apxjroxiraately unity, 

g i v i n g as the r a t e equation 

r a t e = k^ ' (ClOH) ( o l e f i n ) + k^" (ClOH) (H"^) ( o l e f i n ) 

T h i s suggests r a t e determining a t t a c k by both ClOH and ClOĤ "*". 

On studying the k i n e t i c s of t h i s r e a c t i o n at high concentrations 

of s i l v e r i o n , however, Williams discovered a u t o - c a t a l y t i c behaviour. 

T h i s behaviour was shown to be markedly dependent on the r e a c t a n t 

c o n c e n t r a t i o n s , being more apparent at low mineral a c i d and high 

s i l v e r i o n and HOCl c o n c e n t r a t i o n s . The products of the r e a c t i o n 

were redetermined at v a r i o u s s i l v e r c o n c e n t r a t i o n s . The y i e l d of 

1 , 3-dichloroacetone was found to decrease from 76^ at zero s i l v e r 

c o n c e n t r a t i o n to 38^ at 0.02 M Ag"*" and to 7'^ at 0.09 M Ag*. The 

y i e l d of 1 , 2 , 3 - t r i c h l o r o p r o p e n e a l s o f e l l with i n c r e a s i n g s i l v e r 

c o n c e n t r a t i o n , the amount of s i l v e r c h l o r i d e p r e c i p i t a t e d i n c r e a s e d , 

and a k e t o l , CH^OHCOCH^Cl was formed. 

C l e a r l y , another r e a c t i o n i s ccnpeting with the normal e l e c t r o 

p h i l i c r e a c t i o n , and the author suggests that the r e s u l t s are con

s i s t e n t w i t h n u c l e o p h i l i c a t t a c k by hy p o c h l o r i t e i o n on the o l e f i n , 

g i v i n g an epoxide, which undergoes r i n g opening to give the observed 

k e t o l product. 
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CI / 
CH = C ^ CH^ - CCICH^CI > CH^OHCOCH^Cl 

2 2 2 2 

CH^Cl 0 

'0 +AgCl +AgCl + H"̂  

T h i s mechanism i s c o n s i s t e n t with many of the observed f a c t s 

v i z . 

(1) the nature of the products; 

(2) c a t a l y s i s by s i l v e r i o n; and 

(3) i n c r e a s e d r a t e s as the e f f e c t i v e h y p o c h l o r i t e i o n concentration 

i s i n c r e a s e d , both by d e c r e a s i n g the a c i d i t y and by i n c r e a s i n g the 

i n i t i a l hypochlorous a c i d c o n c e n t r a t i o n . 

S e v e r a l p o s s i b i l i t i e s can be r u l e d out:-

(1) the r e a c t i o n i s not c a t a l y s e d by the f i n a l products, s i n c e the 

same k i n e t i c form was observed i n the presence of the products; 

(2) no r a t e determining sequence i n v o l v i n g the o l e f i n and s i l v e r ion| 

only can be in v o l v e d , s i n c e again the same k i n e t i c p a t t e r n v.'as ob

ta i n e d a f t e r a s o l u t i o n c o n t a i n i n g both the o l e f i n and the s i l v e r 

s a l t had been allowed to stand before the run; 

(3) s i m i l a r l y , no r a t e determining sequence i n v o l v i n g the hypochlo

rous a c i d and the s i l v e r i o n only i s p o s s i b l e s i n c e again the same 

k i n e t i c form was found a f t e r a s o l u t i o n containing hypochlorous a c i d 

and s i l v e r i o n had been l e f t to stand; 

(4) s i n c e the p r e c i p i t a t i o n of s i l v e r c h l o r i d e by the ad d i t i o n of a 
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sodiiim c h l o r i d e s o l u t i o n during the e a r l y stages of the run had only-

l i t t l e e f f e c t on the k i n e t i c s i t seems u n l i k e l y that s o l i d s i l v e r 

c h l o r i d e ( p o s s i b l e c o l l o i d a l ) can be the agent r e s p o n s i b l e f o r the 

a u t o c a t a l y s i s . 

I t i s suggested that the mechanism i s probably of a chain type: 

A—*B and A + B — ^ p r o d u c t s (slow) and probably i n v o l v i n g s e v e r a l 

s t a g e s . A p o s s i b l e sequence would be: 

ClOH + ""̂C = > Couiplex I 

Complex I + Ag"*" > Complex I I 

Complex I I + CIO" ^ Epoxide ^ Ke t o l 

P o s s i b l y the a t t a c k i n g reagent i s not the hypoch l o r i t e ion 

i t s e l f , but some s p e c i e s d e r i v e d from i t . 
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CHAPTER 2 

THE PJJESSNT TJORIC 

A S e l e c t i o n of to-pics f o r investit:7ation 

During a study of the a d d i t i o n of hyxDOcJalorous a c i d to 2,3-

dicliloropropene, Tfilliatns reported a curious e f f e c t of s i l v e r ions 
Zi.0 

on the course of the r e a c t i o n . I n the absence of s i l v e r ions, the 

products were analysed as f o l l o w s : 1,3-dichloroacetone ( l l l ) ( 7 6 ^ / ) l , 

2 , 3-trichloropropene ( l l l ) ( 2 2 ^ ) and 2, 2 , 3- t r i c h l o r o p r o p a n o l (iv)(2v!), 

as s e t out i n the scheiae below. 

CH^ = CCl.CH^Cl 

CH^Cl.CO.CH^Cl 

76 ( I I I ) 

CI .CI 

CH^ - CCl-CH^Cl ^ * CH^-CCl-CI-I^Cl 

( I ) 

CHCl = CCl - CH^Cl ( I V ) CH^OI-I.CCl^.CI-I^Cl (v) 

22 
•2*" 2̂  
2 

TJhen s i l v e r ions v^rere present, hov/ever, to prevent the r e a c t i o n pro

ceeding v i a f r e e c h l o r i n e , produced i n the r e a c t i o n C i + Ĥ OCl"*̂  

C l ^ + ^2^' ^ "larlced change i n the amounts of the v a r i o u s products 

occurred. The y i e l d of c h l o r i d e ion produced (as s i l v e r c h l o r i d e ) 

was g r e a t l y i n c r e a s e d , while the y i e l d s of I I I and IV dropped to 33^ 

and 85o r e s p e c t i v e l y , and a f u r t h e r product, VI, was i s o l a t e d , and 

i d e n t i f i e d as l-hydroxy-3-chloroacetone. On i n c r e a s i n g the i n i t i a l 
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c o n c e n t r a t i o n of s i l v e r p e r c h l o r a t e , the y i e l d s of I I I and IV dropped 

markedly, w h i l s t that of VI i n c r e a s e d (to about 90^ at 0.12M s i l v e r ) ; 

The formation of t h i s unexpected product was shown to be con

nected w i t h an unusual a c c e l e r a t i n g e f f e c t when the r a t e of t h i s r e 

a c t i o n was measured. •'••'•̂  T h i s e f f e c t was markedly dependent on the 

r e a c t i o n c o n d i t i o n s , being favoured at lo\\7 mineral a c i d , high s i l v e r 

i o n and high ClOH c o n c e n t r a t i o n s . 

Now s i n c e no such i n t e r f e r e n c e by s i l v e r ions had been observed 

i n the corresponding r e a c t i o n s of a l l y l c h l o r i d e , 3-chloro-2-

methylpropene, or isobutene, i t was suggested that the s u b s t i t u t i o n 

of a 2-chloro- (or, g e n e r a l l y , a 2-halogeno-) atom i n the o l e f i n 

molecule played some important p a r t i n t h i s anomalous r e a c t i o n . I t 

was concluded thnt the r e a c t i o n s of 2-chloropropene with hypochlorous| 

a c i d would be of i n t e r e s t . 

The aims of the present i n v e s t i g a t i o n were: f i r s t l y , to estab

l i s h the products of the r e a c t i o n , and i n t e r p r e t them i n the l i g h t of| 

the f a c t o r s d i s c u s s e d i n Chapter 1, v i z the i n f l u e n c e of the s u b s t i -

tuent on the o r i e n t a t i o n of a d d i t i o n and of s u b s t i t u t i o n . Secondly, 

i t was hoped to d e t e c t any unusual e f f e c t of s i l v e r ions i n the 

course and/or the r a t e of the r e a c t i o n . 

During the course of these i n v e s t i g a t i o n s , i t was discovered 

t h a t when ClOH l a b e l l e d with r a d i o a c t i v e CI was added to 2-

chloropropene, the f u l l a c t i v i t y of the ClOH was not r e t a i n e d i n 

the product. The nattire of the mechanism of t h i s c h l o r i n e exchange 

r e a c t i o n , and the e f f e c t of the concentration of s i l v e r ions on i t s 
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extent were t h e r e f o r e a l s o s t u d i e d . I n p a r t i c u l a r i t was hoped to 

e s t a b l i s h whether t h i s l o s s of a c t i v i t y took place by some i n t r a 

molecular exchange process i n v o l v i n g bridged carbonitim ions or 

whether the l o s s of r a d i o a c t i v i t y could be accounted f o r by some 

i n t e r - m o l e c u l a r process i n v o l v i n g c h l o r i n e exchange between the 

hypochlorous a c i d and some other c h l o r i n e - c o n t a i n i n g s p e c i e s , during 

the course of the r e a c t i o n . Most of the d e t a i l e d product analyses 

( i n c l u d i n g the r a d i o a c t i v e work) and r a t e were done with 2-chloro-

propene but the i n v e s t i g a t i o n was extended to cover the a d d i t i o n to 

2-bromopropene, while k i n e t i c measurements of hypochlorous a c i d 

a d d i t i o n were c a r r i e d out with 2-chloropropene, 2,3-dichloropropene 

(to confirm the o r i g i n a l o b s e r v a t i o n s ) and 2-chloroprop-2-en-l-ol. 

F a i r l y e x t e n s i v e k i n e t i c i n v e s t i g a t i o n s of neighbouring group 

p a r t i c i p a t i o n accompanying e l e c t r o p h i l i c a d d i t i o n r e a c t i o n s have 

been made. ^or example, hydroxyl p a r t i c i p a t i o n has been e s t a b l i s h e d 

by W i l l i a m s , who obtained r a t e s f o r a d d i t i o n of iodine to the s e r i e s 

of xinsaturated a l c o h o l s CH^ = CH(CH2 )̂ 0H.'''̂  The r a t e constant was 

g r e a t e s t f o r n = 3, i n d i c a t i n g p a r t i c u l a r l y strong p a r t i c i p a t i o n by 

OH i n a 5-membered r i n g . T h i s compares with the r e s u l t s of the 

h y d r o l y s i s i n water of the s e r i e s of chlorohydrins Cl(CH2)^0H, where 
74 

a r a t e maximum and formation of a c y c l i c product occurred at n = 4. 

F u r t h e r , a study of the r e a c t i o n of iodine with the sodium s a l t s of 

o l e f i n i c c a r b o x y ^ l i c a c i d s r e v e a l s a r a t e maximum corresponding to 
75 

0 - 5 p a r t i c i p a t i o n . 
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The p i c t u r e with h c l o ^ e i i p a r t i c i p a t i o n , however, i s l e s s c l e a r , 

da l a riare e j t . a l . have d e s c r i b e d i n t e r n a l co.apetition by halogen i n 

the e l e c t r o p h i l i c a d d i t i o n s to a l l y l halides,"^^ which r e s u l t e d ir> 

the for..aation of rearranged 2-halo-products. The extent of t h i s 

rearrangement was g r e a t e s t f o r the iodo s u b s t i t u e n t and the sequence 

I>Br>Cl was observed, as expected from the decreasing- n u c l c o p h i l i c i t y , 

A l s o , rearrangenent occurred to a l e s s e r extent i n l e s s p o l a r s o l 

vents (dioxan-water m i x t u r e s ) . T h i s was i n t e r p r e t e d as bein^- due to 

the decreased s t a - J i l i t y of the carbonium i on i n the l e s s p o l a r 

medium, a l l o w i n g l e G S t i . j e f o r the neighbouring group i n t e r a c t i o n 

by the a l l y l i c halogen to becone e s t a b l i s h e d . 

More r e c e n t l y , Peterson e_t.al. have e s t a b l i s h e d halogen p a r t i c i - | 

p a t i o n i n a S-meubered r i n g . Addition of CF^CCOH to CH^ = CH(CH2)2 

CHCl.CH^ proceeds some 7-10 times f a s t e r than expected and a l s o a 

rearranged product r e s u l t i n g f r o n a 1,^ CI s h i f t i s obtained. 68a 

D 

^ C l 

Ĥ  
CI 
+ 

D 

O^CCF^ 

0 n.CF3 

A \,h CI s h i f t can a l s o be observed i n the a d d i t i o n of CF^ COOH 



to 5-chlorohex-l-yne. 68b 

C I C I 
+ 

50% 
OgC.CF^ 

F u r t h e r , Peterson found that i n a s e r i e s of 5 - s u b s t i t u t e d 1-

hexenes, the 5-Cl, 5-Br and 5-1 compounds r e a c t e d s e v e r a l times 

f a s t e r than would be expected merely by c o n s i d e r a t i o n of t h e i r induc-| 

t i v e e f f e c t s . I t was assumed that the i n d u c t i v e e f f e c t was being 

o f f s e t by i n t e r n a l p a r t i c i p a t i o n by the halogen atoms. 

Again, the r a t e of e l e c t r o p h i l i c a d d i t i o n to 5-bromopentene and 

6-bromohexene r e s p e c t i v e l y were found to be very s i m i l a r , i n d i c a t i n g 

that g r e a t e r p a r t i c i p a t i o n by bromine i n the 5-broraopentene ( v i a a 

5-membered r i n g ) tended to counteract i t s i n d u c t i v e e f f e c t . 

The r a t e s of a d d i t i o n of bromine i n methanol to the s e r i e s of 

i msaturated a l c o h o l s CH^ = CH(CH2)^0H'^3^ and bromides CH^ = CH(CH2)^ 

Br have been measured. For the a l c o h o l s the r a t e constants v/ere 

28^,525,2630 and 1730 l.moleT''" minT''' f o r n = 1,2,3 and h r e s p o c t i v e l ^ | 

T h i s i n d i c a t e s a measure of OH -5 p a r t i c i p a t i o n ( a t n = 3)> v/hich 

was confirmed by the i s o l a t i o n from the r e a c t i o n product of 2-bromo-

methyltetrahydrofuran, C l e a r l y , the p a r t i c i p a t i o n i s much l e s s than 

f o r the i o d i n a t i o n r e a c t i o n s . For the s e r i e s of brorno compounds, 

the r a t e c o n s t a n t s were 1.5,75,500 and I I 7 0 l.moleT''" minT''" f o r n = 

1,2,3 and h r e s p e c t i v e l y . C a l c u l a t i o n s , s i m i l a r to those c a r r i e d 
70 

out by P e t e r s o n e_t.al. , based on a r e g u l a r f a l l o f f of the induc

t i v e e f f e c t of the bromo s u b s t i t u e n t show that there i s no evidence 
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a t a l l f o r any r a t e en'-ancements, which are g e n e r a l l y thought to 
i n d i c a t e p a r t i c i p a t i o n i n the r a t e determining step by a nei^-hbouring 

group. I n the present work the r a t e s of a d d i t i o n of iodine to a 

s e r i e s of unsaturated b r c a i d e s , C I I = C H ( C H ) Br, .were measured, i n 

order to determine whether p a r t i c i p a t i o n by a f i v e (or other)-rjeuiber-

ed bromonium ion i s k i n e t i c a l l y d e t e c t a b l e . Iodine was used as the 

e l e c t r o p h i l e i n preference to c h l o r i n e or bromine, as i t s slower 

r a t e of r e a c t i o n x^ould shov/ up the d i f f e r e n c e i n ra,te betv/een the 

v a r i o u s bromides more c l e a r l y . 

The evidence from Peterson's work i n t r i f l u o r o a c e t i c a c i d ^ ^ 

i s t h a t halogen"-5 p a r t i c i p a t i o n i s p o s s i b l e i n t h i s system, although 

the magnitudes of the e f f e c t are not large. 
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B The a d d i t i o n of hypochlorous a c i d to 2-chloropropene 

The products of t h i s r e a c t i o n , c a r r i e d out i n aqueous a c i d 

s o l u t i o n , were i d e n t i f i e d as chloroacetone and 2,3-dichloropropene. 

The araotints were estimated b̂ '' isotope d i l u t i o n a n a l y s i s and found to 

be 83% and l^fo r e s p e c t i v e l y , based on the amount of ClOH used (the 

o l e f i n being i n e x c e s s ) . The other p o s s i b l e product of a d d i t i o n , 

2 , 2 - d i c h l o r o p r o p a n - l - o l , was not detected. The course of the r e 

a c t i o n can be d e s c r i b e d by the f o l l o w i n g scheme: 

Cl-^ - 8+ HO 
CH^ = CCl - CH^ > CH^ - CCl - CH^-i^CH^Cl.CO.CH^ 

2 3 | 2 , ' ' ^ 3 2 3 

CH^Cl.CCl = CH^ 

The absence of any of the isomer produced by n u c l e o p h i l i c 

a t t a c k by water at the t e r m i n a l carbon atom i s c o n s i s t e n t with the 

work d i s c u s s e d i n Chapter 1. Thus, a d d i t i o n of ClOH to a l l y l c h l o r 

ide y i e l d e d 70^ 1,2-dichloropropan-3-ol and 30% of the isomer r e s u l t 

i n g from n u c l e o p h i l i c a t t a c k a t the centre carbon atom. Th i s was 

attributed to i n t e r a c t i o n by the incoming c h l o r i n e atom with the c a r -

bonitmi i o n i c c e n t r e , f a c i l i t a t i n g a t t a c k by the n u c l e o p h i l e at C-1 

(but not to the extent found i n the epoxides, where n u c l e o p h i l i c 

a t t a c k i s almost e x c l u s i v e l y at the primary carbon atom). 3-chloro-

2-methylpropene, isobutene and 2,3-dichloropropene, however, a l l 

gave upwards of 96% of the 2-OH isomer. I n these c a s e s , i t was sug

gested, e l e c t r o n - r e l e a s e from the 2 - s u b s t i t u e n t makes the C-1 more 
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n e g a t i v e l y p o l a r i s a b l e , and hence the incoming Cl"*^ becomes f i r m l y 

a ttached here, with consequently l e s s i n t e r a c t i o n with C-2. T/ith 

2-chloropropene, l i k e w i s e , i t i s to be expected that n u c l e o p h i l i c 

a t t a c k xtfill take p l a c e predominantly at the centre carbon atom, 

g i v i n g the observed product, chloroacetone. 
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Ĉ  S u b s t i t u t i o n accompanying the a d d i t i o n of hypochlorous a c i d to 

2-chloropropene 

The s o l e o l e f i n i c product of the r e a c t i o n was i d e n t i f i e d by 

V.p.c, and i n f r a - r e d s p e c t r a as 2,3-dichloropropene. 

C l ^ 
+̂ + 

CH^ = CCl - CH^ > CH^ - CCl - CH^ f CH^CICCI =CH2 
t 

CI 

Of the two p o s s i b l e s i t e s f o r prot o n - l o s s , then, only C-3 i s 

in v o l v e d . T h i s i s c o n s i s t e n t with the view of de l a Mare and 

Salama, who point out that i f the ente r i n g CI ator.i i s i n t e r a c t i n g 

w i t h C-2, then i n the t r a n s i t i o n s t a t e ( l ) f o r e l i m i n a t i o n from C-1 

i t i s p a r t i c u l a r l y s t r a i n e d r e l a t i v e to the f i n a l p o s i t i o n of the 

atoms i n the product. The i i n a f f e c t e d H atoms of the CH^ group, how

ever, are able to adopt r e l a t i v e l y u n s t r a i n e d p o s i t i o n s i n the r e 

quir e d t r a n s i t i o n s t a t e f o r e l i m i n a t i o n from C - 3 ( l l ) , and the d i s 

t o r t i o n i n the CH^Cl group does not a d v e r s e l y a f f e c t the geometrical 

requirements of the double bond. 

C l ^ Cl<-^ 

H^ ^ C l 

H 

H ^H 

I I I 

Hence, the observed o l e f i n i c product of the r e a c t i o n i s 2,3-

dichloropropene, the 1,3 isomer being produced i n very low y i e l d or 

not a t a l l . 
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R The e f f e c t of s i l v e r ions on the p r o d u c t s of the r e a c t i o n 

between hypochlorous a c i d and 2-chlorQpropene 

'̂ he c u r i o u s e f f e c t of s i l v e r ions on the course of the r e a c t i o n 

( i . e . on both products and k i n e t i c s ) between hypochlorous a c i d and 

2,3-dichloropropene was d e s c r i b e d e a r l i e r i n the present chapter. 

