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ABSTRACT

The so lv o ly s i s  of  severa l  t r i a r y l c h l o r o a l l e n e s  was in v e s t i g a t e d  
to  determine the  r e a c t io n  mechanism. In aqueous acetone these  a l l e n y l  
c h lo r id e s  so lvo lyze  to  c h lo r id e  ion and the  s u b s t i t u t e d  propargyl a l ­
cohol by an S^l type mechanism. Kine t ic  s tu d ie s  revealed f i r s t - o r d e r  
r a t e  behav io r ,  and the r a t e  of  product  formation was increased  by i n ­
creased  so lv e n t  p o l a r i t y ,  and s e n s i t i v e  to s u b s t i t u e n t s  on the  cy-phenyl 
group. A p = - 2 .0  was computed from the r a t e s  o f  so lv o ly s i s  o f  >
3 ,3 - d ip h e n y l - l - a r y lc h lo r o a l  lenes a t  25° and Brown's <x+ c o n s t a n t s . These 
da ta  a re  c o n s i s t e n t  with formation of  an in te rm ed ia te  p rop arg y l -a l l en y l  
resonance c a t io n .  A c t iva t ion  parameters f o r  l - ( 4 -c h lo r o p h e n y l ) - 3 ,3 -  
diphenyl c h io ro a l le n e  were determined.

x



THE SOLVOLYSIS OF TRIARYHALOALLENES



INTRODUCTION

In a s e r i e s  o f  papers publ ished  in the  e a r ly  1930‘s Marvel, 

e t  , r epo r ted  the  p rep a ra t io n  of  a v a r i e ty  o f  ary l  s u b s t i t u t e d  

t e r t i a r y  propargyl a lcoho ls  ( I )  and the  convers ion o f  these  a lcoho ls  

to  the  corresponding h a l i d e s .*

R R X R
i l i I

aryl-C-CsC-R* aryl-C=C*C-R‘ aryl-C-C=C-R‘
• I
OH X

CD ( I I )  ( I I D

X = halogen a) R = R'=C6H6

b) R = C( CH3 )3 ; R' = C6He

c) R = Ceng; R‘ = C(CH3 )3

Related compounds had been prepared e a r l i e r  by Moureu and D u fra is se ,
2 Te t  a l . ,  ( l a )  , and Willemart  ( l b ,  I c ) .  At the  time o f  these  i n v e s t i ­

ga t ion s  the  p o s s i b i l i t y  of  an a c e ty l e n e - a l l e n e  rearrangement was recog- 

n ized  because o f  the  f req u e n t  low r e a c t i v i t y  o f  the  ha l id e s  to  s i l v e r  

ion and the formation of  a l l e n y l  products during some r e a c t i o n s .  How­

e v e r ,  propargyl s t r u c t u r e s  ( I I I )  were assigned the halo d e r iv a t iv e s  

s in c e  hydro lys i s  y ie ld e d  the  o r ig in a l  propargyl a lc o h o l .

2
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R
• H20

aryl-C-C=C-R' ------
i
X

( H I )  ( I )

In 1964 a re-examinat ion  o f  a number of  these  h a l ides  by Jacobs 
4and Fenton e s t a b l i s h e d  t h e i r  s t r u c t u r e s  as the  a l l e n y l  ( I I )  r a t h e r  

than the  propargyl  co n f ig u ra t io n

^  K
^C=C=C^ not -C-CEC-

This i n v e s t i g a t i o n  led  to  the  proposal t h a t  the  alcohol formed from 

h ydro lys is  a rose  by a t t a c k  a t  the  propargyl p o s i t io n  of  a carbonium 

ion (IV) formed by the  i n i t i a l  io n iz a t i o n  of  the  h a l id e .

„C-C=C-R"
R'

(IV)

The purpose of  the  p re sen t  work was to  e s t a b l i s h  the  mechanism f o r  

the  so lv o ly s i s  o f  ha lo a l l e n es  and the  v a l i d i t y  o f  the  assumptions of  

e a r l i e r  workers.