The "normal" products, CH^CICOCH^CI and CH^Cl.CCl = CHCl (i^hich to

gether account f o r 97% of the products of the r e a c t i o n when c a r r i e d 

out i n the absence of s i l v e r ) are obtained i n g r e a t l y reduced 3'-ield 

i n the presence of excess s i l v e r i o n s , and a f u r t h e r product has 
ko 

been i s o l a t e d , and i d e n t i f i e d as CH^OHCOCH^Cl. As no such i n t e r 

f e r e n c e by Ag* ions i s observed i n the corresponding r e a c t i o n s of 

ally.], c h l o r i d e , 2-methyl-3-chloropropene or isobutene, i t was i n f e r 

red that the 2-chloro s u b s t i t u e n t played some important r o l e . The 

corresponding r e a c t i o n of 2-chloropropene might t h e r e f o r e be e'xpectedj 

to s u f f e r s i m i l a r i n t e r f e r e n c e by s i l v e r i o n s . 

I n the present work, the r e a c t i o n between ClOH (O.Oll H) and 

2-chloropropene (0.022 M) was c a r r i e d out i n the presence of per

c h l o r i c a c i d (0.12 M) and excess (0.05 M) s i l v e r p e r c h l o r a t e . A f t e r 

r e a c t i o n the s o l u t i o n was analysed f o r c h l o r i d e ion, which was found 

to be 113% of the c h l o r i n e o r i g i n a l l y present i n the ClOH. The y i e l d | 

of chloroacetone was determined by isotope d i l u t i o n a n a l y s i s , and 

r e p r e s e n t e d 83^0 of the ClOH used. 

The y i e l d of chloroacetone i s only s l i g h t l y l e s s than that 

obtained i n the absence of s i l v e r , i n d i c a t i n g that t h i s considerable 
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excess of s i l v e r ions has no s i g n i f i c a n t e f f e c t on the course of the 

r e a c t i o n . 

On the other hand, the high y i e l d of c h l o r i d e ion suggests that 

some s o r t of h y d r o x y l a t i o n r e a c t i o n i s taking place, which we could 

r e p r e s e n t as 

CH = CCICH ^̂ "̂'•> CH OHCCl(OH)CH > CH OHCOCH 
3 Ĥ O ^ ^ 3 

* H"*" + C l " H"*" + C l ~ 

i n a d d i t i o n to the usu a l scheme: 

CH^ = CCICH^ — — ^ CH^CICCICH^ ^2^ ̂  CH^CICOCH^ + 2H'̂  + Cl" 

CHgClCCl = CH^ + H* 

However, t h i s p o s t u l a t e would r e q u i r e that the k e t o l CH^OHCOCH^ or 

some other h y d r o x y l a t i o n product be y i e l d e d i n appreciable quantities, 

I t should be noted that the c h l o r i d e produced i s computed as fee 

d i f f e r e n c e between the amount of s i l v e r present i n s o l u t i o n before 

and a f t e r the r e a c t i o n . Since the s i l v e r i s i n high excess over the 

HOCl, only a small p roportion i s used up, and therefore the e r r o r i n 

s i l v e r determination i s g r e a t l y magnified. 

2-chloropropene was again added to an aqueous a c i d i c s o l u t i o n 

of hypochlorous a c i d , t h i s time 0.10 M i n s i l v e r . The r e a c t i o n 

s o l u t i o n was e x t r a c t e d by continuous ether e x t r a c t i o n , and the 
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r e s u l t i n g product analysed by vapour phase chromotography. Tr-.'o 

peaks only were detected, one corresponding to chloroacetone, the 

other to 2, 3-dichloropropene. The complete absence of any f u r t h e r 

product at t h i s f a i r l y high c o n c e n t r a t i o n of s i l v e r s t r o n g l y suggests 

the absence of any vmusual e f f e c t of s i l v e r ions on the products of 

the r e a c t i o n . 

The k i n e t i c s of the r e a c t i o n are d i s c u s s e d i n the f o l l o w i n g 

s e c t i o n . 
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E K i n e t i c s of the a d d i t i o n of hypochlorous a c i d to 

2-chloropropene ; p o s s i b l e anomalous e f f e c t of s i l v e r ions 

When the k i n e t i c s of the r e a c t i o n betv/een hypochlorous a c i d and 

2,3-dichloropropene were followed i n the presence of s i l v e r i o n s , the 

observed r a t e constants showed a sudden and s u b s t a n t i a l i n c r e a s e 

during the course of the reaction."'""'"^ T h i s e f f e c t was markedly i n 

cre a s e d by r a i s i n g the s i l v e r i o n and hypochlorous a c i d concentrat

ions and lowering the mineral a c i d concentration. 

I n the present v/ork, t h i s r e a c t i o n was again followed under 

s i m i l a r c o n d i t i o n s , and the a c c e l e r a t i n g e f f e c t of s i l v e r ions 

confirmed. 

Then the k i n e t i c s of the r e a c t i o n between hypochlorous a c i d and 

2-chloropropene v/ere followed, to d i s c o v e r whether or not such a 

phenomenon occurred i n t h i s case. I n i t i a l l y s e v e r a l runs were done 

at low (about 0.002 M) c o n c e n t r a t i o n s of hypochlorous a c i d . I f any 

higher c o n c e n t r a t i o n s were used (which would have been d e s i r a b l e i n 

view of the d i f f i c u l t y i n obtaining accurate end-points at these low 

c o n c e n t r a t i o n s ) , an appreciable amount of Cl^O i s formed, g i v i n g 

r i s e to some second order r e a c t i o n , when a downv/ard d r i f t of the 

r a t e " c o n s t a n t s " i s observed. At 0.002 M hypochlorous a c i d , with a 

ten or more f o l d excess of 2-chloropropene, quite good f i r s t order 

k i n e t i c s were obtained. The mean value of k̂ ^ was 5.^6 x 10"^ ( s e c . "*") 

a t an o l e f i n c o n c e n t r a t i o n of 0.026 M, and mineral a c i d concentration 

0.02 M. T h i s compares with an e x t r a p o l a t e d value''""''^ of 3.3 x 10 ^ 

( s e c ."•'" ^ f or 2,3-dichloropropene at the same a c i d strength. The 
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presence of the 3-chloro s u b s t i t u e n t therefore decreases the r a t e 

constant by a f a c t o r of ca.17. 

I n order to look f o r the s i l v e r - a c c e l e r a t e d r e a c t i o n i n 2-

chloropropene, the m i n e r a l a c i d c o n c e n t r a t i o n was reduced to zero, 

the s i l v e r i o n c o n c e n t r a t i o n r a i s e d to 0.11 M ( p r e v i o u s l y O.O36 M) 

and the hypochlorous a c i d c o n c e n t r a t i o n i n c r e a s e d to O.OO5 M. Hov;-

ever, no s i g n of a c c e l e r a t i o n by s i l v e r was observed under these con-| 

d i t i o n s , where i n the case of 2,3-^dichloropropene the r e a c t i o n would 

go alxnost e x c l u s i v e l y by the ajioraalous mechanism. 

However, s i n c e 2-chloropropene i s much more r e a c t i v e than the 

d i c h l o r o compound towards e l e c t r o p h i l i c a d d i t i o n , i t i s p o s s i b l e 

that the r e a c t i o n whereby the s i l v e r ions i n t e r f e r e may be slower 

than the a d d i t i o n r e a c t i o n of the former. 1/illiams'''"^^ suggests that 

the i n t e r f e r i n g r e a c t i o n i n v o l v e s n u c l e o p h i l i c attack by hypochlorite| 

i o n , competing with e l e c t r o p h i l i c a t t a c k by Cl'*' or ClOĤ "*". The k i n 

e t i c s of the a d d i t i o n of hypochlorous a c i d to 2-chloroprop-2-en-l-ol 

were a l s o s t u d i e d . Here, no i n c r e a s e i n the r a t e constants during 

the course of the r e a c t i o n was observed, even at a hypochlorous a c i d 

c o n c e n t r a t i o n of 7 x 10 M and s i l v e r i o n concentration of 0.05 M. 

But, i n c r e a s i n g the s i l v e r c o n c e n t r a t i o n to 0.20 M r e s u l t e d i n a 

marked i n c r e a s e i n the r a t e constant (see Chapter 3 ) . C l e a r l y , then,| 

the r e a c t i o n i s s i l v e r - c a t a l y s e d to a c e r t a i n extent. I t should be 

noted that a t t h i s c o n c e n t r a t i o n of hypochlorous a c i d , the r e a c t i o n 

i s no longer f i r s t order, s i n c e r e a c t i o n v i a C I 2 O i s now important, 

but can be analysed by a g r a p h i c a l method into f i r s t and second 
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order cotnponents. Although the a u t o c a t a l y t i c type of behaviour 

observed w i t h 2,3-dichloropropene i s not observed with 2-chloroprop-

2 - e n - l - o l , the f a c t that an i n c r e a s e i n s i l v e r concentration i n c r e a 

ses the r e a c t i o n r a t e , suggests that i t may j u s t be s t a r t i n g to creep 

i n at t h i s stage, i . e . at a r e a c t i v i t y intermediate between 2-chloro

propene and 2,3-dichloropropene. I t would be of i n t e r e s t to extend 

the range of r e a c t i v i t y f u r t h e r , say to 1,1-dichloroethylene and 

p o s s i b l y to cyano s u b s t i t u t e d o l e f i n s . 
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F C h l o r i n e exchange accompanying the r e a c t i o n between 

h y p o c h l o r o u s a c i d and 2 - c h l o r 6 p r o p e n e 

The c h l o r o a c e t o n e p r o d u c e d by t h e a d d i t i o n of h y p o c h l o r o u s 

a c i d l a b e l l e d w i t h C I to 2 - c h l o r o p r o p e n e was i s o l a t e d and i t s 

s p e c i f i c a c t i v i t y measured. I t was found to c o n t a i n o n l y 50-60^ o f 

the r a d i o a c t i v i t y of the i n i t i a l ClOH. 

CH^ = CCICH^ 

36 ClOH 

CH^^^Cl - C C l -CH^ 

•'CH„Cl-COCH^';-(.-:iCHCI-I^Cl-CCl = CH 2 

The p e r c e n t a g e of r e a c t i v i t y r e t a i n e d was i n c r e a s e d by the i n c l u s i o n 

o f e x c e s s s i l v e r i o n s i n the r e a c t i o n m i x t u r e , but s t i l l d i d not 

r e a c h 100^. 

The same phenomenon had e a r l i e r been o b s e r v e d i n the c a s e o f 

^^ClOH a d d i t i o n to 2, 3 - d i c h l o r o p r o p e n e .'̂''''̂  

C l e a r l y , some exchange h a s t a k e n p l a c e between the e n t e r i n g 

c h l o r i n e atom and t h e c h l o r i n e s u b s t i t u e n t i n the 2 - p o s i t i o n i n the 

o l e f i n m o l e c u l e . T h i s exchange r e a c t i o n t a k e s p l a c e i n the p r e s e n c e 

and i n t h e a b s e n c e o f s i l v e r i o n s , and s e v e r a l e x p e r i m e n t s were done 

to e s t a b l i s h the r e l a t i o n between the i n i t i a l c o n c e n t r a t i o n o f s i l v e r 

i o n s and the s p e c i f i c a c t i v i t y of t he c h l o r o a c e t o n e produced. 

-86-



I n e a c h c a s e l a b e l l e d ClOH o f known s p e c i f i c a c t i v i t y was 

added to an aqueous a c i d s o l u t i o n c o n t a i n i n g e x c e s s 2 - c h l o r o p r o p e n e . 

A f t e r t h e r e a c t i o n the c h l o r o a c e t o n e was e x t r a c t e d w i t h e t h e r , and 

a f t e r r e m o v a l o f the s o l v e n t was c o n v e r t e d to i t s 2 , 4 - d i n i t r o p h e n y l -

h y d r a z o n e . The s p e c i f i c a c t i v i t y o f the d e r i v a t i v e was then measured 

i n a c e t o n e , and c o r r e c t i o n made f o r v a r i a t i o n i n c o u n t i n g r a t e v/ith 

s o l v e n t . The r e s u l t s o f s e v e r a l e x p e r i m e n t s a r e p r e s e n t e d i n T a b l e 

10, where the s p e c i f i c a c t i v i t i e s a r e r e p r e s e n t e d as p e r c e n t a g e s o f 

the i n i t i a l ClOH a c t i v i t y ; 

T a b l e 10 

I n i t i a l s i l v e r S p e c i f i c A c t i v i t y o f E x p e r i m e n t 
i o n c o n c e n t r a t i o n t h e c h l o r o a c e t o n e Number 
(moles l i t r e " ) p r o d u c e d o f 

i n i t i a l HOCl) 

0 62, 59 5, 7 

0.01 64 5 

0.025 - 0.05 86 9 

0.04 91 7 

0.05 83 5 

0.10 84 6 

A p p a r e n t l y an i n i t i a l s i l v e r i o n c o n c e n t r a t i o n of l e s s t h a n 

about 0.015 M a l l o w s about 35/o exchange, w h i l e a c o n c e n t r r . t i o n 

g r e a t e r t h a n 0.025 M r e d u c e s t h e e x t e n t o f exchange to 20^0 o r l e s s . 

Two p o s s i b l e t y p e s of mechanism c a n be e n v i s a g e d f o r t h i s 

exchange r e a c t i o n : 
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( a ) An i n t r a - m o l e c u l a r raechanisra, i n w h i c h the e n t e r i n t ; c h l o r 

i n e atom i n t e r a c t s w i t h the carbonium i o n i c c e n t r e , v.'hile a t the 

same t i m e t h e 2 - c h l o r i n e s u b s t i t u e n t i n t e r a c t s w i t h ce.rbon-1 ( l l ) . 

The tv/o c h l o r i r e e.tons c o u l d tJien beco.Je e q u i v a l e n t and f i n a l l y 

exchange, as i n I I I . 

CH^ = CCl.CH 

CH„ - co.cri 
36 C l 

IV 

C C l = CH 

T h i s mechanism c o u l d a c c o u n t f o r the r e d u c e d s p e c i f i c a c t i v i t y 

o f the c h l o r o a c e t o n e compared to the h y p o c h l o r o u s a c i d . F u r t h e r , i t 

would p r e d i c t ( i ) t h a t sone of the 2 , 3 - d i c h l o r o p r o p e n e produced vroulc 

be l a b e l l e d i n the 2- and some i n the 3- p o s i t i o n , and ( x i ) t h a t i t 

would r e t a i n the f u l l a c t i v i t y of t.>.e h y p o c h l o r o u s a c i d . These con

c l u s i o n s were s u b s e q u e n t l y t e s t e d . 

( b ) An i n t e r m o l e c u l a r exchanft-e, bet\;een the "^^ClOH and the 

i n a c t i v e c h l o r i d e i o n r e l e a s e d from the 2 - p o s i t i o n of the o l e f i n 

m o l e c u l e . 

36 ClOH + C l " ClOH + 36 C l -
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The l a b e l l e d c h l o r i d e i o n s xvould t h e n be p r e c i p i t a t e d by s i l v e r i o n s , 

and t h e u n l a b e l l e d h y p o c h l o r o u s a c i d would r e a c t w i t h the o l e f i n , 

y i e l d i n g a p r o d u c t o f d i m i n i s h e d a c t i v i t y . I t may seem s u r p r i s i n g 

t h a t t h e exchange p r o c e s s c o u l d c o n c e i v a b l y p r o c e e d a t a r a t e com

p a r a b l e to t h a t o f the r e a c t i o n o f s i l v e r w i t h c h l o r i d e i o n . T h i s 

p o i n t w i l l be d i s c u s s e d l a t e r w i t h r e g a r d to the f o r m a t i o n of s o l i d 

s i l v e r c h l o r i d e . I t might a l s o be c o n s i d e r e d a p o s s i b i l i t y t h a t the 

h y p o c h l o r o u s a c i d c o u l d exchange c h l o r i n e w i t h the s o l i d s i l v e r 

c h l o r i d e as w e l l as w i t h any o r g a n i c c h l o r i d e p r e s e n t i n s o l u t i o n . 

T h e s e l a s t p o s s i b i l i t i e s a r e d i s c o u n t e d by t h e e x p e r i m e n t a l evidence,] 

a s w i l l be s e e n l a t e r . 

A n e c e s s a r y r e q u i r e m e n t of the i n t e r m o l e c u l a r mechanism would 

be t h a t t h e 2 , 3 - d i c h l o r o p r o p e n e produced would be o f the same 

actiA'-ity a s the c h l o r o a c e t o n e produced, and v/ould be l a b e l l e d e x c l u 

s i v e l y i n the 3 - p o s i t i o n . 

D e t e r m i n a t i o n of the s p e c i f i c a c t i v i t y o f and the p o s i t i o n of 

la b e l l i n i E C i n 2 . 3 - d i c h l o r o p r o p e n e produced by the a d d i t i o n of 

Cl-OH to 2 - c h l o r o p r o p e n e 

An aqueous s o l u t i o n o f h y p o c h l o r o u s a c i d l a b e l l e d w i t h C I was 

added to an aqueous a c i d i c s o l u t i o n o f 2 - c h l o r o p r o p e n e c o n t a i n i n g an 

e x c e s s o f s i l v e r p e r c h l o r a t e . A f t e r r e a c t i o n , the s o l u t i o n was 

e x t r a c t e d w i t h pentane, t h e n w i t h e t h e r . The pentane e x t r a c t was 

e v a p o ^ r a t e d down, and the r a d i o a c t i v i t y o f the r e m a i n i n g , 2,3-

d i c h l o r o p r o p e n e measured i n a l c o h o l . The s p e c i f i c a c t i v i t 3 r of the 

c h l o r o a c e t o n e i s o l a t e d from the e t h e r e x t r a c t was a l s o measured, 
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a f t e r c o n v e r s i o n to the 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e , i n a c e t o n e . 

A f t e r making c o r r e c t i o n s f o r the v a r i a t i o n of the c o u n t i n g r a t e v/ith 

s o l v e n t , the s p e c i f i c a c t i v i t i e s o f the two p r o d u c t s were found to 

be i d e n t i c a l w i t h i n e x p e r i m e n t a l e r r o r ( a b o u t 88^ of the i n i t i a l 

C l O H ) . 

Now, i t h a s been shown t h a t t h e S - a l l y l t h i o u r o n i u m p i c r a t e o f 

CH^ = CCl.CH^'^^Cl has z e r o a c t i A f i t y , w i t h i n e x p e r i m e n t a l e r r o r . 

T h i s d e r i v a t i v e was made of the a c t i v e 2 , 3 - d i c h l o r o p r o p e n e produced 

i n the r e a c t i o n , and was found to r e t a i n about ifo o f the a c t i v i t y o f 

the o l e f i n . The 2 , 3 - d i c h l o r o p r o p e n e produced must t h e r e f o r e be a l 

most e x c l u s i v e l y 3 - l a b e l l e d . 

B oth o f t h e s e r e s u l t s , v i z the s p e c i f i c a c t i v i t y of the 2,3-

d i c h l o r o p r o p e n e p r o d u c e d b e i n g the same a s t h a t o f the c h l o r o a c e t o n e 

and the e x c l u s i v e 3 - l a b e l l i n g , argue a g a i n s t the a c c e p t a n c e of an 

i n t r a - m o l e c u l a r exchange mechanism. 

I t was t h e n a t t e m p t e d to g a i n d i r e c t e v i d e n c e f o r mechanism(b). 

Exchange r e a c t i o n s between c h l o r i d e i o n s and h y p o c h l o r o u s a c i d i n 

the p r e s e n c e o f e x c e s s s i l v e r i o n s 

A s o l u t i o n was nade up about 0.01 M i n l a b e l l e d h y p o c h l o r o u s 

a c i d , 0.1 M i n p e r c h l o r i c a c i d , and of a known e x c e s s c o n c e n t r a t i o n 

o f s i l v e r p e r c h l o r a t e . The s p e c i f i c a c t i v i t y o f the ClOH, computed 

a s c o u n t s p e r minute d i v i d e d by t i t r e a g a i n s t s t a n d a r d sodium 

t h i o s u l p h a t e s o l u t i o n , was measured, the n a known amount o f c h l o r i d e , 

s l i g h t l y i n e x c e s s o v e r t h e ClOH, was added i n the form of sodixim 

-90-



c h l o r i d e s o l u t i o n . A f t e r f i l t e r i n g o f f the p r e c i p i t a t e d s i l v e r 

c h l o r i d e , the s p e c i f i c a c t i v i t y o f the s o l u t i o n was measured. 

The e x p e r i m e n t was r e p e a t e d x^ith d i f f e r e n t e x c e s s c o n c e n t r a t i o n s 

o f s i l v e r and a l s o w i t h o u t s i l v e r ; i t was a l s o c a r r i e d out f o r the 

o t h e r h a l i d e i o n s , bromide and i o d i d e . 

The r e s u l t s , w h i c h were o b t a i n e d i n d u p l i c a t e w i t h v e r y good 

agreement, a r e p r e s e n t e d i n T a b l e 11. 

T a b l e 11 

H a l i d e I o n % Exchange 

Zero Ag+ .0175 M Ag+ .0350 M Ag+ 

C h l o r i d e 55 35 21 

Bromide 42 23 

I o d i d e 9^ 36 

C l e a r l y , t h e n , exchange between ClOH and c h l o r i d e i o n s can 

i n d e e d o c c u r i n the p r e s e n c e o f e x c e s s s i l v e r i o n s . 

I t s h o u l d be n o t e d t h a t the added amount of c h l o r i d e was about 

1.2 t i m e s t h a t o f ClOH and t h e r e f o r e the f i g u r e of 55/^ exchange i n 

the a b s e n c e o f s i l v e r c o r r e s p o n d s to f u l l e q u i l i b r a t i o n ; 

C I + ^^ClOH 7 » ^ ^ C l + ClOH 

w i t h an e q u i l i b r i u m c o n s t a n t , K, e q u a l to u n i t y ; 

K (C10H)_ ^ 
(<:i)(^^C10H) 
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F u r t h e r , the e x t e n t o f exchange f o r a g i v e n s i l v e r c o n c e n t r a t i o n 

c o r r e s p o n d s q u i t e c l o s e l y to the p e r c e n t a g e l o s s o f a c t i v i t y i n the 

p r o d u c t i o n o f c h l o r o a c e t o n e i n the a d d i t i o n r e a c t i o n , as v ; i l l be 

s e e n by a c o m p a r i s o n o f T a b l e s 10 and 11. 

The e x t e n t of the exchange v a r i e s , as would be e x p e c t e d , v / i t h 

v a r i a t i o n i n t h e n u c l e o p h i l i c i t y of the added a n i o n . S p e c i f i c a l l y , 

the n u c l e o p h i l i c power of the h a l i d e i o n s i n c r e a s e i n the o r d e r C l < 

B r < I , and t h e r e f o r e the e q u i l i b r i u m 

X " + ^^ClOHZlfxOH + ^ ^ C l ~ 

l i e s i n c r e a s i n g l y o v e r to the r i g h t . The c o n v e r s e o f t h i s was a l s o 

c h e c k e d by the a d d i t i o n of l a b e l l e d c h l o r i d e to hypobroraous a c i d . 

V e r y l i t t l e exchange o c c u r r e d . 

The i n f e r e n c e of t h i s s e r i e s of e x p e r i m e n t s i s t h a t mechanism 

( b ) i s o p e r a t i v e i n t h e a d d i t i o n o f ClOH to 2 - h a l o - o l e f i n s . 

T h i s c o n c l u s i o n was c o n f i r m e d f u r t h e r by the a d d i t i o n of ClOH 

to 2-bromopropene, when broraoacetone was d e t e c t e d i n the p r o d u c t s 

( s e e n e x t s e c t i o n ) . 

Two f i a r t h e r e x p e r i m e n t s were done i n an a t tempt to c l a r i f y the 

p r e c i s e n a t u r e o f t h i s exchange r e a c t i o n . 

( i ) C h l o r i d e i o n ( a s sodium c h l o r i d e s o l u t i o n ) of known 

s p e c i f i c a c t i v i t y was p r e c i p i t a t e d by the a d d i t i o n of e x c e s s s i l v e r 

i o n s . I n a c t i v e h^'-pochlorous a c i d was t h e n added, and the s o l u t i o n , 

c o n t a i n i n g the p r e c i p i t a t e d s i l v e r c h l o r i d e , w e l l s haken. Samples 
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o f the s o l u t i o n were d r a i m o f f from time to time, and t h e i r s p e c i f i c 

a c t i v i t y measured. The s o l u t i o n \iras o b s e r v e d to b e c o i e s l o w l y act.iye. 

But the r a t e o f exchange was many t i o e s s l o w e r t h a n the v e r y f a s t 

e x changes w i t h w h i c h we a r e c o n c e r n e d . F o r example, the CICII reached 

about 2 0 ^ o f the i n i t i a l a c t i v i t y o f the c h l o r i d e i n about 15 h o u r s . 

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

and t h e n t h i s t i n e i n a c t i v e c h l o r i d e i o n v/as added. The r a t e of 

i n c r e a s e i n the r a d i o a c t i v i t y of t h e s o l u t i o n v/as a g a i n f o l l o v / e d , 

and found to be of the sane o r d e r as the r e a c t i o n i n ( i ) . 

T h e s e r e s u l t s throw l i g h t on t h e p o s s i b i l i t y t h a t t h e AgCl^"*" 

s p e c i e s may be i n v o l v e d i n t h e exchange r e a c t i o n . As d e s c r i b e d i n 
117 

C h a p t e r 1, t h e r e i s e v i d e n c e f o r the e x i s t e n c e and s t a b i l i t A - - of 

Aglg"*"? and A r o t s k y and Syrnons"'"*^^ argued the.t the s p e c i e s AgCl^"*^ 

might be t h e c h l o r i n a t i n g agent i n e l e c t r o p h i l i c a r o m a t i c c h l o r i n -

a t i o n ; 
A g C l ( s ) + H^OCl"^ ^ » ^eClg"^ + 1-̂ 2° 
A g C l ^ ^ + ArH ^ A r C l + H"*" + A g C l ( s ) ( ? ) 

I t might be a r g u e d t h a t s t e p ( l ) would a c c o u n t f o r the o b s e r v e d 

c h l o r i n e - e x c h a n g e s . However, r e a c t i o n ( i ) above c l e a r l y shows tho.t 

AgCl/HOCl exchange i s v e r y much s l o w e r t h a n the exchange betx.-cen 

HOCl and C l ~ i n the p r e s e n c e o f e x c e s s Ag"*". I t would appear t h e r e 

f o r e t h a t t h e l a t t e r must t a k e p l a c e i n s o l u t i o n . 

A l s o , r e s u l t ( i i ) shows t h a t AgCl/HCCl exchange t a k e s p l ? c e a t 

much the sexne r a t e as A g C l / C l ~ exchange. S i n c e the l a t t e r c o u l d 

t a k e p l a c e v i a i n i t i a l s o l u t i o n and i o n i s a t i o n o f the AgCl, f o l l o w e d 
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by c h l o r i d e - e x c h a n g e i n s o l u t i o n ; i t seems l i k e l y t h a t the f o r u e r 

does n o t i n v o l v e p o s i t i v e c h l o r i n e exchange. However, a heterogen

eous p r o c e s s c a n n o t be r u l e d o u t . 

Anbar et^.sl.'^'^^ have u e a s u r e d the r a t e o f exchange between 

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

c a r r y i n g out t h e r e a c t i o n i n an a l k a l i n e medium, t h u s r e d u c i n g the 

c o n c e n t r a t i o n o f f r e e HOCl, w h i c h was thought to be the e n t i t y tak

i n g p a r t i n t he exchange. The r a t e \\7as g i v e n by the e x p r e s s i o n 

R a t e = k ( H C C l ) ( C l )(H'*") 

and k was fo\md to be 5.3 x lO"*""*" H""*" Sec.'''. I n n e u t r a l s o l u t i o n 

we might w r i t e 

R a t e = k-'-(HOCl)(Cl") 

k -1 -1 where k = 5.3 x 10 M S e c . , 

Now the c o l l i s i o n r a t e f o r 

Ag"^ + C l > AgCl 

119 
may be c a l c u l a t e d from the Debye e x p r e s s i o n . 

^ ^TTNZ^Z^ eo^(D^ + D^) 

lO^ekT^exp (z^z^e/ZekTo-)-11 
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where D̂ ^ and a r e the d i f f u s i o n c o e f f i c i e n t s of the two i o n s . By 

u s e of the v a l u e o f 7.5^ f o r 0", the e f f e c t i v e r e a c t i o n d i s t a n c e 

( a l t h o u g h k i s f a i r l y i n s e n s i t i v e to the c h o i c e o f C ) , and v a l u e s of 

and o b t a i n e d from i o n i c m o b i l i t i e s , the v a l u e of 3.2 x lO'''*̂  

M sec."*" i s c a l c u l a t e d f o r the e n c o u n t e r r a t e c o n s t a n t . ' ^ ^ ^ 

S i n c e i n t h e e x p e r i m e n t s d e s c r i b e d the c o n c e n t r a t i o n s of Ag^ 

and ClOH were o f the same o r d e r , the exchange r e a c t i o n i s a p p a r e n t l y 

n o t j u s t a s i m p l e m a t t e r of c o m p e t i t i o n betv/een Ag^ and HOCl f o r the 

c a p t u r e o f C I , s i n c e the p r e c i p i t a t i o n r e a c t i o n would be approxim

a t e l y 10^ f a s t e r . 

However, W e i l s e n has found, by the use o f a f l o w t e c h n i q u e , t h a t 

on m i x i n g Ag"*̂  and C l ~ i o n s , t h e r e i s an i n d u c t i o n p e r i o d b e f o r e 
121 

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

t , was g r e a t e s t a t low s a l t c o n c e n t r a t i o n and from a p l o t o f l o g t 

a g a i n s t l o g ( s a l t ) t h e number o f i o n s i n t h e c r i t i c a l n u c l e u s c o u l d 

be C a l c u l a t e d . I n the c a s e of s i l v e r c h l o r i d e t h i s was found t o be 

f i v e . 
A l s o , D a v i e s and J o n e s have s t u d i e d the r a t e o f p r e c i p i t a t i o n 

122 + -by c o n d u c t i v i t y measurements. A f t e r m i x i n g Ag and C I i o n s , the 

c o n d u c t a n c e o f a s o l u t i o n d e c r e a s e d u n t i l i t r e a c h e d a s t e a d y v a l u e . 

The r a t e o f p r e c i p i t a t i o n was h i g h l y dependent on the i n i t i a l con

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

t r a t i o n s . The work s u g g e s t e d t h a t Ag"*" - C l ~ p a i r s a g g r e g a t e d i n 

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

t a k e s p l a c e and s i l v e r c h l o r i d e i s p r e c i p i t a t e d . 
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The p r e s e n t work c o u l d be i n t e r p r e t e d , t h e r e f o r e , i n terms of 

f o r m a t i o n o f t h e s e i o n - p a i r a g g r e g a t e s , A i r h i c h c o u l d t h e n exchange 

c h l o r i n e w i t h an HOCl m o l e c u l e . The c o m p e t i t i o n i s t h u s between 

n u c l e a t i o n of the a g g r e g a t e to form s o l i d s i l v e r c h l o r i d e , and ex

change w i t h i n the a g g r e g a t e of C l - 3 6 w i t h a h y p o c h l o r o u s a c i d 

m o l e c u l e . 

Ag^ + ^^Cl 
r ^ 

i o n - p a i r a g g r e g a t e 

•̂ 6 
n u c l e a t i o n y Ag C l 

exchange ^ -^^ClOH 

ClOH 

S i n c e an i n c r e a s e i n the c o n c e n t r a t i o n of s i l v e r i o n s i n s o l u t i o n 

l e a d s to an i n c r e a s e i n t h e r a t e o f n u c l e a t i o n , l e s s exchange would 

be e x p e c t e d a t h i g h e r s i l v e r c o n c e n t r a t i o n s , as i s o b s e r v e d . 
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£ The a d d i t i o n o f h y o o c h l o r o u s a c i d to 2-bro.aopro,oone 

The r e a c t i o n was c a r r i e d out ±ii aqueous s o l u t i o n i n the p r e s 

ence o f 0,0k M s i l v e r p e r c h l o r a t e . A f t e r r e a c t i o n , t'. e s o l u t i o n VJP.S 

s u b j e c t e d to c o n t i n u o u s e t h e r e x t r a c t i o n , xv'hich, i t ^vas a s s ' c i e d , 

xi70uld e x t r a c t a l l p o s s i b l e p r o d u c t s . 

The r e s u l t i n g - m i x t u r e of p r o d u c t s was examined "^y vapour phase 

chromatography. Two peaks co " r e s p o n d i n i j r e s p e c t i v e l y to c h l o r c -

a c e t o n e and bro.aoacetone t;ere o b t a i n e d , ao w e l l ':s a t h i r d , x-hic'. 

c o u l d n o t b e i d e n t i f i e d . The p r o p o r t i o n s w e r e c a l c u l a . t e d by 

•Measurement o f the a r e a s n f the peaks o b t a i n e d : aosu^.tin^ t' a t t\±s 

a r e a i s p r o p o r t i o n a l to the x / e i j h t o f the conpomid i n j e c t e d , the 

c o m p o s i t i o n o f the p r o d u c t m i x t t i r e \fe.s c a l c u l a t e d a s : chloro£-.cetone, 

SZ.^'f-', bro.aoacetone, 11.0^,!; u n i d e n t i f i e d compound, 5.5^. 

The p r o d u c t i o n of bro :oa.cetone f u l f i l l s the e x p e c t a t i o n t h a t 

bromide i o n r e l e a s e d from C-2 i n 2-bro.aopropene s h o u l d exchan:.e v/ith 

HOCl to g i v e 3rCH, x/hich t h e n adds to the o l e f i n .z±v±ii._ the brojao-

k e t o n e . 

The e x p e r i m e n t a l r e s u l t s a r e c o n s i s t e n t x/ith the follow iii.^' r e 

a c t i o n scheme: 

CH^ = CBr - CH^ ^ ^ ^ ^ > % l l — p 3 r C H j ( l ) 

6 - C l ' 

K 0 p r o t o n l o s s ^ 2 

CI-IgClCOCH^ + 3 r -

B r ~ + ClOH < > BrOH + C l " 
AgCl'^S 
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6+ 
CH^ = CBr - CH^ CH^ - CBr - CH^ ( l l ) 

S - B r ' ' 

H^O p r o t o n l o s s 

CH^ - CO - CH^ + Br" 
I ^ ^ 
Br 

I t i s to be e x p e c t e d from p r e v i o u s d i s c u s s i o n t h a t o n l y the p r o d u c t s 

from 2 - a t t a c k of H^O and o f p r o t o n l o s s from C - 3 i n b o t h I and I I 

w i l l be formed. I f t h i s i s the c a s e , the unltnoxm compound would 

most l i k e l y be CH^Cl.CBr = CH^. Another p o s s i b i l i t y i s t h a t some 

h y d r o x y l a t i o n r e a c t i o n , c a t a l y s e d by s i l v e r i o n s , t a k e s p l a c e . 

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

a p o s s i b i l i t y w h i c h has been r u l e d out by c o m p a r i s o n o f the r e t e n t i o n 

time of the peak w i t h t h a t of a sample o f t h i s k e t o n e . 

I t s h o u l d be n o t e d t l i a t h e r e a mechanism i n v o l v i n g i n t r a 

m o l e c u l a r bromine-exchange has n o t been d i r e c t l y r u l e d out as i n the 

c a s e o f 2 - c h l o r o p r o p e n e ; however, t h e r e does not appear to be any 

n e c e s s i t y to p o s t u l a t e s u c h a mechanism, as i t has been shown i n the 

p r e s e n t work t h a t bromide i o n s exchange to a c o n s i d e r a b l e e x t e n t 

w i t h h y p o c h l o r o u s a c i d i n t h e p r e s e n c e o f e x c e s s s i l v e r i o n s . 

-98-



H P o s s i b l e bromine atom p a r t i c i p a t i o n i n e l e c t r o p h i l i c 

a d d i t i o n to b r o m o - a l k e n e s 

The f o l l o w i n g r a t e c o n s t a n t s xirere o b t a i n e d f o r the a d d i t i o n of 

i o d i n e i n aqueous s o l u t i o n to the s e r i e s CH = CH(CrI ) B r . 

T a b l e 13 

V a l u e o f n i n k^(moleT'''l.min7''') 

CH^ = CH(CH2)^Br 

1 0.0^2 

2 0.68 

3 3.3 

h 2.3: 

S i m p l e i n s p e c t i o n of t he r a t e c o n s t a n t s g i v e s some i n d i c a t i o n 

t h a t we have a r a t e enhancement f o r n = 3> s i n c e xve have a r a t e 

maximum h e r e , whereas one x\7ould e x p e c t an i n c r e a s e throughout the 

s e r i e s n = 1 to n = 4 s i n c e the i n d u c t i v e e f f e c t of the bromo-

s u b s t i t u e n t becomes l e s s e f f e c t i v e as i t i s r e i T i o v e d s u c c e s s i v e l y 

f u r t h e r from the r e a c t i o n c e n t r e . The r a t e c o n s t a n t s f o r bromin-

a t i o n of the same s e r i e s of compounds i n c r e a s e s t e a d i l y from n = 1 

to n = k and csm be s a t i s f a c t o r i l y a n a l y s e d by assuniing t h a t the 

i n d u c t i v e e f f e c t f a l l s o f f by a c o n s t a n t f a c t o r ( t ) p e r methylene 
group.73b 
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I f we w r i t e t h e i n d u c t i v e e f f e c t as 

A l o g k = l o g k j j - l o g k^ 

where k̂ ^ and k ^ a r e t h e r a t e c o n s t a n t s f o r the u n s u b s t i t u t e d and 

s u b s t i t u t e d compounds r e s p e c t i v e l y , t h e n 

A l o g k = ™ ( A l o g k ) 

whence 

l o g ( 2̂  l o g k^) = (n-m) l o g £ + l o g ( ̂  l o g k̂ _̂ ) 

A p l o t o f l o g ( A. l o g k^) a g a i n s t the number of c a r b o n atoms i n the 

c h a i n s h o u l d g i v e a s t r a i g h t l i n e of s l o p e l o g €. Any r a t e enh;;nce-

ments can be p i c k e d out i f t h e p o i n t s l i e s u b s t a n t i a l l y below the 

l i n e . T h i s method h a s been u s e d e x t e n s i v e l y by P e t e r s o n e_t.al^. f o r 
70 

c h a i n l e n g t h s up to 10 or more c a r b o n atoms. F o r the b r o j i n a t i o n 

o f the s e r i e s C H ^ = C H ( C H 2 ) ^ 3 r i n methanol, a good s t r a i g h t l i n e i s 

o b t a i n e d , from w h i c h & = 0.42, i n d i c a t i n g no r a t e enhancement due t o 

n e i g h b o u r i n g group p a r t i c i p a t i o n . S i m i l a r c a l c u l a t i o n s f o r the 

C H ^ = C H ( C H 2 ) ^ 0 H s e r i e s showed a d e f i n i t e r a t e enJianceraent f o r n = 3 

f o r bromination,''''^^ and k A / k s ( t h e r a t i o o f the r a t e c o n s t a n t o f 

t h e a s s i s t e d to t h a t of the n o n - a s s i s t e d r e a c t i o n ) was c a l c u l a t e d to 

be 
1.5. ^'or the i o d i n a t i o n o f t h i s s e r i e s , k^^ / k s f o r n = 3 was 
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£a.60. '^he v a l u e s o f k A / k s x^ere s m a l l e r a t n = 4, shox-;ing c l e a r l y 

t h a t OH-5 p a r t i c i p a t i o n i s more f a v o u r e d i n t h i s s y stem t h a n OH-6 

p a r t i c i p a t i o n . 