Because of  the  v i n y l i c  na tu re  o f  the  a l l e n y l  s t r u c t u r e  a b r i e f  

summary of  r ec en t  work in the  a rea  o f  vinyl ca t ion s  w i l l  now be p re ­

sen ted .  Early work, showing the  i n e r tn e s s  o f  simple vinyl h a l id e s
5toward a lc o h o l i c  s i l v e r  n i t r a t e  suggested vinyl ha l id es  were d i f f i c u l t l y  

so lvo lyzed .  However, in 1964 Grob and Cseh^ repor ted  the  s o lv o ly s i s

'  © n„C=C=C-R"
R'

R
t

aryl-C-C^C-R'
I
OH



4

of Q'-bromostyrenes v ia  an unimolecular  mechanism; thus lead ing  to  the  

rec o g n i t io n  of  vinyl h a l id e  s o lv o ly s i s  as a p l a u s ib l e  pathway to the  

study o f  vinyl  c a t io n s .  Vinyl c a t ion s  have been p o s tu la t e d  as i n t e r ­

mediates in o th e r  r e a c t io n s  as w e l l . ^  Grob and Cseh made use o f  the 

resonance s t a b i l i z i n g  a b i l i t y  o f  the  ad jacen t  ary l  group to  lower the 

energy o.f a c t iv a t io n  f o r  i o n iz a t i o n .  So lvo lys is  was repo r ted  to  ex­

h i b i t  f i r s t - o r d e r  r a t e  cons tan ts  which increased  with inc reas in g  e le c t r o n  

donating a b i l i t y  of  the  p a ra - s u b s t i t u e n t .  The r a t e  con s tan ts  were un­

changed by a d d i t io n  of  excess base and d i r e c t l y  dependent on the  s o l ­

vent composit ion as demonstrated by the  approximate t e n fo ld  inc rease  

in  the  r e a c t io n  r a t e  o f  <*-bromostyrene in going from 80% aqueous 

ethanol to  the  more ion iz ing  50% aqueous e th a n o l .  The p a r a - n i t r o  

compound, however, gave r e s u l t s  suggest ing  S^2 behavior  which was 

a sc r ib ed  to the  d e s t a b i l i z a t i o n  of  the  ca t ion  in te rm ed ia te  by the 

e lec t ron-withdrawing  c h a r a c t e r i s t i c  o f  the  n i t r o  group. The high 

energy of  the  t r a n s i t i o n  s t a t e  req u i re s  more extreme cond i t ions  to  

e f f e c t  r e a c t i o n ,  and the  competi t ive  b imolecular  e l im in a t io n  reac t io n  

becomes the  p r e f e r r e d  pathway.

Fur ther  work with ary l  s u b s t i t u e n t s  was performed by M i l le r  and 
8Kaufman who repo r ted  an S^l mechanism f o r  t r i a r y l i o d o e th y l e n e  s o l v o l y s i s ,

9
and by Rappoport and Gal who re p o r te d -v in y l  c a t ion s  from t r i a n i -  

sy lv iny l  h a l id e  s o l v o l y s i s .  An in v e s t i g a t i o n  o f  the  so lv o ly s i s  

o f  2 -brom o-l ,3 -bu tad iene  by Grob and S p a a r ^  u t i l i z e d  a conjugated 

double bond to s t a b i l i z e  a vinyl c a t io n .  The charge d e lo c a l i z in g  

a b i l i t y  o f  the  cyclopropyl  r ing  was used by Bergman and his  c o -w o rk e r s ^  

in t h e i r  i n v e s t i g a t io n s  of  the  so lv o ly s i s  o f  1-cy c lo p rop y l -1 - iodoethy lene
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f 12 and -propene systems.  Hanack and B ass le r  used s i m i l a r  compounds in

t h e i r  i n v e s t i g a t i o n  o f  s u b s t i t u e n t s  which encourage io n iz a t io n  by

s t a b i l i z a t i o n  of  the  in te rm ed ia te  vinyl c a t io n .  Huang and Lessard10

i n v e s t ig a t e d  halo enamines in which the  f ragmenta t ion  p a t t e r n s  o f  the

mass s p e c t r a  showed the  most important  fragmented ion to  be (V).