No f i g u r e s a r e a v a i l a b l e f o r the i o d i n a t i o n of the u n s u b s t i t u t e d 

o l e f i n s CH^ = C H ( C H 2 ) ^ H and so the c a l c u l a t i o n s cemnot be c a r r i e d oxit 

i n the same xvay. I f , however, one assumes t h a t k^j does n o t v a r y 

much w i t h n ( t h e r e a r e o n l y s m a l l changes i n the r a t e s o f brominatZi 

and t h a t t h e r e i s no p a r t i c i p a t i o n f o r n = 1 and n = 2 gind a d d i t i o n 

a l l y t h a t e = 0.58 a s found f o r b r o m i n a t i o n of the a l c o h o l s e r i e s i n 

w a t e r , t h e n e s t i m a t e s c a n be made f o r k s ( u n a s s i s t e d r a t e c o n s t a n t s ) 

f o r n = 3 and n = 4. The v a l u e s c a l c u l a t e d a r e 3.^ and 7.6 l.raole"''' 

rain."''" r e s p e c t i v e l y , i . e . the r a t e f o r n = 4 i s a c t u a l l y c a l c u l a t e d 

to be l a r g e r t h a n the o b s e r v e d v a l u e . I f one u s e s E = 0.42 ( a s i n 

b r o m i n a t i o n of the bromide s e r i e s i n l e t h a n o l ) the c o r r e s p o n d i n g 

v a l u e s a r e 2.1 and 3.5 LmoleT'^'rain.''' O b v i o u s l y the d a t a on the 

i o d i n a t i o n o f the bromide s e r i e s i n xvater cannot be s a t i s f a c t o r i l y 

a n a l y s e d i n t h i s way. I t i s c l e a r t h a t i f t h e r e i_s any B r - 5 p a r t i c i - l 

p a t i o n ( a s s u g g e s t e d by the r a t e maximxam a t n = 3) then the magnitude| 

of t h e e f f e c t i s s m a l l - c e r t a i n l y v e r y much s m a l l e r t h a n the c o r 

r e s p o n d i n g OH-5 p a r t i c i p a t i o n - and w i t h s u c h s m a l l e f f e c t s the 

a s s u m p t i o n s made i n t h e t r e a t m e n t cannot be j u s t i f i e d to the degree 

o f a c c u r a c y r e q u i r e d to e n a b l e any q u a n t i t a t i v e e s t i m a t i o n of the 

e f f e c t . 

I n c o n c l u s i o n one c a n s a y t h a t t h e r e i s e v i d e n c e from the r a t e s 

o f i o d i n a t i o n t h a t t h e five-membered bromonixam i o n \ : 
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I-CH^-CH CH^ M / ̂  
Br CH-
+ 2 

i s i n v o l v e d i n the r e a c t i o n o f i o d i n e w i t h 5-bronopentene, althou4;h 

i t i s p r o b a b l e t h a t o n l y a s m a l l p a r t o f the o v e r a l l r e a c t i o n p r o 

ceeds v i a t h i s i o n , i n c o n t r a s t t o OH-5 p a r t i c i p a t i o n , w h i c h i n 

i o d i n a t i o n i s t h e dominant r e a c t i o n , v i r t u a l l y 100^ i n v o l v i n g the 

oxoniura i o n : 

CH„ 

I-CH_-CH CH_ 
^ \ + / 

I t i s l i k e l y t h a t p a r t i c i p a t i o n by n e i g h b o u r i n g halogen s u b s t i t u e n t s 

becomes i n c r e a s i n g l y i m p o r t a n t as the n u c l e o p h i l i c i t y o f t h e s o l v e n t 

i s r e d u c e d , c o n s e q u e n t l y i t would be o f i n t e r e s t t o examine the 

i o d i n a t i o n and b r o r . i i n a t i o n o f the s e r i e s CH^ = CH(CH2 )j^Hal. i n s o l 

v e n t s such as a c e t i c a c i d o r b e t t e r s t i l l t r i f l u o r o a c e t i c a c i d . 
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CHAPTER 3. 

EXPERIMENTAL 

PART I . PREPARATION OF MATERIALS 

107 
1. Hypochlorous A c i d 

M e r c u r i c o x i d e was p r e p a r e d i n a f r e s h l y p r e c i p i t a t e d f o r m by 

d i s o l v i n g y e l l o w n e r c u r i c o x i d e i n c o n c e n t r a t e d n i t r i c a c i d , then 

n e u t r a l i s i n g w i t h c a u s t i c soda s o l u t i o n . The p r e c i p i t a t e v/as v/ashed 

s e v e r a l t i m e s w i t h d i s t i l l e d w a t e r , the a p p r o p r i a t e v o l u n e o f uater 

added, and c h l o r i n e gas bu b b l e d t h r o u g h u n t i l the r e s u l t i n . , ' c h l o r i n e 

w a t e r was a j ^ p r o x i a a t e l y 0.15 molar. S t a n d a r d i s a t i o n was by a d d i t i o n 

o f excess p o t a s s i u m i o d i d e t o an a l i q u o t o f the i s o l u t i o n and t i t r 

a t i o n o f t h e l i b e r a t e d i o d i n e w i t h s t a n d a r d 0.1 N sodium t h i o s u l p h a t e | 

s o l u t i o n . The c h l o r i n e water was t h e n d i s t i l l e d d i r e c t fro-n the 

m e r c u r i c o x i d e under reduced p r e s s u r e , a t about 35°C, usin;;- an i c e d -

w a t e r c o n d e n s e r , and c o l l e c t e d i n a f l a s k surrounded by i c e . A 

r o t a r y e v a p o r a t o r was used so as t o reduce bu^uping. I t v/as a d T r i s a b l e ] 

t o use t h e h y p o c h l o r o u s a c i d v e r y s h o r t l y a f t e r p r e p a r a t i o n , as even 

a t 0°C soiae d e c o - . p o s i t i o n t o c h l o r i n e t o o k p l a c e . (However, the 0 1 ^ 

c o u l d be removed f r o m a s o l u t i o n o f HOCl by shaking up w i t a ..lore 

f r e s h l y p r e c i p i t a t e d . i i e r c u r i c o x i d e and d e c a n t i n g . ) 

Hypochlorous a c i d l a b e l l e d w i t h 01 can be p r e p a r e d by adding 

H-^^Cl s o l u t i o n ( c o i i i J e r c i a l l y a v a i l a b l e ) t o the c h l o r i n e water b e f o r e 
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d i s t i l l a t i o n , 

123 2. Hypobromous A c i d 

S i l v e r phosphate (Ag^PO^) was p r e c i p i t a t e d f r o m s o l u t i o n by 

the a d d i t i o n o f a s o l u t i o n o f d i s o d i u m hydrogen phosphate (Na^HPO^^ -

70 grams) t o a s o l u t i o n o f s i l v e r n i t r a t e (30 grams). T h i s y e l l o w 

p r e c i p i t a t e was washed t h o r o u g h l y , s i x o r seven t i i i e s , w i t h d i s t i l 2 e d 

w a t e r . 500 mis. o f w a t e r were t h e n added, f o l l o w e d by 7 mis. o f 

l i q u i d bromine. The m i x t u r e was t h e n d i s t i l l e d under reduced p r e s 

sure f r o m a w a t e r b a t h a t about 32°C, u s i n g a r o t a r y e v a p o r a t o r . As 

w i t h h y p o c h l o r o u s a c i d , i c e d water was c i r c u l a t e d t h r o u g h t h e con

denser, and i c e was used t o surroiand the c o l l e c t i n g v e s s e l . The 

c o n c e n t r a t i o n o f t h e hypobromous a c i d d i s t i l l e d over - d e t e r m i n e d 

by t i t r a t i o n with s t a n d a r d sodium t h i o s u l p h a t e - was about O.15 

molar. 

3. 2 - c h l o r o p r o p e n e 
12^ 

( a ) The a c t i o n o f PCl^ on acetone. A n a l a r acetone was added 

f r o m a d r o p p i n g f u n n e l on t o phosphorus p e n t a c h l o r i d e . A v i g o r o u s 

r e a c t i o n t o o k p l a c e , and the 2 - c h l o r o p r o p e n e e v o l v e d d i s t i l l e d over 

w i t h o u t the need f o r e x t e r n a l h e a t . I c e - c o l d w a ter xvas c i r c u l a t e d 

t h r o u g h the condenser, and the p r o d u c t was c o l l e c t e d i n c h i l l e d 

w a t e r . I t was washed w i t h x-tater s e v e r a l t i m e s , t h e n w i t h sodiurn 

b i c a r b o n a t e s o l u t i o n t o remove HCl, d r i e d over anhydrous magnesium 

s u l p h a t e , and f r a c t i o n a t e d . The f r a c t i o n b o i l i n g a t 22 - 23° was 
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c o l l e c t e d and s t o r e d i n a w e l l - s t o p p e r e d f l a s k a t -10°. Great care 

s h o u l d be t a k e n t o keep t h i s compound a t as low a temperature as 

p o s s i b l e , because o f i t s h i g h v o l a t i l i t y . 

( b ) The a c t i o n o f a l k a l i on 2. 2-dichloropropane.''"^^ A weighed 

amount o f p o t a s s i u m was d i s s o l v e d i n s m a l l amounts i n a l l y l a l c o h o l 

i n an atmosphere o f n i t r o g e n . The s o l u t i o n was heated t i l l b o i l i n g 

(168°), when 2 , 2 - d i c h l o r o p r o p a n e ( b . p t . 7 0 ° ) was added i n more amyl 

a l c o h o l . The 2 - c h l o r o p r o p e n e produced was a l l o w e d t o d i s t i l up 

t h r o u g h a r e f l u x condenser surrounded by v/pter a t about ^:0°, so as t o 

condense o u t t h e r e a c t a n t aiid t he s o l v e n t . The p r o d u c t ( b . p t . 2 3 ° ) 

was c o l l e c t e d i n a c h i l l e d f l a s k ; t he y i e l d was about 6 5 ^ o f the 

t h e o r e t i c a l . I t was t h e n f r a c t i o n a t e d , a g a i n i n t o a c h i l l e d f l a s k , 

a d r y i n g tube b e i n g a t t a c h e d t o t h e a i r o u t l e t t o a v o i d the conden

s a t i o n o f w a t e r on t o the p r o d u c t . 

( c ) The a c t i o n o f p o t a s s i u L a h y d r o x i d e on 1, 2 - d i c h l o r o p r o p a n e . "̂ ^̂  A 

3-necked I L . f l a s k was f i t t e d w i t h a mechanical s t i r r e r , a d r o p p i n g 

f u n n e l and a column about 70 cm. l o n g w i t h a side-arm t o which v/as 

a t t a c h e d an i c e d - w a t e r condenser l e a d i n g t o a c o l l e c t i n g f l a s k s u r 

rounded by i c e . About 225 gm. o f p o t a s s i u m h y d r o x i d e were p u t i n 

th e f l a s k , and about 225 gn- o f o r d i n a r y a l c o h o l ("neths")« ^he 

m i x t u r e was s t i r r e d , and 30" gni' o f 1 , 2 - d i c h l o r o p r o p a n e g r a d u a l l y 

added. At f i r s t , n o t a l l the p o t a s s i u m h y d r o x i d e d i s s o l v e d , as 

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

proceeded. Heat was a p p l i e d t o t h e r e a c t i o n v e s s e l ; a t about 40°C, 

c r y s t a l s o f potassii^m c h l o r i d e f i r s t appeared, and a t 60-65° the 

r e a c t i o n was observed t o be p r o c e e d i n g q u i t e v i g o r o u s l y . Towards 
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the end o f t h e r e a c t i o n , when a l l t h e 1 , 2 - d i c h l o r o p r o p a n e had been 

added, t h e t e m p e r a t u r e was r a i s e d t o a p p r o x i i i i a t e l y 75°C t o remove 

a l l t h e p r o d u c t . The t e m p e r a t u r e o f the d i s t i l l a t e v a r i e d between 

23°C and 40°C. The t o t a l y i e l d o f mixed c h l o r o p r o p e n e s ( 2 - c h l o r o 

propene and the i s o i n e r s o f 1 - c h l o r o p r o p e n e ) was 158 gra.as. On 

a t t e m p t i n g a s e p a r a t i o n o f the c h l o r o p r o p e n e s on a f r a c t i o n a t i n g 

column, t h e d i s t i l l a t e came over a t a h i g h and n o t v e r y steady tem

p e r a t u r e . T h i s may have been due t o i n e f f i c i e n t p a c k i n g o f the 

co l i i m n , as g l a s s h e l i c e s o f a s u i t a b l e s i z e were n o t a t t h a t time 

a v a i l a b l e . S e p a r a t i o n v/as t h e r e f o r e a c h i e v e d by t h e use o f a p r e 

p a r a t i v e s c a l e vapour phase chromatographie machine ( t h e P e r k i n 

Elmer ' A u t o p r e p ' ) . The u l t i r / i a t e y i e l d o f pure p r o d u c t was r a t h e r 

sn3.ll, and i t v/as n o t t h o u g h t t h a t e i t h e r method ( b ) or ( c ) had 

p r o v e d themselves any s u p e r i o r t o t h e u s u a l method ( a ) . 
127 

k. 2-bromopropene. 

F i r s t l y , sodiu*n phenate was p r e p a r e d by the a d d i t i o n o f c a u s t i c 

soda ( i n aqueous s o l u t i o n ) t o an e q u i v a l e n t q u a n t i t y of p h e n o l . The 

l a t t e r d i s s o l v e s r e a d i l y , and the w a t e r was d i s t i l l e d o f f under r e 

duced p r e s s u r e on the r o t a r y e v a p o r a t o r . The r e s i d v a l w h i t e s o l i d 

was washed s e v e r a l t i m e s w i t h acetone on a Buchner f u n n e l . 

100 grams o f sodium phenate wei-e t h e n t a k e n , and d i s s o l v e d as 

f a r as p o s s i b l e i n 500 rals. o f e t h a n o l . 100 grams o f 1,2-dibromo-

propane, a l s o i n e t h a n o l , were added, and the f i x t u r e r e f l u x e d f o r 

k h o u r s . 

P r o d u c t d i s t i l l e d over a t 48-50°, and proved on e x a m i n a t i o n by 

vapour phase chromatography t o be a m i x t u r e o f 1- and 2-bromopropenfi3. -106-



T h i s was d r i e d over anhydrous magnesiuiu s u l p h a t e , t h e n c a r e f u l l y 

f r a c t i o n a t e d f r o m an o i l b a t h , u s i n g a l o n g column packed w i t h s m a l l 

g l a s s h e l i c e s . 2-bromopropene was c o l l e c t e d a t 48°C a t o n e - t e n t h o f 

t h e r e f l u x r a t e and p r o v e d t o be almost c o m p l e t e l y f r e e f r o m 1-

bromopropene, as shown by vapour phase chromatographic a n a l y s i s . 

5• ( C l ) - c h l o r o a c e t o n e . 

A l l methods o f p r e p a r a t i o n o f c h l o r o a c e t o n e ( b . p t . l l 9 ° ) by 

c h l o r i n a t i o n o f acetone i n v a r i a b l y l e a d t o the p r o d u c t i o n o f a 

s i g n i f i c a n t q u a n t i t y o f 1, l - d i c h l o r o a c o t o n e ( b . p t . l 2 0 ° ) , v/hich i s 

d i f f i c u l t t o s e p a r a t e f r o m the monochloro compound. The d i c h l o r o 

compound i s presumably formed by t h e f u r t h e r c h l o r i n a t i o n o f t h e 

v e r y r e a c t i v e e n o l f o r m o f c h l o r o a c e t o n e j 

,:0H 0 
<̂  P1 OH ^ r.H on. OH 7 » OH = C.CH- ) CH.C.CH-2 J J ^ j J 

C l 01 ( C l ^ ) 

The f o l l o w i n g f o u r methods o f p r e p a r a t i o n were a t t e m p t e d , w i t h 

v a r y i n g degrees o f success. 

( a ) The a c t i o n o f c h l o r i n e water on acetone. 2.5 L. o f d i s t i l l e d 

w a t e r were s a t u r a t e d w i t h c h l o r i n e (about 0.1 M ) , and 3 ml. o f a 

s o l u t i o n o f -^^01 - l a b e l l e d h y d r o c h l o r i c a c i d ( 2 . 2 4 N , s p e c i f i c 

a c t i v i t y l^l^2 m i c r o c u r i e s per gm. o f c h l o r i n e ) added. The s o l u t i o n 

was a c i d i f i e d v ; i t h 25 m l . cone, s u l p h u r i c a c i d , and an excess o f 

AnalaR acetone added. The c o l o u r o f c h l o r i n e d i s a p p e a r e d a f t e r two 

or t h r e e days, when the s o l u t i o n was s a t u r a t e d w i t h sodiiam s u l p h a t e 

and e x t r a c t e d w i t h e t h e r . The s o l v e n t l a y e r was d r i e d over anhydrousj 
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magnesium s u l p h a t e , and d i s t i l l e d t h r o u g h a V i g r e u x column. A f t e r 

th e e t h e r had d i s t i l l e d (35°), excess acetone came over (56°). The 

r e m a i n i n g p r o d u c t was f r a c t i o n a t e d and c o l l e c t e d a t 119-121°. 

A n a l y s i s on a P e r k i n Elmer Vapotir Phase Gas Chromatograph showed two 

components ( i d e n t i f i e d by comparison \\'ith a u t h e n t i c samples), c h l o r o -

acetone ( a b o u t 95/") and 1 , 1 - d i c h l o r o a c e t o n e (about 5 ^ ) . S e p a r a t i o n 

o f these compounds was p o s s i b l e by use o f a p r e p a r a t i v e s c a l e ciiroma-

t o g r a p h , i n t h i s case t h e P e r k i n Elmer Autop r e p , b u t r e c o v e r y o f 

m a t e r i a l was v e r y low, about 35^« 

( b ) The a d d i t i o n o f c h l o r i n e t o 2-chl o r o p r o p e n e . C h l o r i n e gas was 

passed i n t o d i s t i l l e d w a t e r , w i t h v i g o r o u s s h a k i n g t o a i d s o l u t i o n , 

u n t i l t h e c o n c e n t r a t i o n \i7as about 0.1 molar. The s o l u t i o n was s t a n 

d a r d i s e d by t h e a d d i t i o n o f excess p o t a s s i u m i o d i d e t o an a l i q u o t , 

and t i t r a t i o n w i t h s t a n d a r d 0.1 N t h i o s u l p h a t e . L a b e l l e d h y d r o c h l c r i c 

a c i d was added. The c h l o r i n e w a t e r ( l ^ t b e l l e d w i t h 01) was the n 

added f r o m a d r o p p i n g f u n n e l on t o a s o l u t i o n o f an excess amount o f 

2- c h l o r o p r o p e n e i n w a t e r , w h i c h was c h i l l e d , so as t o reduce evapor

a t i o n . The f l a s k used f o r t h e r e a c t i o n was a l s o f i t t e d w i t h a d r y i n g 

p i s t o l f i l l e d w i t h s o l i d carbon d i o x i d e , i n o r d e r t o p r e v e n t evapor

a t i o n o f t h e o l e f i n as f a r as p o s s i b l e . A f t e r s a l t i n g out x f i t h 

sodium s u l p h a t e , the aqueous s o l u t i o n was c o n t i n u o u s l y e x t r a c t e d w i t h 

e t h e r f o r about 15 h o u r s . P r i o r removal o f the 2 , 3 - d i c h l o r o p r o p e n e 

a l s o produced i n t h e r e a c t i o n was a t t e m p t e d , u s i n g hexane, b u t i t 

was f o u n d t h a t r a t h e r t o o much c h l o r o a c e t o n e i s e x t r a c t e d a t the same 

t i m e . The e t h e r and w a t e r l a y e r s were t h e n s e p a r a t e d , t he e t h e r 
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l a y e r d r i e d , and the e t h e r d i s t i l l e d o f f . Since d i s t i l l a t i o n o f the 

c h l o r o a c e t o n e a t atmospheric p r e s s u r e tended t o produce c h a r r i n g , 

the p r o d u c t was d i s t i l l e d under reduced p r e s s u r e . The lowe r b o i l i n g 

p o i n t ( a bout 50°C a t 3 cm.Hg p r e s s u r e ) here d i d n o t cause c h a r r i n g , 

and c h l o r o a c e t o n e was o b t a i n e d i n an almost pure s t a t e , as shoivn by 

the vapour phase chroraatograph t r a c e s . 
128 

( c ) E l e c t r o l y s i s o f HCl i n acetone. A c i r c u i t v/as s e t up as 

shown, w i t h c u r r e n t p a s s i n g between p l a t i n u m e l e c t r o d e s t h r o u g h a 

s o l u t i o n c o n t a i n i n g c o n c e n t r a t e d hydrogen c h l o r i d e , a c t i v e hydro

c h l o r i c a c i d and excess A n a l a r acetone. Since o n l y s m a l l e l e c t r o d e s 

(6) 
X y 
H f-

( s u r f a c e a r e a *(Out 1 cm.*^) were a v a i l a b l e , and t h e recommended c u r -

r e n t d e n s i t y was 0.1 amp.c::i. , s i x e l e c t r o d e s were connected i n 

p a r a l l e l a t X, and s i x a t Y, so as t o i n c r e a s e t he r a t e o f p r o d u c t i o n | 

o f c h l o r o a c e t o n e . The r h e o s t a t was used t o a d j u s t t he c u r r e n t t o 

0.6 amp., and the r e a c t i o n l e f t f o r about 30 h o u r s , w i t h o c c a s i o n a l 

a d d i t i o n o f acetone t o r e p l a c e t h a t w h i c h was p r o b a b l y l o s t by 

e v a p o r a t i o n caused by t h e heat developed d u r i n g the e l e c t r o l y s i s . 