Phv ^Ph Phx ^Ph
/C=C <-  * C-C H e t c .o o

The ease  of  formation of  t h i s  c a t io n  suggested to  the  authors  the  

p o s s i b i l i t y  o f  such s t r u c t u r e s  (VI) undergoing SnI r e a c t i o n s .

m/e = 264

o
Phx xPh 

C=C
Xx X = C l , Br

VI

14Stang and Summerville repor ted  the  f i r s t  completely  a lkyl

s u b s t i t u t e d  vinyl  c a t io n  from the  so lv o ly s i s  o f  the  t r i f l a t e  ( t r i f l u o r o -

methanesulfonate)  e s t e r s  o f  c i s -  and t r a n s - 2 -b u te n - o l ,  although i t

had e a r l i e r  been repo r ted  by Pe terson  and I n d e l i c a to  t h a t  the  b ro sy la te
15aand t o s y l a t e  e s t e r s  o f . the  same compounds f a i l e d  to  r e a c t .  More

re c e n t  work by Pe te rson ,  e t  al_., on these  compounds would seem to
1 15bconfirm S tang 's  work, however.

With the  vinyl c a t io n  e s t a b l i s h e d  as a p l a u s ib le  in te rm ed ia te  in

a number o f  s o lv o ly s i s  r e a c t io n s  a study o f  the  e f f e c t  o f  the  a d d i t io n a l

double bond in  the  a l l e n y l  system was undertaken.  A l l y l i c  ha l id e s  undergo

s o l v o l y t i c  r e a c t io n s  a t  a r a t e  g r e a t e r  than t h a t  o f  t h e i r  s a tu r a t e d



analogs due to  charge d e lo c a l i z a t i o n  through the th ree -ca rbon  Tr-system. 

Work in  these  l a b o r a to r i e s  was undertaken to  determine whether a l l e n y l  

h a l i d e s ,  the  "unsa tu ra ted"  analogs o f  the a l l y !  system, would e x h ib i t

I t  can be seen t h a t  over lap  in  both cases is  s i m i l a r  and j u s t  

as in  the  a l l y l  system (VII) a s t a b i l i z i n g  e f f e c t  should be expected 

due to  the  d e lo c a l i z a t i o n  o f  charge in  the  ca t io n  through the  t h r e e -  

carbon TT-systern o f  the  a l l e n y l  system ( V I I I ) .  One might expect  a l l e n y l  

h a l id e s  to  so lvo lyze  a t  a r a t e  f a s t e r  than t h e i r  vinyl  c o u n t e r p a r t s .

A k i n e t i c  study of  the  t r i a r y l h a l o a l l e n y l  system was undertaken 

to  achieve the  s t a t e d  purposes o f  t h i s  work. Reaction progress  was 

fol lowed conductom etr ica l ly  with the  dete rmina t ion  of  r a t e  cons tan ts  

performed v ia  a l e a s t  squares a n a ly s i s  o f  the  experimental  d a ta .  

Reactants  and products were su b jec ted  to sp e c t r a l  a n a ly s i s  f o r  

i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n .

s i m i l a r  behav io r  under s o l v o l y t i c  co nd i t io n s . 17

a l l y l  h a l id e (VII)

allenyl halide (VIII)



EXPERIMENTAL

Routine melt ing  p o in ts  repor ted  below were determined with an 

Arthur H. Thomas c a p i l l a r y  melt ing p o in t  appara tus .  Melting po in ts  

and b o i l in g  po in ts  a re  uncorrec ted .  Routine i n f r a r e d  s p e c t r a  were 

ob ta ined  using a Perkin-Elmer Model 700 In f ra re d  Spectrophotometer. 

Accurate de te rm ina t ions  of  c h a r a c t e r i s t i c  absorp t ion  peaks in  the 

in f r a r e d  were ob ta ined  with a Perkin-Elmer Model 457 Grating Spec tro­

photometer . Sodium c h lo r id e  c e l l s  were employed in both cases .

Spec tra  on the  Model 457 were determined on s o lu t io n s  o f  carbon 

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

A. M ater ia ls

1. n-Butyl 1i th iu m , 22.6% by weight in hexane was obta ined  from Alfa

Ino rgan ics .  This m ate r ia l  was used without  f u r t h e r  p u r i f i c a t i o n .

2. Benzophenone, mp 48-49°, was obtained from J .  T. Baker Chemical Co.

This m ater ia l  was used w ithout  f u r t h e r  p u r i f i c a t i o n .

3* Thionyl C h io r id e , Reagent Grade, was ob ta ined  from J .  T. Baker

Chemical Co. This m ate r ia l  was used w ithout  f u r t h e r  p u r i f i c a t i o n .  