The s o l u t i o n was e x t r a c t e d w i t h e t h e r , and the e t h e r e x t r a c t 

d r i e d over anhydrous magnesium s u l p h a t e . The e t h e r was d i s t i l l e d 

o f f , and t h e n t he p r o d u c t was d i s t i l l e d o ver, p r o v i n g t o be v e r y 

p u r e . 

-109-



( d ) H y d r a t i o n o f ( 3--^^Cl)-2 . 3 - d i c h l o r o p r o p e n e . "'•̂ ^ S i x p a r t s of 

c o n c e n t r a t e d h y d r o c h l o r i c a c i d were added t o one p a r t o f CK^ = CCl. 

CH^ 01 ( p r e p a r e d as d e s c r i b e d l a t e r ) . Care was tak e n d u r i n g t h i s 

a d d i t i o n , as fumes were r a t h e r v i o l e n t l y e v o l v e d . T h i s r e a c t a n t 

s o l u t i o n was t h e n c a u t i o u s l y added, w i t h sha!<;ing, t o a f a i r l ^ r l a r g e 

excess o f an aqueous s o l u t i o n o f s i l v e r s u l p h a t e . A f t e r l e a v i n g f o r 

an hour or so, the s o l u t i o n was s a l t e d out and e x t r r . c t e ; i w i t h e t h e r . 

The e t h e r was d i s t i l l e d o f f , and the c h l o r o a c e t o n e d i s t i l l e d a t 

about 40° under a p r e s s u r e o f about 20 mm. The p r o d u c t v/as over 

99/̂ 5 p u r e . 

Measurement o f R a d i o a c t i v i t y 

A l l measurements were c a r r i e d o u t u s i n g a G e i g e r - I I u l l e r c o u n t e r 

v / i t h a tube d e s i g n e d f o r l i q u i d c o i i n t i n g . R a d i o a c t i v i t y i s expressed] 

as the " s p e c i f i c a c t i v i t y " , i n counts minT"*" raoleT''' l i t r e . The 

c o u n t i n g r a t e i n a l l cases has been c o r r e c t e d f o r background r a d i a 

t i o n and f o r the change o f s o l v e n t , where a p p r o p r i a t e . U s u e l l y , of 

t h e o r d e r o f 10,000 coionts were made, g i v i n g a - 1/^ s t a t i s t i c a l e r r o r | 

i n t h e s p e c i f i c a c t i v i t y . 

6. Bromoacetone 

Acetone v/as b r o m i n a t e d by an e q u i v a l e n t q u c o i t i t y o f bromine i n 

the presence o f m i n e r a l a c i d . The p r o d u c t was e x t r a c t e d i n t o e t h e r 

a f t e r s a l t i n g o u t w i t h sodiUin s i ' l p h a t e . The e t h e r s o l u t i o n was d r i e d | 

o v er anhydrous magnesium s u l p h a t e , and t h e e t h e r d i s t i l l e d o f f under 

r e d u c e d p r e s s u r e on t h e r o t a r y e v a p o r a t o r . The r e s u l t i n g bromoacetorE| 

was d i s t i l l e d under reduced p r e s s u r e , and a VPC t r a c e showed i t t o 

be p u r e . 
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7. 3-('^^Cl) - 2, 3 - d i c h l o r o p r o p e n e ^ ^ 

U n l a b e l l e d o l e f i n , w h i c h i s a v a i l a b l e c o m m e r c i a l l y , was r e f l u x -

ed i n p u r e , d r i e d acetone ( p r e p a r e d by r e f l u x i n g over potassituo per

manganate and p o t a s s i u m h y d r o x i d e emd the n d i s t i l l i n g ) c o n t a i n i n g 

L i 01 ( t h e l a t t e r was p r e p a r e d by adding an excess o f l i t h i u m c a r -

bonate t o the c o m m e r c i a l l y a v a i l a b l e H Cl l o n t i l -the s o l u t i o n i s 

n e u t r a l ) . A f t e r r e f l u x i n g f o r a b o u t kO h o u r s , the l i t h i u j c h l o r i d e 

' and most o f the acetone were e x t r a c t e d w i t h i c e - c o l d water. The 

o l e f i n was t h e n shaken w i t h f e r r o u s s u l p h a t e , washed w i t h w a t e r , 

d r i e d over anhydrous magnesium s u l p h a t e , and f r a c t i o n a t e d . The 

b o i l i n g p o i n t a t at m o s p h e r i c p r e s s u r e was 93°C. 

8. C o n v e r s i o n o f l a b e l l e d h y p o c h l o r o u s a c i d t o a d e r i v a t i v e 

s u i t a b l e f o r d e t e r m i n i n g t he c o u n t i n g r a t e 

( a ) C o n v e r s i o n t o 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e o f c h l o r o a c e t o n e . A 

sample o f the HO-^^Cl was a c i d i f i e d , and a s l i g h t excess o f A n a l a r 

acetone was added. The s o l u t i o n was a l l o w e d t o s t a n d , w i t h occas

i o n a l s h a k i n g , t i l l t h e s m e l l o f c h l o r i n e had di s a p p e a r e d , which 

t o o k about two days. The c h l o r o a c e t o n e was e x t r a c t e d f r o r i the ace

tone w i t h e t h e r , t h e n t he e t h e r d i s t i l l e d o f f . Then a s o l u t i o n was 

made up o f 2 grams.of 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e i n 10 mis. o f con

c e n t r a t e d s u l p h u r i c a c i d , and added t o a m i x t u r e o f 50 mis. e t h a n o l 

and 125 mis. w a t e r . T h i s was f i l t e r e d , and 1 gram o f c h l o r o a c e t o n e 

was added t o t h e f i l t r a t e . On s t a n d i n g o v e r n i g h t , a y e l l o w p r e c i p i 

t a t e was o b t a i n e d , w h i c h was r e c r y s t a l l i s e d f r o : i a l c o h o l ; The 

s p e c i f i c a c t i v i t y was t h e n measured i n acetone. 
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( b ) C o n v e r s i o n t o l i t h i u m c h l o r i d e . A s m a l l excess o f l i t h i u m c a r 

bonate was added t o a p o r t i o n o f the hy p o c h l o r o u s a c i d and s u l p h u r 

d i o x i d e passed u n t i l e f f e r v e s c e n c e ceased. The xvater v/as the n remov

ed on a r o t a r y e v a p o r a t o r , and the r e m a i n i n g l i t h i u m c h l o r i d e e x t r a c 

t e d i n t o a l c o h o l , i n which s o l v e n t t he a c t i v i t y was :easured. The 

c h l o r i d e i o n was d e t e r m i n e d by t i t r a t i o n ( V o l h a r d ' s method). 

( c ) C o n v e r s i o n t o s i l v e r c h l o r i d e . The u n e x p e c t e d l y low r e c o v e r y 

o f l i t h i u j T i i c h l o r i d e i n the above e x p e r i m e n t suggested t h a t n o t a l l 

the c h l o r i n e was b e i n g c o n v e r t e d t o the c h l o r i d e s p e c i e s . A c c o r d i n g 

l y , s u l p h u r d i o x i d e was passed i n t o a s o l u t i o n o f the hypochlorous 

a c i d c o n t a i n i n g excess s i l v e r n i t r a t e and a c i d i f i e d v / i t h n i t r i c a c i d . 

The p r e c i p i t a t e d s i l v e r c h l o r i d e v/as f i l t e r e d o f f on a Buchner 

f u n n e l , washed w i t h v/ater, d i s s o l v e d i n 0.880 ammonia, and r e p r e c i p i -

t a t e d w i t h d i l u t e n i t r i c a c i d . The p r e c i p i t a t e v/as a g a i n f i l t e r e d on 

a Buchner f u n n e l , and washed s u c c e s s i v e l y w i t h w a t e r , e t h a n o l , and 

acetone. 

I t was t h e n d r i e d and a s t a n d a r d s o l u t i o n made up i n 0.Q80 

ammonia, t o d e t e r m i n e t h e s p e c i f i c a c t i v i t y . 

I n o r d e r t o r e l a t e t h e c o u n t i n g r a t e i n ammonia t o t h a t i n 

w a t e r , a p o r t i o n o f t h e s i l v e r c h l o r i d e vias c o n v e r t e d t o sodium 

c h l o r i d e by i i e a n s o f s o d i i i n f u s i o n . The r e s u l t i n g sodium c h l o r i d e 

was d i s s o l v e d i n w a t e r , t h e c h l o r i d e c o n t e n t analysed by t i t r a t i o n , 

and t h e r a d i o a c t i v i t y measured. 
9. A l l y l bromide 

T h i s i s a v a i l a b l e c o m m e r c i a l l y ; i t was p u r i f i e d on a p r e p a r a t i v e ! 
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s c a l e vapour phase chro-.iatograph b e f o r e use. 

10. 4-bromobuteno 

T h i s i s a l s o a v a i l a b l e c o m m e r c i a l l y , and was p u r i f i e d b e f o r e 

use on a p r e p a r a t i v e sca.le v.p.c. 
130 

11. 5-bromopentene 

133 gm. (1.55 nole) o f l - p e n t e n - 5 - o l and 35 gm. (O.kh- nole) o f 

p y r i d i n e x\rere mixed i n a f l a s k surrounded by an e t h a n o l -00^ b a t h 

(-25° t o - 3 0 ° ) . 17^ gai. (0.6^!- mole) o f phosphorous t r i b r o / , i i d e v/as 

added d r o p w i s e over a p e r i o d o f k hours t o t h e f l a s k , which v;as f i t 

t e d w i t h a s t i r r e r . The s t i r r e r was the n r e p l a c e d by a. con;^.enser 

and the p r o d u c t d i s t i l l e d f r o m an o i l - b a t h . C a v t i o n i s r e q u i r e d a t 

t h i s s t a g e , as the vapours t e n d t o i g n i t e s p o n t a n e o u s l y , e s p e c i a l l y 

toxirards t h e end. The p r o d u c t was washed tv/ice with x/ater, once v / i t h 

c a u s t i c soda, and d r i e d over c a l c i u m c h l o r i d e . The y i e l d o f product 

b o i l i n g between 127° and 130° was 180 gm. ( 7 3 ^ ) . I t was p u r i f i e d by 

v.p.c. b e f o r e use. 
131 

12. 6-bromobexene 

The c o r r e s p o n d i n g alco.'iol CH^ = C K ( C H 2 ) ^ 0 H was t r e a t e d w i t h 

phosphorus t r i b r o m i d e i n p y r i d i n e , the same r e l a t i v e p r o p o r t i o n s o f 

r e a c t a j i t s b e i n g used as i n the b r o ̂ opentene p r e p a r a t i o n . The b o i l i n g 

p o i n t a t 16 mm. was k7-51°, y i e l d 53fc. 
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PART I I . DSGCRIl'TION OF L^XPEHEiENTS 

Exper i m e n t 1 

A n a l y s i s o f t h e ̂ products o f t h e r e a c t i o n betv/een hypochlorous 

a c i d and 2 - c h l o r o p r o p e n e 

2 - c h l o r o p r o p e n e ( l l gns. ) v/as added i n s m a l l p o r t i o n s , shaking 

t / e l l i n bet%/een a d d i t i o n s , t o an aqueous s o l u t i o n o f hyp o c h l o r o u s 

a c i d ( l l . , 0.0020 U) c o n t a i n i . ^ g p e r c h l o r i c a c i d (0.040 N)- "^he 

r e a c t i o n m i x t u r e v/as l e f t o v e r n i g h t . No hypochlorou.s a c i d v/as l e f t 

i n t h e m o r n i n g , as shov/n hy t h e absence o f i o d i n e when p s t a p l e was 

added t o a p o t a s s i u r i i o d i d e s o l ' . i t i o n . The c h l o r i d e iovi l i b e r a t e d 

was d e t e r m i n e d by t i t r a t i o n ( V o l h a r d ' s method) and i-epresciztod 33^ 

o f the amount o f h y p o c h l o r o u s a c i d used up. 

I s o t o p e d i l u t i o n e x p e r i m e n t s i/ere t h e n c a r r i e d out on b o t h o f 

th e e x p e c t e d p r o d u c t s o f the r e a c t i o n , c h l o r o a c o t o n e and 2 , 3 - d i c l i l o -

r o p r o p e n e . C h l o r o a c e t o n e l a b e l l e d w i t h ^ ^ C l (2.55?-2 gm. , s p e c i f i c 

a c t i v i t y i n acetone 11,225) and 2 , 3 - d i c h l o r o p r o p e n e l a b e l l e d i n the 

3 - p o s i t i o n w i t h CI (6.23^7 g^., s p e c i f i c a c t i v i t y i n e t h a n o l 

14,547) were added t o the r e a c t i o n m i x t u r e and t h e whole t h o r o u ^ j h l y 

mixed. The s o l u t i o n was e x t r a c t e d f i r s t x ^ i t h pentane, the e x t r r c t 

d r i e d , and the pentane removed. 2 , 3 - d i c h l o r o p r o p e n e v/as d i s t i l l e d 

f r o m t he r e s i d u e ( b . p t . 94-95°) and was shoxm t o be pure by vapour 

phase chromatography. A steuidard s o l u t i o n v/as made u;;̂  ±1 e t h a n o l 

and t h e s p e c i f i c a c t i v i t y d e t e r m i n e d as 11,592. 
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I f T7o g r j . i s the w e i g h t o f 2 , 3 - d i c h l o r o p r o p e n e f or :ied i n the 

r e a c t i o n t h e n t he i s o t o p e d i l u t i o n e x p r e s s i o n i s 

6.2367 ^ 11, "^92 
iJo + 6.2367 

!Jo = 6.2367 X 2.^855 
11,692 

1.524 

T h e r e f o r e t h e perc e n t a g e y i e l d , based on the hyp o c h l o r o u s a c i d used 
, p . 1»524 X 100 ^ ^ 

0.0820X 111 

A f t e r t h e pentane e x t r a c t i o n , t h e s o l u t i o n was s a t u r a t e d w i t h 

sodium s u l p h a t e and e x t r a c t e d w i t h t h r e e p o r t i o n s o f e t h e r . The 

e x t r a c t was d r i e d and the e t h e r removed, r a t h e r s l o w l y a t reduced 

presstur-e, s i n c e t he c h l o r o - c e t o n e tended t o char. The r e s i d u a l o i l 

v/as shoim t o be pure c h l o r o a c e t o n e by v.p.c. a n a l y s i s Tjut because o f 

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

k e t o n e was c o n v e r t e d d i r e c t l y i n t o i t s 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e 

d e r i v a t i v e f o r c o u n t i n g purposes. 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e 

{2k gm.) was d i s s o l v e d i n c o n c e n t r a t e d s u l p h u r i c a c i d ( l 2 0 ml.) and 

the s o l u t i o n added c a u t i o u s l y t o a m i x t u r e o f e t h a n o l (225 ' - i l - ) and 

w a t e r (6OO m l . ) . I n s o l u b l e m a t e r i a l was f i l t e r e d o f f and t o the 

r e a g e n t s o l u t i o n was added an e q u i v a l e n t q u E i n t i t y o f c h l o r o a c e t o n e . 

A y e l l o w p r e c i p i t a t e began t o f o r m i miediatel^'- b u t t h e s o l u t i o n vjas 

l e f t o v e r n i g h t t o a l l o w complete p r e c i p i t a t i o n . The p r e c i p i t a t e v;as 
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f i l t e r e d and r e c r y s t a l l i s e d f r o m a l c o h o l t o c o n s t a n t s p e c i f i c 

a c t i v i t y , 3182 i n acetone. A g a i n , i f \Io go. o f c h l o r o a c e t o n e i s 

formed i n t h e r e a c t i o n , 

2.5522 ^ 3182 
¥o + 2.5522 11,225 

I/O = 2.5522 X 8043 
3182 

6.451 

T h e r e f o r e t h e y i e l d o f c h l o r o a c e t o n e based on the amount o f hypo

c h l o r o u s a c i d used up = 6.4-51 x 100 
92.5 X 0.0820 

= 8 5 - 2 
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Experiment 2 

I n v e s t i g a t i o n o f the e f f e c t o f s i l v e r i o n s on the y i e l d o f 

c h l o r o a c e t o n e i n t h e r e a c t i o n betv/een hypochlorous a c i d and 

2 - c h l o r o p r o p e n e 

2 - c h l o r o p r o p e n e (2 gm.) was added t o an aqueous s o l u t i o n 

(1070 m l . ) c o n t a i n i n g h y p o c h l o r o u s a c i d (O.OIO5 I-l) , p e r c h l o r i c a c i d 

(0.112 M) and s i l v e r p e r c h l o r a t e (0.0491 I I ) . The r e a c t i o n m i x t x i r e 

was shaken w e l l and l e f t o v e r n i g h t , when a l l t h e h y p o c h l o r o u s a c i d 

v/as used up. The c h l o r i d e i o n l i b e r a t e d was d e t e r m i n e d by Volhard's 

method, and r e p r e s e n t e d 113^^ o f the h y p o c h l o r o u s a c i d used. 

A c t i v e c h l o r o a c e t o n e (1.1524 gm., s p e c i f i c a c t i v i t y i n acetone 

15,910) was added t o t h e s o l u t i o n , w h i c h was v i g o r o u s l y shaken. The 

ketone wa.s e x t r a c t e d i n t o e t h e r as i n Experiment 1 and c o n v e r t e d 

i n t o i t s 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e , whose s p e c i f i c a c t i v i t y i n 

acetone was f o u n d t o be 9>131« 

1.1524 ^ ^,131 
ZJo + 1.1524 15,910 

llo = 0.8557 

T h e r e f o r e t h e y i e l d o f c h l o r o a c e t o n e , based on the ajuount of hypo

c h l o r o u s a c i d used up = 0.8557 x 100 
92.5 X .01124 

= 8 3 - 2 
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Experiment 3 

I d e n t i f i c a t i o n of the products of the a d d i t i o n of hypochlorous 
a c i d to 2-chloropropene i n the presence of a la r g e excess of s i l v e r 
ions 

1-gm. q u a n t i t i e s of 2-chloropropene were added to an aqueous 

s o l u t i o n ( I L ) of hypochlorous a c i d (0.045 M) and s i l v e r p e r c h l o r a t e 

(0.095 M). Each a d d i t i o n was shaken v i g o r o u s l y t i l l the o l e f i n 

d i s s o l v e d . A f t e r the a d d i t i o n of about 6 gm., i t was d i f f i c u l t to 

get f u r t h e r o l e f i n to d i s s o l v e , and the s o l u t i o n no longer smelled 

of hypochlorous a c i d . Tj^e s o l u t i o n was s a t u r a t e d v;ith sodium s u l 

phate and the s i l v e r c h l o r i d e and the excess s a l t f i l t e r e d o f f . The 

organic products were removed i n t o ether by continuous e x t r a c t i o n 

(about 30 h r s . ) . The ether was c a u t i o u s l y d i s t i l l e d o f f , and the 

r e s i d u a l o i l examined by vapour phase chromatography. Only two 

peaks were produced (ap a r t from e t h e r ) , which were shown by co-.ipar-

i s o n w i t h a u t h e n t i c sajnples to r e p r e s e n t chloroacetone and 2,3-di-

chloropropene. 
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Experiment 4 

The k i n e t i c s of the r e a c t i o n between hypochlorous a c i d and 
2-chloropropene 

A Determination of the r a t e constant imder "normal" c o n d i t i o n s . 

An aqueous s o l u t i o n (250 ml.) of hypochlorous a c i d (0.002 M), 

s i l v e r p e r c h l o r a t e (O.O36 I-l) and p e r c h l o r i c a c i d (0.02 U) was allovred 

to a t t a i n ambient temperature i n a 25°C thermostat. S l i g h t l y over 

0.5 gm. 2-chloropropene ( s u f f i c i e n t to s a t u r a t e t h i s volune of 

s o l u t i o n ) was added with vigorous shaking. 5 ml. samples of the 

s o l u t i o n were taken and run i n t o an excess of c h i l l e d potassium 

io d i d e s o l u t i o n c o n t a i n i n g d i l u t e s u l p h u r i c a c i d and s a t u r a t e d with 

n i t r o g e n . The time was i n v a r i a b l y noted when the l i q u i d began to 

run from the p i p e t t e i n t o the f l a s k . The r e l e a s e d iodine was titrated 

again 0.001 N sodium t h i o s u l p h a t e . 

Now s i n c e the o l e f i n i s i n l a r g e excess over the hypochlorous 

a c i d , i t s c o n c e n t r a t i o n remains e f f e c t i v e l y constant, and so v/e nay 

use the f o l l o w i n g form of the r a t e expression 

t.b a - X 

where 

a = c o n c e n t r a t i o n of hypochlorous a c i d i n i t i a l l y 

a - X = c o n c e n t r a t i o n of hypochlorous a c i d at time t seconds 

b = c o n c e n t r a t i o n of 2-chloropropene 
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To determine b, a known excess of standard bronide-broiBate s o l u t i o n 

was added to a s a t u r a t e d s o l u t i o n of the o l e f i n , a c i d i f i e d , and the 

r e l e a s e d excess bromine determined by using i t to l i b e r a t e iodine 

from potassium i o d i d e , followed by thio s u l p h a t e t i t r a t i o n . The 

s o l u b i l i t y of 2-chloropropene i n water at room temperature was fovtnd 

to be 0.0260 moles per l i t r e . The f o l l o w i n g t a b l e s present the 

r e s u l t s of three runs at 25°, with k̂ ^ computed as 2.03O log a . 
t a - X 

The mean value f o r the r a t e constant, k^, i s then c a l c u l a t e d by 

d i v i d i n g the mean value of k^ by 0.026, 

Run 1 
t ( s e c . ) T i t r e (ml.) ^og — 1 0 ^ k ^ ( s e c . ^ ) 

950 

0 9.10 

725 6.30 0.1597 5.075 

5.44 0.2234 5.'̂ 2 

1205 4.86 0.2724 5.21 

1680 3.72 0.3885 5.33 

2190 2.92 0.4936 5.19 

3395 1.^9 0.7858 5-33 
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Run 2 

t ( s e c . ) a - X log — - — 10^ k, ( secT''") 
3. — X X 

0 9.30 

940 5.45 0.2321 5.69 

1215 3.85 0.3330 5.97 

1520 3.25 0.4566 5.89 

1985 2.60 0.5535 5.63 

2500 2.00 0.6675 5.52 

3265 1.55 0.7782 5.02 

Run 3 

t ( s e c . ) a - X log ̂  ^ ^ 10̂ ' k (secT''') 
cL ~ X J -

0 10.05 

840 6.12 0.2153 5.90 

1020 5.63 0.2516 5.68 

1440 4.60 0.3393 5.73 

258O 2.85 0.5473 5.06 

318O 2.10 0.6799 5.06 

3840 1.18 0.9302 5.58 

The mean value f o r k^ obtained i s the r e f o r e i n run 1, 5.26 x 
-4 ^ -4 -4 10 ; i n run 2, 5-62 x 10 ; and i n run 3, 5*50 x 10 g i v i n g an 

o v e r a l l mean of 5»46 x 10~^. The r a t e constant, k^, i s thus 5«46 x 

10""^ - 0.026 = 0.021 secT"*" moleT"^ 1. 
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B Determination of the r a t e constant under conditions of low 

mine r a l a c i d , high s i l v e r and hif^h hypochlorous a c i d concentrations 

(a) 2,3-dichloropropene 

The rea.ction was followed by the same method as f o r the pre

v i o u s l y d e s c r i b e d runs on 2-chloropropene. The concentrations v/ere : 

hypochlorous a c i d , 3.13 x 10 M; s i l v e r p e r c h l o r a t e , O.O563 I^; 

2,3-dichloropropene, 0.0342.M; and mineral a c i d , zero. The r e s u l t s 

f o r a r e p r e s e n t a t i v e run are s e t out below. 

^ r \ 1 a 10^ k, (secT-'-) t ( s e c . ) a - x log ̂  ^ 1 

0 11.60 

300 11.25 0.0134 10.3 

720 10.80 0.0311 9.95 

l l 4 0 10.05 0.0624 12.5 

1440 7.20 0.2067 33.1 

1635 5.05 0.3612 50.9 

1770 4.60 0.4013 52.2 

1920 3.80 0.4847 58.1 

2100 3.05 0.5802 63.6 

2340 2.60 0.6495 63.9 

2700 2.60 0.6495 55.4 

3300 2.25 0.7123 49.7 

3900 1.50 0.8884 52.5 

(b) 2-chloropropene 

The c o n c e n t r a t i o n s used were : hypochlorous a c i d , 5.15 x 10~3n; 
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s i l v e r p e r c h l o r a t e , 0.109 M; 2-chloropropene, O.O26O M; and mineral 
a c i d , zero. 

t ( s e c . ) 

0 

480 

735 

1200 

l44o 
1800 

2220 

2700 

, 318O 

a - X 

13.15 

8.25 

7.20 

5.30 

4.25 

3.50 

2.60 

1.90 

1.65 

log a - X 10^ k^(sec7-'-) 

0.2024 

0.2616 

0.3946 

0.4905 

0.5748 

0.7039 

0.8401 

0.9014 

9.71 

8.20 

7.58 

7.84 

7.35 

7.30 

7.17 

6.53 

( c ) 2-chloroprop-2-en-l-ol 

Runs were done a t a con c e n t r a t i o n of ( i ) O.O5O M s i l v e r per

c h l o r a t e and ( i i ) 0.200 M s i l v e r p e r c h l o r a t e . Both r e a c t i o n s were 

followed a t a p e r c h l o r i c a c i d c o n c e n t r a t i o n of 0.020 M, hypochlorous 

a c i d , 7 X 10 M, and 2-chloroprop-2-en-l-ol, O.O307 H. 
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Run ( i ) 

t ( s e c . ) a - X log — - — 10^ k. (secT-"-) 
3. X J. 

0 15.63 

210 12.78 0.0874 9.59 

420 11.62 0.1287 7.06 

720 10.20 0.1853 5.93 

l l 4 o 8.70 0.2544 5.14 

1680 7.20 0.3366 4.6l 

2280 5.99 0.4165 4.21 

2820 5.02 0.4932 3.94 

3360 4.48 0.5426 3.72 

4020 3.80 0 . 6 i 4 l 3.52 

4620 3.35 0.6689 3.34 

5220 2.92 0.7285 3.21 

Run ( i i ) 

t ( s e c . ) a - X log — - — 10^ k-(secT-'-) 
a. — X j_ 

0 16.02 

240 9.31 0.2357 2.26 

420 7.60 0.3238 1.78 

600 6.61 0.3844 1.48 

800 4.70 0.5325 1.46 

1065 4.60 0.5418 1.17 

1200 4.02 0.6004 1.15 

1380 3.52 0.6581 1.10 

1560 2,77 0.7621 1.13 
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Run ( i i ) cont. 

t ( s e c . ) 

1740 

1920 

2220 

2400 

2700 

a. - X 

2.50 

2.30 

1.71 

1.40 

1.20 

log a - X 

O.8O67 

0.8429 

0.9716 

1.0585 

1.1254 

10 k^(secT''') 

1.07 

1.01 

1.01 

1.02 

0.96 
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Experiment 5 

Determination of the s p e c i f i c a c t i v i t y of the chloroacetone 
t6 

produced by the a d d i t i o n of 01 - l a b e l l e d hypochlorous a c i d to 

2-chloropropene 

Three aqueous s o l u t i o n s were made up with the f o l l o w i n g com

p o s i t i o n s (inmoles per l i t r e ) 

(1) (2) (1) 
Hypochlorous a c i d 0.0697 0.0474 0.0697 

P e r c h l o r i c a c i d 0.0990 0.0990 0.1010 

S i l v e r p e r c h l o r a t e - 0.0103 0.0532 

T o t a l volume (ml.) 1010 1485 1010 

2-chloropropene (8gm.) was added to each, i n small q u a n t i t i e s . 

w ith vigorous shaking Each s o l u t i o n was s a t u r a t e d with sodium 

sul p h a t e then f i l t e r e d . T^e products v/ere e x t r a c t e d i n t o ether, 

which was d r i e d and s l o w l y d i s t i l l e d o f f , the l a s t t r a c e s under r e 

duced p r e s s u r e on a r o t a r y evaporator. Each sample of chloroacetone 

was converted to i t s 2,4-dinitrophenylhydrazone, which was r e c r y s t j i l -

l i s e d from ethanol to constant s p e c i f i c a c t i v i t y . The s p e c i f i c 

a c t i v i t i e s of the samples i n acetone were ( l ) 17,712 (2) l S , l 6 5 

(3) 23,724. The s p e c i f i c a c t i v i t y of the hypochlorous a c i d v:as 

21,919 i n water. T h i s corresponds to 21,919 x 1.298 = 28,451 i n 

acetone. The percentage a c t i v i t i e s were th e r e f o r e ( l ) 62.3 (2) 63.8 

(3) 83.4. ( i n a l l cases ± 1=̂ ) . 
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Experiment 6 

Determination of the s p e c i f i c a c t i v i t y of the chloroacetone 
produced by the a d d i t i o n of HO'̂ '̂ Cl to a continuous excess of 
2-chloropropene 

5 gm. of 2-chloropropene ( d i s s o l v e d i n 20 ml. a l c o h o l so as to 

a i d d i s p e r s i o n ) were added with vigorous shaking to an aqueous 

s o l u t i o n (3850 mis.) c o n t a i n i n g s i l v e r p e r c h l o r a t e and p e r c h l o r i c 

a c i d . 130 ml. of l a b e l l e d hypochlorous a c i d (0.020 M, s p e c i f i c 

a c t i v i t y 31,900) was added. The co n c e n t r a t i o n of the HOCl was there

f o r e 0.0065 M, that of the s i l v e r ion, 0.100 M, of mineral a c i d 

0.096 M, and of o l e f i n O.OI63 M. 

The s o l u t i o n was worked up f o r the chloroacetor^e product as 

d e s c r i b e d before. The s p e c i f i c a c t i v i t y of the 2,4-dinitrophenyl-

hydrazone was measured i n p.cetone and found to "ce 34,781, i . e . 

^ ^ 1 ' ^ ^ ^ X 100 = 84^1^^ of the s p e c i f i c a c t i v i t y of the 
31,900 X 1.298 

HO-^^Cl used. 
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Experiment 7 

Determination of the s p e c i f i c a c t i v i t y of the chloroacetone 
produced i n the r e a c t i o n between 2-chloropropene and HO^^Cl 

Hypochlorous a c i d l a b e l l e d with CI was prepared, and i t s 

s p e c i f i c a c t i v i t y i n water determined at 36,l82. A sample was a l s o 

converted to c h l o r i d e and i t s s p e c i f i c a c t i v i t y redetermined as 

f o l l o w s . To 100 mis. of the s o l u t i o n (O.291 U) l i t h i u n carbonate 

(2.5 gni. ) was added and sulphur dioxide passed t i l l e f f e r v e s c e n c e 

ceased. S t i v e r n i t r a t e (8 gn. i n 20 ml. water) was added to the s o l 

u t i o n , a f t e r a c i d i f i c a t i o n with n i t r i c a c i d . The p r e c i p i t a t e d s i l v e r 

c h l o r i d e was f i l t e r e d o f f , d i s s o l v e d i n O.88O ammonia, f i l t e r e d , and 

r e p r e c i p i t a t e d by 50 : 50 water : cone, s u l p h u r i c a c i d . I t was 

washed s u c c e s s i v e l y with water, ethanol emd acetone, and d r i e d i n an 

oven. The s i l v e r c h l o r i d e sample obtained was fused i n an i g n i t i o n 

tube with an excess of sodium. The tube was dropped into d i s t i l l e d 

water, ground up, and a l l i n s o l i i b l e l a t e r i a l f i l t e r e d oxT. The 

Sodium c h l o r i d e s o l u t i o n was analysed f o r c h l o r i d e content, and i t s 

counting r a t e determined. The s p e c i f i c a c t i v i t y deter>ained by t h i s 

method was 35,596. The .jean of t h i s f i g u r e and that obtained hy the 

u s u a l method of si::iply s t a n d a r d i s i n g the hypochlorous a c i d a g a i n s t 

t h i o s u l p h a t e was taken to r e p r e s e n t the s p e c i f i c a c t i v i t y of the 

HO^^Cl (35,889). 

Two s o l u t i o n s , each 0.022 M i n HOCl, and O.O96 U i n IICIO^, were 

made up ( t o t a l volume 2 L ) . S o l u t i o n (2) was -Jiade 0.04l5 i n A-CIC. , 
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while ( l ) contained no s i l v e r i o n s . 10 gm. of 2-chloropropen3 was 

P.dded to each, i n p o r t i o n s of approxi :;ately 1.5 gJa. , v/ith vigorous 

shaking. '̂ ĥen a l l the hypochlorous a c i d had r e a c t e d ( s u e l l ) each 

s o l u t i o n was xirorked up to produce a pure sample of chloroacetono, as 

d e s c r i b e d before. D e r i v a t i v e s were made and t h e i r s p e c i f i c a c t i v i 

t i e s determined. As a percentage of the s p e c i f i c a c t i v i t y of the 

i n i t i a l HOCl, these were found to be ( l ) 59 - 1A and (p.) 91 - 1/-. 
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Experiment 8 

Determination of the s p e c i f i c a c t i v i t y of and the p o s i t i o n of 
l a b e l l i n g i n the 2,3-dic.hloropropene produced by the a d d i t i o n of 
HQ-^^Cl to 2-chloropropene 

T h i s a d d i t i o n was c a r r i e d out on a l a r g e r s c a l e than previous 

experiments, s i n c e the 2,3-dichloropropene i s produced i n o.ly about 

15^ y i e l d . Stock s o l u t i o n s were Tiade up as f o l l o w s : 3.6 L. , 0.200 i : 

i n p e r c h l o r i c a c i d and 0.193 H i n hypochlorous a c i d ( s p e c i f i c a c t i v 

i t y 22,477); 1.0 L., 1.00 M s i l v e r p e r c h l o r a t e . 

For ease of handling, the a d d i t i o n r e a c t i o n \;as c a r r i e t l out ±11 

four 2L. f l a s k s . I n each of these ( l a b e l l e d 1,2,3 cjio. 4 ) , 1.0 L. of 

water was s a t u r a t e d with 2-chloropropene ( c a . 1.7 S^')' To each 

s o l u t i o n , 25 nil. of the s i l v e r solvition were added (makin^' i t ca. 

0.025 K ) , and 50 ml. of the a c i d i f i e d IIOCl s o l u t i o n (m-kin^' i t ca. 

0.01 M) . The f l a s k was shaken up t i l l the smell of IIOCl disapperrcd, 

when i t v-as r e s a t u r a t e d i ; i t h o l e f i n , and more liCCl a'.ded. The pro

c e s s was repeated, o l e f i n bein^,' added to keep i t alv/ayo i n e x c e l s , 

HCCl as soon as i t was used up, and s i l v e r so as to keep i t always 

i n excess over the HOCl, but never at any ti: i e at a concentration 

above 0.025 M. The f o l l o w i n g table d e s c r i b e s the addi t i o n s of each 

reagent to s o l u t i o n s 1,2,3 and 4. The u n i t s f o r the o l e f i n are 

grams, and f o r the others, m i l l i l i t r e s . 
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O l e f i n Ag"̂  HOCl O l e f i n Ag"̂  HCCl O l e f i n Ag"̂  HOCl O l e f i n Ag"̂  HOCl 

1.7 25 45 1.7 25 20 1.9 25 50 1.6 25 50 

35 30 2.1 50 1.9 50 

2.0 35 2.1 50 1.8 25 50 

1.8 2.1 25 50 50 50 

20 15 2.0 25 50 2.0 25 50 

25 65 1.8 50 0.9 0.6 

35 0.7 25 50 1.8 25 50 1.8 25 50 

1.8 25 50 1.9 50 1.8 45 1.8 25 55 

50 1.6 25 50 1.8 45 1.8 55 

1.7 25 50 2.1 25 50 1.8 50 1.8 50 

50 1.0 50 25 25 

1.6 25 50 1.8 25 50 1.8 50 

1.5 50 50 

1.8 25 50 0.6 

50 1.8 25 40 

0.8 

1.8 25 60 

Each s o l u t i o n was then e x t r a c t e d with two h a l f - l i t r e portions of 

pentane. The e x t r a c t s were d r i e d over anhydrous magnesiuin sulphate, 

and the s o l v e n t evaporated o f f . The product sa.-nples were bulked, and 

d i s t i l l e d (b.pt. 94.5°), The r e t e n t i o n time on a gas phase chroma-

tograph column was i d e n t i c a l to that of a commercial sample of 
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' 2 , 3-dichloropropene. The s p e c i f i c a c t i v i t y v/as measured i n ethanol 

and found to be 25,300. The s p e c i f i c a c t i v i t y of an a c t i v e sample 

of chloroacetone was then determined i n ethanol and found to be 

0.9553 times the value f o r the same sample i n acetone. 

The S - a l l y l t h i o u r o n i u m p i c r a t e of the 2,3-dichloropropene 

was then prepared. To 0.5 gm. of the o l e f i n were added 0.5 gm. 

t h i o u r e a i n 10 ml. a l c o h o l , and the mixture r e f l u x e d f o r 40 min. 

0,5 g™« p i c r i c a c i d was added, and the mixture r e f l u x e d f o r a f u r 

ther 10 mins. then a3.1owed to c o o l . A fe\^ drops of water were 

added, when yel l o w c r y s t a l s separated out. The d e r i v a t i v e was r e -

c r y s t a l l i s e d from ethanol, m.pt. 171°. The s p e c i f i c a c t i v i t y i n 

ethanol was determined a t 294. 

The chloroacetone \ifas next recovered by ether e x t r a c t i o n of the 

aqueous s o l u t i o n remaining a f t e r the pentane e x t r a c t i o n . Solvent 

was evaporated o f f and the 2,4-d.n.p. d e r i v a t i v e prepared as i n 

Experiment 1. The s p e c i f i c a c t i v i t y i n acetone was found to be 

24,963. 

The a c t i v i t i e s may be summarised as below, c o r r e c t e d to the 

same s o l v e n t , acetone. 

M a t e r i a l S p e c i f i c a c t i v i t y S p e c i f i c a c t i v i t y 
i n acetone expressed as a percentage 

3^C10H 29,200 100 

^^CiCH^CO.CH^ 25,000 85.6 
36 C1CE^CC1=CH^ 26,500 90.7 

CH2=CC1.CH2-X 308 1.1 
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Experiment 9 

I n v e s t i g a t i o n of halogen exchange i n aqueous s o l u t i o n 
( a ) S o l u t i o n s were made up (200 ml.) containing hypochlorous a c i d 
l a b e l l e d w i t h -^^Cl ( c a . 0.01 M) , p e r c h l o r i c a c i d ( c a . 0.1 M) and 
v a r y i n g amounts of s i l v e r p e r c h l o r a t e . The s p e c i f i c a c t i v i t y , de
f i n e d i n t h i s case as the counting r a t e d i v i d e d by the t i t r e f o r 
5 ml. of the s o l u t i o n a g a i n s t 0.01 N t h i o s u l p h a t e , was mepsured. 
( i t was fomid that with a hypochlorous a c i d concentration no higher 
than about 0,01 M, i n t e r a c t i o n with the s i l v e r ions was not s i g n i f i 
cant over a s h o r t period of t i n e . ) Sodium c h l o r i d e s o l u t i o n (con
t a i n i n g c h l o r i d e i o n i n s l i g h t excess over the C I O H ) was added, the 
s o l u t i o n shaken, and the p r e c i p i t a t e d s i l v e r c h l o r i d e f i l t e r e d o f f . 
The s p e c i f i c a c t i v i t y of the remaining s o l u t i o n was determined, and 
conpared with t h a t before the a d d i t i o n of the c h l o r i d e . The proced
ure was c a r r i e d out f o r two concentrations of s i l v e r (each i n 
d u p l i c a t e ) and ip- the absence of s i l v e r . The a d d i t i o n of bromide ion| 
at two s i l v e r c o n c e n t r a t i o n s (each i n d u p l i c a t e ) and of iodide at 
two s i l v e r c o n c e n t r a t i o n s was a l s o c a r r i e d out. The r e s u l t s are s e t 
out i n the follov/ing t a b l e s , showing the s p e c i f i c a c t i v i t y of the 
hypohalous a c i d a f t e r the h a l i d e a d d i t i o n expressed as a percentege 
of t h a t before the a d d i t i o n . 