4* P y r i d i n e , C e r t i f i e d  A .C.S . ,  was obta ined  from F isher  S c i e n t i f i c

Co. This m ate r ia l  was used without  f u r t h e r  p u r i f i c a t i o n ,

5.. Acetone, Certi f ied* A .C .S . , used in the k i n e t i c  s t u d i e s ,  was

o b ta ined  from Fisher  S c i e n t i f i c  Co, Each 1.5 l i t e r s  was d i s t i l l e d

7
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from 60 g o f  potassium permanganate and approximately two grams 

o f  sodium hydroxide p e l l e t s .  The f r a c t i o n  c o l l e c t e d  between 56-56.5° 

was s e a le d  and s to re d  u n t i l  used. Each newly d i s t i l l e d  q u a n t i t y  of  

acetone was measured f o r  conductance before  each k i n e t i c  study 

and found to  have a maximum conductance of  l e s s  than f iv e  

micromhos a t  25° C.

6. 4-Chloroacetophenone, White Label ,  was obtained from Eastman Organic

Chemicals. This m ate r ia l  was used without  f u r t h e r  p u r i f i c a t i o n .

7. 4-Methylacetophenone, Yellow L abe l , was obtained from Eastman

Organic Chemicals . This m ateria l was used w ithou t  f u r t h e r  

p u r i f i c a t i o n .

8. Phosphorous P e n ta c h lo r id e , Reagent Grade, was obtained  from A l l ie d

Chemicals , Baker and Adamson. This m ater ia l  was used'.without 

f u r t h e r  p u r i f i c a t i o n .

9. Anisaldehyde, White Label,  was obta ined  from Eastman Organic

Chemicals. This m ater ia l  was used w i thou t  f u r t h e r  p u r i f i c a t i o n .

10. Malonic Acid , Reagent Grade, was obtained from F isher  S c i e n t i f i c  Co.

This m ate r ia l  was used w ithout  f u r t h e r  p u r i f i c a t i o n .

Bromine, Reagent Grade, was ob ta ined  from A l l ied  Chemical, Baker and 

Adamson. This m ate r ia l  was used without  f u r t h e r  p u r i f i c a t i o n .

12. Potassium t-Butoxide  was obta ined  from Alfa Inorgan ics .  This m ate r ia l

was used w ithout  f u r t h e r  p u r i f i c a t i o n .

13. 4-Methoxycinnamic acid  was prepared by adapting a procedure from
18Organic Reactions.  One mole (136 g) o f  anisaldehyde and 126 g



(1 .2  mole) o f  malonic ac id  in  200 ml o f  abso lu te  e thanol was 

t r e a t e d  with approximately  210 g of  an ammonia s o lu t io n  prepared 

by adding 65 ml o f  aqueous ammonia, 15M, to 245 ml o f  abso lu te  

e thanol  (one mole NH3). The add i t io n  o f  the  ammonia so lu t io n  

p r e c i p i t a t e d  a white  s o l i d .  This mixture was then placed in 

an o i l  bath a t  100° and re f lu xed  f o r  one hour. (The p r e c i p i t a t e  

d isappeared  a f t e r  r e f lu x in g  began). When most of  the  ethanol 

had been removed by d i s t i l l a t i o n ,  a yellow s o l i d  separa ted .

The tempera ture  o f  the  o i l  bath was r a i s e d  to  110° and main­

t a in e d  u n t i l  ev o lu t io n  o f  carbon d ioxide  ceased.  D i s t i l l a t i o n  

o f  the  e thanol was continued u n t i l  the  product  seemed dry .  At 

t h i s  p o in t  700 ml o f  d i s t i l l e d  water  and a q u a n t i ty  o f  sodium 

carbonate  s u f f i c i e n t  to  d is so lv e  most o f  the  s o l i d  was added. 

Undissolved m ate r ia l  was f i l t e r e d  and the  f i l t r a t e  added to  a 

cold  s u l f u r i c  ac id  so lu t io n  (approximately 25% H2 S04 ).  A 

white  p r e c i p i t a t e  formed which was f i l t e r e d ,  washed th ree  times 

with w a te r ,  and l e f t  to  dry ,  mp 167-169° ( l i t .  166-168°).*^

4-Methoxyphenylacetylene v/as prepared by adapt ing  a procedure
19rep o r ted  by Allen and Cook. F i f t y  grams of  p-methoxycinnamic 

ac id  was placed in a o n e - l i t e r  round bottom f l a s k  f i t t e d  with 