-133-



( i ) C h l o r i d e i o n 

M o l a l i t y o f : 1 2(a) 2(b) 3(a) 
ClOH .00939 .00936 .0093s .00939 
Ag"*" - .0167 .0168 .0336 
C l ~ .0113 .0123 .0115 .0113 
^ a c t i v i t y k2,k 6k. k 64.2 82.3 
r e t a i n e d 

( i i ) Bromide i o n 

M o l a l i t y o f : 1(a) 1(b) 2(a) 2(b) 

ClOH .00951 .00951 .00951 .00952 

Ag"*" .0170 .0170 .0340 .0340 

B r " .0116 .0118 .0116 .0113 

fo a c t i v i t y 60.4 56.2 76.2 76.5 

r e t a i n e d 

( i i i ) l o d i d e i o n 

M o l a l i t y o f : 1 r\ £. 

ClOH .00940 .CO94O 

Ag"^ .0168 .0336 

I " .0111 .0112 

fo a c t i v i t y 5.69 61.0 

r e t a i n e d 

3(b) 

.00937 

.0̂ .335 

.0121 

82.7 

( b ) A s o l u t i o n o f hypobromous a c i d was made up, ajtid s i l v e r p e r c h l o r -

a t e i n excess was added. R a d i o a c t i v e c h l o r i d e i o n o f known s p e c i f i c 
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a c t i v i t y was added, t he s o l u t i o n shaken, and the p r e c i p i t a t e d s i l v e r 

h a l i d e f i l t e r e d o f f . The hypohalous a c i d s o l u t i o n was s t a n d a r d i s e d 

a g a i n s t t h i o s u l p h a t e and i t s a c t i v i t y measured. The s p e c i f i c a c t i v 

i t y was c a l c u l a t e d and coi:ipared v / i t h t h a t o f the added c h l o r i d e . 

L ' o l a l i t y o f : 

PIOBr .0220 

Ag"*" .0400 
^ ^ c i ~ .0302 
^ exchange 4.2 

( c ) L a b e l l e d c h l o r i d e i o n was p r e c i p i t a t e d fro.n s o l u t i o n by an 

excess o f s i l v e r i o n s . A sample o f the s o l u t i o n was f i l t e r e d o f f 

and i t s c o u n t i n g r a t e measured and used as a background. Then un-

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

the Ag CI p r e c i p i t a t e . A f t e r s h a k i n g up, a sample v/ns f i l t e r e d o f f 

and i t s c o u n t i n g r a t e and c o n c e n t r a t i o n d e t e r m i n e d . The c o u n t i n g 

r a t e was r e d e t e r m i n e d a t i n t e r v a l s o f a p p r o x i n a t e l y Y hr., 2 h r s . , 

3 h r s . , and I6 h r s . The s p e c i f i c a c t i v i t y o f the c h l o r i d e used was 

86,405, and t h e c o n c e n t r a t i o n s were: c h l o r i d e i o n , 0.0228 M, s i l v e r 

p e r c h l o r a t e , O.O35S M; p e r c h l o r i c a c i d , 0.02 M; hyp o c h l o r o u s a c i d , 

0.0196 M. The f o l l o w i n . : t a b l e g i v e s the s p e c i f i c a c t i v i t y o f the 

s o l u t i o n a t v a r i o u s t i n e s . 

Time ( m i n . ) 0 30 l40 205 960 

S p e c i f i c A c t i v i t y 0 553 2 , 4 l l 4,588 17,945 

-135-



( d ) A c t i v e c h l o r i d e s o l u t i o n ( s p e c i f i c a c t i v i t y 122,384) was p r e 

c i p i t a t e d by an excess o f s i l v e r i o n s . A f i l t e r e d saaple o f s o l u t i o n 

was counted f o r use as a backgroui-\d count. Then i n a c t i v e c h l o r i d e 

i o n s were added t o the s o l u t i o n c o n t a i n i n g the a c t i v e s i l v e r c h l o r i d e 

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

t i o n was 0.00904 M. The s o l u t i o n was shaken v i g o r o u s l y , and a t 

i n t e r v a l s samples o f t h e s o l u t i o n were counted. 

Time 20 min. 4 h r . I5-3 b r . 20y h r . 

S p e c i f i c A c t i v i t y 1,556 1,811 29,000 32,556 
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Experiment 10 

A n a l y s i s o f the p r o d u c t s o f a d d i t i o n o f hypochlorous a c i d t o 
2-bromopropene i n t h e presence o f s i l v e r i o n s 

An aqueous s o l u t i o n ( I L . ) was made up 0.0244 M i n hypochlorous 

a c i d , 0.0394 M i n s i l v e r p e r c h l o r a t e and O.O96O M i n p e r c h l o r i c a c i d . 

6 gm. o f 2-bromopropene (about a 2 - f o l d excess over the ClOH) was 

added i n s m a l l q u a n t i t i e s w i t h v i g o r o u s s h a k i n g . The s m e l l o f ClOH 

d i s a p p e a r e d , and t h e l a c h r y m a t o r y s m e l l t y p i c a l o f h a l o - a c e tones v/r.s 

d e t e c t e d . The s o l u t i o n was s a t u r a t e d w i t h sodiura s u l p h a t e and ex

t r a c t e d w i t h e t h e r . The e x t r a c t was d r i e d over anhydrous magnesiusi 

s u l p h a t e , f i l t e r e d , and t h e s o l v e n t s l o w l y d i s t i l l e d o f f u s i n g a 

V i g r e u x column. I t was n o t a t t e m p t e d t o remove t h e l a s t t r a c e s o f 

e t h e r f r o m t h e p r o d u c t , which v/as examined on a P e r k i n 2:i-ner Vapour 

Phase Chroraatograph. A p a r t f r o m t h e e t h e r , t h r e e peaks were obtained. 

These correspo:aded t o . c h l o r o a c e t o n e , bromoacetone and an u n i d e n t i f i e d 
t -

compound. The area under t h e peak f o r each compound was neasured 

by means o f a p l a n i m e t e r , and a s s u n i n g t h a t t h i s area i s p r o p o r t i o n a l 

t o t h e w e i g h t of t h e compount i n j e c t e d on t o the colu-'.m, t h e p e r c e n t 

age c o m i j o s i t i o n o f the p r o d u c t was c a l c u l a t e d to be c h l o r o a c e t o n e , 

82.5; bromoacetone, 11.0; u n i d e n t i f i e d compoiont 6,5. 

A sample o f h y d r o x y a c e t o n e was i n j e c t e d on t o the column, and 

i t s r e t e n t i o n t i m e showed t h a t the t h i r d component o f the p r o l u c t 

m i x t u r e was n o t h y d r o x y a c e t o n e . 

-137-



Experiment 11 

The k i n e t i c s o f the a d d i t i o n o f i o d i n e i n aqueous s o l u t i o n t o 
a l l y l b r omide, 4-bromobutene, 5-bro'7iopentene and 6-bro lohexene 

( a ) I o d i n e S o l u t i o n 

A s t o c k s o l u t i o n o f i o d i n e was made up by s t i r r i n g about 

25 grams o f the s o l i d w i t h one l i t r e o f water f o r about 12 hours. 

The s o l u t i o n was decanted fro.-n u n d i s s o l v e d i o d i n e , and uade 0.1 

molar i n p o t a s s i u m i o d i d e . Then the c o n c e n t r a t i o n o f i o d i n e v;as 

d e t e r m i n e d by s t a n d a r d i s a t i o n w i t h sodixim t h i o s u l p h a t e , A 1 a i l . 

sample was r u n i n t o 100 mis. o f w a t e r , d i l u t e n i t r i c a c i d and 2 ml. 

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

0.01 N sodium t h i o s u l p h a t e . 

"^he i n d i c a t o r i s made by m i x i n g 5 grams o f t h e f i n e l y d i v i d e d 

s o l i d w i t h 1-2 mis. e t h a n o l , a dding 100 mis. c o l d w a t e r , and b o i l i n g 

f o r a few m i n u t e s w i t h v i g o r o u s s t i r r i n g , t o g i v e a f a i n t l y o p a l e s 

c e n t s o l u t i o n . T h i s 5fo s t o c k s o l u t i o n i s d i l u t e d t o 0.1^ s t r e n g t h 

as r e q u i r e d . 

The s t o c k i o d i n e s o l u t i o n was f o u n d t o be 0.0489 11 f o r the 

f i r s t s e r i e s o f r u n s , and was r e s t a n d a r d i s e d f o r the bromobutene 

r u n s a t 0.0473 M. 

(b ) A l l y l Bro.nide runs 

A s o l u t i o n o f t h e o l e f i n was made by d i s s o l v i n g 6 gm. i n one 

l i t r e o f w a t e r , and s t a n d a r d i s e d by t a k i n g a 5 £̂ 1. sample, adding 

d i l u t e s u l p h u r i c a c i d £uid 10 m l . o f 0.1 N po t a s s i u m bromide/ 
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potassiu--.! bromate s o l u t i o n , s t o p p e r i n g w e l l and sh a k i n g t he f l a s k 

f r o m t i m e t o t i m e t o g i v e t he bromine r e l e a s e d ti-ae t o r e a c t , The.excfs5 
b r o ( r , i i , M t U j c c <£'.̂ t«rt'io.̂ 5ci Vikj c.ddib'oji tz, s t e i A c J a r c A f s o t o& ^ s i , ' w \ i o d i d e Sol o t i o i ^ ^ tKP'^ 
t i t r a t i o i r i . a g a i n s t 0.1 N sodium t h i o s u l p h a t e . Tlie c o n c e n t r a t i o n was 

foiond t o be 0,0374 M. 

120 mis. o f t h i s s o l u t i o n were t a k e n and p u t i n t o a 20*^0 thermo

s t a t i i n t i l t h e ambient t e m p e r a t u r e was a t t a i n e d . Then 10 mis. o f 

i o d i n e s o l u t i o n were added. Zero time was taken when t h e i o d i n e 

s o l u t i o n s t a r t e d t o r u n out f r o m the p i p e t t e . 10 ml. samples o f the 

r e a c t a n t s o l u t i o n were t a k e n a t i n t e r v a l s , and r u n i n t o 100 mis. 

w a t e r , d i l u t e s u l p h x i r i c a c i d and 2 mis. i n d i c a t o r added, and t i t r a t 

ed a g a i n s t 0.01 N Na^S^O^. 

Now, 
120 

I n i t i a l o l e f i n c o n c e n t r a t i o n = 0,0374 x molar 
= 0.0345 molar 

and 

I n i t i a l i o d i n e c o n c e n t r a t i o n = 0.0489 x 

= 0.00376 molar 

T h e r e f o r e we can use the f o l l o w i n g f o r m o f the r a t e e q u a t i o n 

where a = i n i t i a l c o n c e n t r a t i o n o f i o d i n e ( p r o p o r t i o n a l t o t i t r e ) 

a - X = c o n c e n t r a t i o n o f i o d i n e a t t i m e t minutes ( p r o p o r t i o n a l t o 

t i t r e ) 

b = c o n c e n t r a t i o n (assumed c o n s t a n t ) o f o l e f i n . 
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The r e s u l t s o f t h e two r m i s and the c a l c u l a t i o n o f the r a t e 

c o n s t a n t are s e t ou t below. Time ( t ) i s measured from t he t a k i n g 

o f t h e f i r s t sample. and a i s t a k e n as the f i r s t t i t r e . 

Run 1 

t a - X a a ^2 
(min. '''nole . '''1. ) ( m i n . ) a - X a — X 

^2 
(min. '''nole . '''1. ) 

0 6.60 1.000 

65 6.03 1.0945 0.0393 0.040 

120 5.56 1.187 0.0745 0.04l 

167 5.10 1.294 0.1120 0.045 

217 4.88 1.352 0.1309 o.o4o 

273 4.30 1.535 0.1860 0.046 

Run 2 

t a - X a 

( m i n . ) .(ml.) 
a - X l o g 

a - X (min.''"mole . "̂ 1. ) 

0 6.71 1.000 

56 6.17 1.0875 0.0365 0.044 

111 5.70 1.177 O.O7O8 0.043 

157 5.4i 1.240 0.0934 0. o4o 

208 5.07 1.323 0.1216 0.039 

264 k.k6 1.504 0.1772 0.045 
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The mean v a l u e f o r k^ i n each r u n i s 0.042, 

( c ) 4-bromobutene ru n s 

T h i s o l e f i n was c o n s i d e i - a b l y l e s s w a t e r - s o l u b l e t h a n a l l y l / 

b romide. 150 ml. o f a 0.00495 M s o l u t i o n were talcen and 10 ml. 

i o d i n e s o l u t i o n ( r e s t a n d a r d i s e d a t 0,0473 M) added. Since the o l e f i n 

i s now no l o n g e r i n g r e a t excess over the i o d i n e , we use the r a t e 

e x p r e s s i o n 

2.303 T b ( a - x ) = t t £ b ) I ( f e t '^2 = 

where a = i n i t i a l c o n c e n t r a t i o n o f o l e f i n 

b = i n i t i a l c o n c e n t r a t i o n o f i o d i n e 

( a - x ) and ( b - x ) are the c o n c e n t r a t i o n s o f o l e f i n and i o d i n e 

r e s p e c t i v e l y a t ti m e t m i n u t e s , 
-4 

Now b = 0.002956, or 11.83 X 2,5 X 10 , i . e . 10 m l . o f the i n i t i a l 

r e a c t a n t s o l u t i o n t^ould g i v e a t i t r e o f 11.83 l a l . a o a i n s t 0,01 N 

t h i o s u l p h a t e , S l i n i l a r l y , a = 0.004640 = 18.56 x 2.5 x 10"^. I . ̂  t he 

f o l l o w i n g t a b l e s b - x i s v ^ r i t t e n as the t i t r e and a - x = b - x + 

(18.56 - 11.83). The r a t e e x p r e s s i o n reduces t o 
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Run 1 

t 

( m i n) 

b - x a. - X 
l o g a 

a - x ) 
(b - x ) / . - 1 , - 1 , \ (mm. mole . 1. ) 

0 11.83 
( c a l c . ) 

50 10.16 16.89 0.0248 0.679 

75 9.4l 16. l4 0.0336 0.704 

85 9.22 15.95 0.0426 0.686 

120 8.37 15.10 0.0607 0.592 

14 0 8.11 14.84 0.0667 0.652 

170 7.^5 14.13 0.0839 0.675 

190 7.32 14.05 0.0875 0.704 

210 6. SO 13.53 0.1031 0.671 

260 6.16 12.S9 0.1252 0.659 

320 5.60 12.33 0,l473 0.630 

The r;jean v a l u e f o r k^ i s 0.675 
Run 2 

t 

( m i n . ) 

b - x a - x 
a|b - x! 

^̂ 2 
(minT''"nole, 

0 11.83 
( c a l c . ) 

18,56 

50 10.30 17.03 0.0228 0.624 

76 9.39 16,12 0.0390 0.702 

86 9.19 15.92 0.0430 0.684 

101 8.84 15.57 0.0500 0.677 
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Run 2 c o n t . 

t 

( r u i n . ) 

120 

150 

170 

191 

240 

300 

b - X a - X 
losr b ( a - X 

8.38 

7.56 

7.42 

7.10 

6.38 

5.50 

15.11 

14.29 

14.15 

13.83 

13.11 

12.23 

a l b - X 

0.0604 

0.0810 

0.0849 

0.0941 

0.1173 

0.1517 

(min. "''nole . '''1. ) 

0.689 

0.739 

0.683 

0.674 

0.669 

0.692 

Mean v a l u e i s 0,683 f o r Run 2. The r a t e constemt f o r bro -'O-

butene i s t h e r e f o r e f o u n d t o be O.679 minT'^'moleT''' 1. 

( d ) ^-hvonoxyentene r u n s 

150 m l . o f 0.002225 M o l e f i n s o l u t i o n was talcen, and 1 0 . : i l . o f 

s t o c k i o d i n e s o l u t i o n (0.0473 i i ) added. .*. a = i n i t i a l c o n c e n t r a 

t i o n o f i o d i n e = .002956 (= 11.82 x 2.5 x 1 0 ~ ^ ) , and b = i n i t i a l 

o l e f i n c o n c e n t r a t i o n = 0.002086 (=8.34 x 2.5 x 1 0 ~ ^ ) , The r a t e 

e q u a t i o n t h u s reduces t o 

k = 2647 l o g 0.7057 a - X 
b - X 

-143-



Run 1 

t 

( m i n . ) 

a - X b - X 
l o g 0.7051 z 

b - X 

^2 
( min. •''mole . '''l. 

0 11.82 
( c a l c . ) 

8.34 

7 11.25 7.77 0.0095 3.59 

15 10.81 7.33 0.0174 3.07 

27 9.85 6.37 0.0378 3.71 . 

31 9.73 6.25 0.0411 3.51 

37 9.52 6.04 0.0461 3.30 

45 9.22 5.74 0.0543 3.20 

55 8.69 5.21 0.0708 3.41 

60 8.53 5.05 0.0762 3.36 

75 8.16 4.68 0.0902 3.18 

90 7.82 4.34 0.1045 3.07 

110 7.46 3.98 0.1213 2.92 

132 7.05 3.57 0.1442 2.89 

l 6 l 6.75 3.27 0.1634 2.69 

Run 2 
t 

( m i n . ) 

a - X b - X 
l o g b ( a - x ) 

a(b - x ) 
^2 

( min. "^mole. "''1 

0 11.82 
( c a l c . ) 

20 10.28 6.80 0.0281 3.72 

30 9.7.0 6.22 0.04l4 3.65 

40 9.15 5.67 0.0566 3.75 
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Run 2 c o n t . 

t a - x b - x V k„ 
l o g ^ e - ^ 2 

( m i n . ) - ^) ( m i n T ^ n o l e T ^ l . ) 

50 8.84 5.36 0.0660 3.49 

63 8.49 5.01 0.0777 3.26 

75 8.15 4.67 0.0902 3.1s 

92 7.75 4.27 0.1075 3.09 

The v a l u e f o r k^ o b t a i n e d f r o m Run 1 i s 3.22, and fro m Run 2, 

3.45. The r a t e c o n s t a n t f o r 5-t)ro.lopentene i s thus 3*34 moleT'^l. 
. -1 mm. 

( e ) 6-bromohexene 

T h i s o l e f i n was v e r y s p a r i n g l y s o l u b l e i n water. 250 ml. o f a 

0.0003525 M s o l u t i o n were t a k e n , and 5 m l . o f i o d i n e s o l u t i o n . I n 

o r d e r t o make up the i o d i d e c o n c e n t r a t i o n , 12 ml. o f a 0.1 N s o l u 

t i o n o f p o t a s s i u m i o d i d e was a l s o added, 20 n l , samples v/ere talcen 

and t i t r a t e d a g a i n s t 0.002 N sodiura t h i o s u l p h a t e . 

The t i t r e a t time zero was t h i s t i m e e s t i ^ i a t e d by e x t r a p o l a t i o n 

o f t h e t i t r e v. time c u r v e , and was 17.52 f o r Run 1. .'. a = 17*52 

X 5 X 10"^ = 0.0008760. b = i n i t i a l o l e f i n c o n c e n t r a t i o n = 0.0002885 

(= 11.75 X 5 X 10~^), Thus we have f o r t h e r a t e e q u a t i o n : 

^ m i xog 0.6707 
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Run 1 

t a - x b - x ^2 
l o g 0.6707 _1 _1 , 

( m i n . ) (min. mole. 1.) 

0 17.52 11.75 
e s t . 

30 16.78 11.01 0.0095 2.53 

52 16.30 10.53 0.0162 2.49 

75 15.93 10.16 0.0220 2.34 

100 15.55 9.78 0.0277 2.21 

140 14.85 9.08 0.0402 2.29 

170 14.34 8.57 0.0506 2.35 

213 14.01 8.24 0.0569 2.13 

246 13.67 7.90 0.0645 2.09 

274 13.55 7.78 0.0674 1.96 

Mean v a l u e f o r k^ f r o m Run 1, 2.27. 

For R u n 2, b y e x t r a p o l a t i o n a = 17.46 X 5 X 10"^ = 0.0008730. 

i n i t i a l o l e f i n c o n c e n t r a t i o n = 0.0005875 (= 11.75 X 5 X 10"^). 

The r a t e e q u a t i o n f r o m which t h e r a t e c o n s t a n t i s c a l c u l a t e d i s t h e n 

. s o i l l o g 0.6730 f-e-" X 
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Run 2 

t 

min. ) 

a - x b - x l o g 0.673 ^ : I ^2 
(min. •''mole , " ' " I . ) 

0 17.46 11.75 
es t . 

1 17.37 11.66 0.0013 10.50 

25 16.93 l l i 2 2 0.0069 2.23 

52 16.30 10.59 0.0154 2.39 

70 15. S i 10.10 0.0224 2.58 

100 15.52 9.81 0.0273 2.20 

140 14.77 9.06 0.0402 2.32 

180 14.38 8.67 0.0480 2.15 

210 13.89 8.18 O.O58I 2.23 

240 13.66 7.95 0.0629 2.11 

270 13.41 7.70 0.0639 2.06 

Mean v a l u e o f k ( e x c l u d i n g f i r s t r e a d i n g ) i s thus 2.25. There 

ore t h e mean r a t e c o n s t a n t f o r the two runs on bromohexene i s 2.26 

• -1 n - I T mxn. mole. 1. 

-147-. 



REFERENCES 

1. H. Bodot and J. J u l l i e n , B u l l . Soc. Chim. France, I962, l 4 8 8 . 

2. ' Mar k o v n i k o v , Annalen, I87O, I 5 3 , 256. 

3. Linnemann, Annalen, 1872, I 6 3 , 96. 

W i s l i s c e n u s , i b i d . , 1873, 166, 1. 

4. M.S. Kharasch, H. Engelmann and F.R. Mayo, J. Org. Chen., 

1938, 2, 288. 

5. ( a ) M.L. B i r d and O.K. I n g o l d , J. Chem. S o c , 1938, 918. 

( b ) O.K. I n g o l d and F.R. Shaw, J. Chem. S o c , 1949, 575. 

6. U.S. Kharasch, S.C. K l e i g e r , and F.R. Mayo, J. Org. Chem., 

1939, 4, 430. 

7. J. Ber.^in, 1/. Eng., H.P.A. G r o l l and G. Hearne, I n d . !Sn.";. Chem.,| 

1939, 11, 1413. 
8. F r i e d e l and S i l v a , J a h r e s b e r , I 8 7 1 , 4o4; I872, 322. 

9. J.E. Dubois and G. Mouvier, T e t r a h e d r o n L e t t e r s , I963, 1325. 

10. J.E. Dubois and E, Goetz, T e t r a h e d r o n L e t t e r s , I965, 303. 

11. F.C. ¥hitmore and F. Johnston, J. A.ner. Chem. Soc., 1933, 55, 

5020. 

12. G.G. Ecke, N.C. Cook, F.C. T;hit.nore, J. ̂ \mer. Chen. Soc. , 1950, 

12, 1511. 

13. F.R. Mayo, e t . a l . , J. Amer. Chem. S o c , 1946, 6^, 1339, 1348. 

14. Y. Pocker, J. Chem. Soc., I96O, 1292. 

15. Y. Pocker, J. Chem. S o c , 1958, 240. 

-148-





16. Reviews: (a) G. I J i l l i a m s , Trans. Faraday S o c . 19^1, 2I> 7^9« 

(b) P.3.D. de l a Hare, Quart. Rev., 19^9, 2> 126. 

( c ) P.3.D. de l a Hare, Ann. Reports, 1950, V^, 126. 

17. P.W. Robertson, N.T. Cl a r k , K.J. McNaught and Paul, 

J . Chem. Soc., 1937, 335. 

18. K. Tfalker and P.¥. Robertson, J . Chern. S p c , 1939, 1515, 1509. 

19. P.W. Robertson e t . a l . , J . Cheai.Soc, 19^5, 129, 131, 888, 891. 

20. P.¥. Robertson, e t . a l . , J . Cheni. Soc.. 19^7, 628, 63O; 19^3, 

980. 
21. P.W. Robertson, e j t . a l , , J . Che^i. S o c , 19^9, 29^; 1950, 012. 

22: P.W. Robertson, e t . a l . , J . Chem. S o c , 1950, I628, 283^}, 2B36. 

23. J.R. Shelton and Liung Huang Lee, J . Org. Chem., 196O, 2^, ̂ 28, 

907. 
2h'. .^.3.D. de l a Mare and R. Bolton, " E l e c t r o p h i l i c Additions to. 

Unsaturated Systems", Wo. 4 i n the s e r i e s "Reaction liechanisms 

i n Organic Chemistry", E l s e v i e r , I966, p.76. 

25. J.tf. F r a n c i s , J . Aiaer. Chem. Soc.. 1925, itZ, 23^0. 

26. P.D. B a r t l e t t and D.S. T a r b e l l , J . Amer. Chem. S o c . 1936, 58. 

466. 

27. P.IJ. Robertson, e_t. a l . , J . Chem. S o c . 1937, 355; 1950, l624. 

28. P.B.D. de l a Mare, i n T h e o r e t i c a l Organic Chernistry',' the 

Kekule Symposium, Butterworth, London, 1953, p.219. 

29. E.D. Hughes, Trans. Faraday Soc.. 19^1, 21> 763. 

30. E.A. S h i l o v , B u l l . Soc. Chiin. France. 1963, 2903. 

31. P.!'7. Robertson, e t . a l . , J . Chem Soc. , 1938, 179; 19^7, 628; 

1950, 812, 2191. 

-149-



32. F.D. Chattaway and G. Hoyle, J . Chem. S p c . 1923, 123. 654. 

M.S. S h e r r i l l aiid E.F. I z z a r d , J . Araer. Chera. Soc. . 1931, 53. 

1667. 

33. J.R. Atkinson and II,P. Bell, J . Chera. S n c . I963, 3260, 

3k. L. Smith and S. Skyle, Acta Chim. Scand.. I95O, k, 39. 

35. P.B.D. de l a Mare and J.G. P r i t c h a r d , J . Che^. S o c . 1954, 3990.| 

36. L. Smith and S. Skyle, Acta Chim. Scand., 1951, 1, lhl5. 

37. U.S. Patent. 2, 711, 023. 

38. P.B.D. de l a Mare, P.G. Naylor, and D.L.H. TJilliaras, J . Che'a. 

Soc.. ( a ) 1962, 443 (b) 1963, 3^29. 

39. P. B a l l i n g e r and P.H.D. de l a Mare, J . Chera . S o c . 1957, l 4 8 l . 

40. D . L . I I . T/illiams, Chem. and Ind. , I963, I656. 

41. P.S.D. de l a Mare and J.G. P r i t c h a r d , J . Chem. S o c . 1954, 3910. 

42. E.A. S h i l o v e t . a l . , Zh. F i z . Chim.. 1936, 8, 909; 1937, 10, 123; 

1939, 12, 759, 1242, 1563; C ^ . 1937, 31, 2025; 1933, 32, 4 l 4 ; 

1940, 2J±, 778; 1941, 21' 371; see a l s o : C^., 1952, 46, 3376, 

9958. 

43. J . Meisenheimer, Anna1en. 1927, 456. 139. 

44. Sheshukov, J . Russ. Phys. Chem. S p c , 1884, i S , 478. 

45. P o g o r s h e l s k i , J . Russ. Phys. Che^i. S o c , 1904, 1129-

46. Kondakoff, J . Russ. Phys. Chem. S e e . 1385, 17, 29O. 

47. D.V. Tischenko, J . Gen. Che..i. U.S.G.R.. 1P36, 6, I I I 6 (C_^. ,1937j 

21, 1003); i b i d . , 1938, 8, 1326, ( c ^ . , 1939, 12, ̂ 190. 

48. P. B a l l i n g e r , P.B.D. de l a Mare and D.L.l-I. T.'illiams, J . Che-i. 

Soc. , 1960, 2467. 

-150-



49. P.B.D. de l a Mare and A. Sala.ia, J . Cheni. Spc. . 1955, 3337. 

50. R.IJ. T a f t , J . Amer. Chen. Soc., 1948, JO, 3364. 

51. R.T. Arnold and \J .\I. Lee, J . A^er. Chem. Soc., 1953, H, 5396. 

52. P. B a l l i n g e r , P.B.B. de l a Mare, and D.L.II. ^ ' i l l i a m s , J . Che i. 

Soc. , 1 9 6 0 , 2 4 6 7 . 

53. S. Mar'-nor and J.G. I l a r o s k i , J . Orfi;. Chern., I966, 21> ^-^273. 

54. J.C. Martin and E.K. Drew, J . Arner. Clien. S o c , I961, 3^, 1232. 

G. . F r a e n k e l and P.D. B a r t l e t t , i b i d . , 1959, 81, 5 5 3 2 . 

55. S. Ilarinor, J . Org. Chesi. , I965, 2£» 3555. 

56. B. Capon, Quart. Rev., 1964, p.45. 

57. ( a) S. I / i n s t e i n , B u l l . Soc. Chim. , 1951, C.55. 

(b) S. U i n s t e i n and E, Grimwald, J . Amer. Chein. Soc., 1948, 70. 

8 2 8 . 

5 8 . Bohme and B e l l , Ber., 1948, 81, 123. 

59. ¥.A. Cowdrey, E.D. Hughes and O.K. Ingold, J . Chem. S o c , 1937, 

1243. 

60. E. Grunwald and S. E i n s t e i n , J . Amer. Chem. Soc., 1 9 4 8 , 22, 3 4 1 . 

61. E x t r a p o l a t e d from r e s u l t s at higher temperatures : K.T. LeTfec'c, 

R.E. Robertson, and G.E. Su£-am.ori, Canad. J . Chem., I 9 6 I , 39, 

1 9 8 9 . 

62. S.D. Ross, J . .••kner. Chen. Soc.. 1 9 4 7 , 6^, 2 9 8 2 . 

63. J.E. Charlton, I . Dostrovsky and E.D. Hughes, Neture, 1951, I 6 7 , 

986. 

6 4 . E.E. van Tamelen and M. Sharama, J . Amer. Chem. S o c , 1954, 76, 

2315. 

-151-



65. R.J. L i n s t e a d and C.J. May, J . Chea. S o c . 1927, 2565. 

66. D.S. T a r b e l l and P.D. B a r t l e t t , J . Amer. Chem. S e e . 1937, 59. 

407. 
67. R.O.C. Norman and C.B. Thomas, J . Chem. S o c . I967 (B) 598. 
68. ( a ) P.E. Peterson and E.V.P. Tao, J . Amer. Chem. S o c . 1964, 86, 

4503. 
(b) P.E. Peterson and J.E. Duddey, J . Amer. Cher.i. Soc., I963, 

8^, 2865. 

69. ( a) P.E. Peterson and G. A l l e n , J . Amer. Chem. Goc., I963, 85, 

36O8. 

(b) P.E. Peterson and C. Casey, Tetrahedron L e t t e r s , I963, 1569. 

70. P.E. Peterson, C. Casey, E.V.P. Tao, A. Agtarep and G. Thor".pson, 

J . Amer. Chem. S o c . I965, SJ, 5163. 

71. P.E. Peterson and R.J. Bopp, J . Amer. Chem. S o c , I967, 89,1283. 

72. D.L.H. Williams, Tetrahedron L e t t e r s . I967, 21, 2001. 

73. ( a) D.L.I-J. I J i l l i a m s , E. Bienvenue-Goetz and J.E. Dubois, J . Chem, 

Soc., ( B ) , 1969, i n the p r e s s , 

(b) D.T/. Pearson, D.L.II, T f i l l i a . i s , E. Bienvenue-Goetz and 

J.E. Dubois, to be pu-jlished. 

74. H.T/. Heine, A.D. M i l l e r , ::.H. Barton and R.U. Greiner, J . Asier. 

Chem. S o c . 1953, 11, 4778. 

75. E.N. Rengevich, V . I . Stomineto and E.A. Sh i l o v , Dokl. Akad. 

Navk.. 1962, 146, 111. 

76. See E.L. S l i e l , "Stereochemistry of Carbon Compounds", M̂ . Grnw-

H i l l , New York, I962, p.198. 

-152-



77. A. McKenzie, J. Chem. Soc., 1912, I I 9 6 . 

P.F. Frankland, i b i d . , 673. 

Michael, J . P r a k t . Chem.. 1895, I g , 293. 

E.M. T e r r y and L. S i c h e l b e r g e r , J. Amer. Chem. Soc.. 1925, 47. 

1068. 

78. H.J. Lucas and C.¥. Gould, J. Amer. Chem. Soc.. 194l, 63, 2541. 

79. P.D. B a r t l e t t , J. Amer. Chem. Soc.. 1935, i l , 2 2 4 . 

80. P.B.D. de l a Mare and S, Galandauer, J. Chem. Soc.. 1958, 36. 

81. R.E. Buckles, J.L. F o r r e s t e r , R.L. Burham and T.l!. McGee, J. Orr:. 

Chem., 1960, 2^, 24. 

82. I . Roberts, and G.E. Kim b a l l , J . Amer. Che-i. Soc. . 1937, 59.947. 

83. S. Winstein, J. Amer. Chem. S Q C . 19^2, 6 4 , 2793. 

8 4 . M.J.S. Dewar, J. Chem. S p c . 1946, 406, 777. 

85. M.J.S. Dewar and R.C. Fahey, Angewande Chemie. I n t . Edn., 1964, 

1, 245. 
86. C.L. Arcus, Chem. and Ind., 1947, 442. 

87. A.D. Walsh, Nature. 1947, H i , l 6 5 , 712; J. Chem. S o c , 1947,39. 

8 8 . O.K. Ingold, " S t r u c t u r e and Mechanism i n Or.^aiiic Chemistry", 

G. B e l l and Sons, London, 1953. 

89. M.J.S. Dewar, D j s c u s s Faraday S o c . 19^7, 2, 75; B u l l . Soc. 

Chim., 1951, C.7I. 

C.A. Stewart and C.A. Vander Werf, J. Amer. Che 2. Soc., 1954, 

16, 1259. 

P.B.D. de l a Mare i n Klyne, "Progress i n Stereochemistry". 

Butterworth, London, 1955. 

-153-



9 0 . C.K. Ingold and H.G. Smith, J . Chem. S p c , 1 9 3 1 , 2 7 4 2 , 2 7 5 2 . 

9 1 . P.G. Naylor, Ph.D. T h e s i s . U n i v e r s i t y of London, I96I. 
9 2 . P..B.D. de l a Mare and J.G. P r i t c h a r d , J . Chem. Soc. , 1 9 5 4 , 3 9 9 0 . 

9 3 . C.A. Cla r k e and D.L.H. Williams, J . Chem. S o c . I 9 6 6 , 1 1 2 6 . 

9 4 . P.B.D. de l a Mare, N.V. K l a s s e n and R. Koenigsberger, J . Chem. 

Soc.. 1 9 6 1 , 5 2 8 5 . 

9 5 . P.B.D. de l a Mare, M.D. Johnson and A. Sexton, unpublished 

r e s u l t s . 

9 6 . P.B.D. de l a Mare, M.D. Johnson, J.S. Lomas and V. Satichez d e l 

Olrao, J . Chem. S p c . ( B ) , I 9 6 6 , 8 2 7 . 

9 7 . R.C. Fahey, and C. Schubert, J . Amer. Chem. Soc.. I 9 6 5 , 8 7 . 

5 1 7 2 . 

9 8 . M.C. C a b a l e i r o and M.D. Johnson, J . Chem. Soc., I967, ( B ) , 5 6 5 . 

9 9 . As 2 4 . 

1 0 0 . P.B.D. de l a Mare and R. Koenigsber,jer, J . Chem. Soc. , 1 9 6 4 , 

5 3 2 7 . 

101. G.A. Olah and P..E. Peterson, J . Amer. Che.n. Soc.. I968, 90. 

4 6 7 5 . 

1 0 2 . As 42. 

1 0 3 . ( a ) G.C. I s r a e l , J.K. Martin and E.G. Soper, J . Che.i. S o c , 

1 9 5 0 , 1 2 8 3 . 

(b) K.D. Reeves and G.C. I s r a e l , i b i d . . 1 9 5 2 , 2 3 2 7 . 

( c ) D.A. Craw and G.C. I s r a e l , i b i d . , 5 5 0 . 

1 0 4 . F.G. Soper and G.F. Sraith, J . Chea. SQC. , 1 9 2 6 , 1 5 8 2 . 

1 0 5 . P.3.D. de l a Mare, E.D. Hughes and C.A. Vernon, Research, 1 9 5 0 , 

3, 1 9 2 , 2 4 2 . 

- 1 5 4 -



106. C.G. Swain and A.D. Ke t l e y , J . Amer. Chem. Soc.. 1955, H, 34lO. 

107. P.B.D. de l a Mare, A.D. K e t l e y and C.A. Vernon, J . Chea. Soc.. 

1954, 1290. 
108. J.G. F r i ^ c h a r d , Ph.D. T h e s i s , London, 1954, p.117. 

109. J . Arotsky and M.C.R. Symons, Quart. Rev., I962. 

110. R.P. B e l l and E. G e l l a s , J . Chen. SpC.. 1951, 2734. 

111. P.B.D. de l a Mare and J.H. Ridd, "Aromatic S u b s t i t u t i o n , 

N i t r a t i o n and Halogenation", Acade.iic P r e s s , London, 1959. 

112. D.R. Harvey and R.O.C. IToruan, J . Chem. S o c . I96I, 36o4. 

113. D.H. Derbyshire and IJ.A. ^''r.ters, J . Chem. S o c . 1950, 3695. 

114. H.C. Mishra and M.C.R. Symons, unpublished r e s u l t s , c i t e d i n 

109. 
115. D.L.H. Will i a m s , to be published, J . Che.n. Soc. , I969. 

116. D.L.n. T/illiams, Ph.D. T h e s i s , London, I96O. 

117. J . Arotsky, H.C. Mishra and M.C.R. Sym.ons, J . Cheu. Soc. , 1962, 

2582. 

118. M. Anbar, S. Gutmann and R. Rein, J . .'kner. Chem. Soc. , 1959, 

81, 1816. 
119. P. Debye, Trans. S l e c t r o c h e n . Soc., 1942, 82, 265. 

120. J.A. Hopvjood and D.L.H. ¥illia.as, J . Chem. S o c , ( B ) , I96S, 718.. 

121. (a) A.E. N e i l s e n , J . C o l l o i d . S c i . , 1955, 10, 576. 

(b) G.H. Nancollas and N. Purdie, Quart. Rev., 1964, 18, 1. 

122. C.¥. Davies and A.L. Jones, D i s c u s s . Faraday. Soc., 19^9, ^,103. 

123. P.B.D. de l a Mare and J.T. Harvey, J . Chetr. Soc. . 1956, 36. 

124. A.L. Henne and M.¥. R e n o l l , J . Amer. Chem. Soc.. 1937, 52,2434. 

-155-



125. West and M. Farnsworth, Trans. Faraday Soc., 1931, 22., l47. 

126. H. Goudet and F. Scljeiil-cer, Kelv. Chi'-g. Act??. . 1927, 10, I36. 

127. G. Chavanne, Cojipt. Rend. . 19l4, I5O, I69S. 

128. Szper, B u l l . Soc. ChiM. France, 1932, 4, 653-

129. Henry, Ber., 1872, 1, 190. 

130. F.3. La f a r g e , N. Green and vf.A. G e r s d o r f f , J . V-ier. Cheu. Soc.. 

1948, 10, 3707. 

131. R.S. L y l e , E . J . DeWitt and I.C . P a t t i s o n , J . Org. Chem.. 1956, 

21, 61. 

132. H.C. Chitwood and B.T. Fr e u r e , J . -i^mer. Chem. S o c . 1946, 6 8 . 

6 8 0 . 

133. D.R. Boyde and E.R. Marie, J . Amer. Cfaem. Soc.. I 9 O 8 , 839. 

134. J.D. Ingham and P.L. I l i c h o l s , J . Amer. Chem. Soc. . 1954, 26, 

4472. 
135. S. Tfinstein and L. Goodman, J . Ainer. Chem. Soc., 1954, 76, ':363. 

-156-