r e f lu x  condenser ,  s t i r r e r ,  and dropping funnel .  To t h i s  was

. added 250 ml of  chloroform. The f l a s k  was then placed in  ice 

wa te r .  F o r ty -e ig h t  grams o f  bromine in 200 ml o f  chloroform 

was then added dropwise over  a two-hour per iod  with vigorous 

s t i r r i n g .  The mixture was s t i r r e d  an add i t io n a l  hour and then 

cyclohexene added to remove excess bromine. The so lv e n t  was



removed by a s p i r a t i o n  and the  res idue  washed with carbon t e t r a ­

c h lo r id e .  S ix t y - e i g h t  grams o f  t h i s  product  was added to  600 ml 

o f  a 10% sodium carbonate  so lu t io n  (foaming) and heated under a 

g e n t le  r e f lu x  f o r  two hours with s t i r r i n g .  The so lu t io n  turned 

pa le  ye llow. The re a c t io n  mixture was then e x t r a c t e d  with th re e  

250-ml po r t ions  o f  e t h e r  and the  e th e r  l ay e r  d r ied  over anhydrous 

magnesium s u l f a t e .

The so lv e n t  was removed from the f i l t e r e d  s o l u t i o n  and a 

c r y s t a l l i n e  m ater ia l  r e s u l t e d .  This m ater ia l  was re f lux ed  f o r  

fo u r  hours with 22.4 g of potassium t -b u to x ide  in  280 ml of 

t - b u ty l  a lc o h o l .  Most o f  the  so lv en t  was then removed by 

d i s t i l l a t i o n  and 500 ml o f  water  added forming a dark brown o i l .  

This mixture was e x t r a c t e d  with four  200-ml p o r t io n s  o f  e th e r  

and the  combined e t h e r  lay e rs  washed with two 100-ml po r t ions  

o f  water  and placed over anhydrous magnesium s u l f a t e .  Solvent  

was removed from the f i l t e r e d  so lu t io n  by a s p i r a t i o n  and the 

r e s id u e  d i s t i l l e d .  The f r a c t i o n  b o i l in g  a t  85-90° a t  8 mm 

( l i t .  bp 86° a t  9 mm, mp 2 9 ° ) ^  was c o l l e c t e d ,  mp 29°. The 

o v e ra l l  y i e l d  was 7.5 g o r  36% based on p-methoxycinnamic a c id .

4 - Methy1pheny l a c e t y 1ene was prepared adapt ing  the  procedure
19r epo r ted  by Allen and Cook. One hundred-for ty- two grams of 

phosphorous p en ta ch lo r id e  was placed in a 500-ml round bottom 

f l a s k  f i t t e d  with r e f lu x  condenser and dropping fu n n e l .  Eighty- 

e ig h t  grams (0.66 mole) o f  4-methylacetophenone was then added 

dropwise over a period  o f  approximately  one hour. The r ea c t io n  

i s  extremely exothermic and the  so lu t io n  turned  yellow-orange
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during the  a d d i t io n .  A f te r  the  a d d i t io n  the  s o lu t io n  was 

mainta ined between 70-80° f o r  one hour.  Hydrogen c h lo r id e  

and phosphorous oxychloride  formed during the  re a c t io n  were 

s t r i p p e d  o f f  under a s p i r a t i o n .

The so lu t io n  was next vacuum d i s t i l l e d  and the  f r a c t i o n  

b o i l i n g  between 80 and 95° a t  10-15 mm c o l l e c t e d .  Seventy 

grams o f  t h i s  m ater ia l  v/as then placed in  a o n e - l i t e r  round 

bottom f l a s k  to  which 400 ml o f  abso lu te  e thanol and 100 g o f  

potassium hydroxide were added. This mixture v/as re f lu xed  f o r  

20 hours and the r e s u l t i n g  red so lu t io n  poured in to  one l i t e r  

o f  ice  w a te r .  The organic  l a y e r  was separa ted  and the  water  

l a y e r  e x t r a c t e d  with th re e  300-ml po r t ions  o f  e th e r .  The com­

bined e th e r  laye rs  were washed with 200 ml o f  a s a tu r a t e d  

sodium b ica rbona te  so lu t io n  and then concen tra ted  to  500 ml.

To t h i s  e t h e r  so lu t io n  was then added the  separa ted  organ ic  

m a te r ia l  and t h i s  s o lu t io n  placed over anhydrous magnesium 

s u l f a t e .  The f i l t e r e d  so lu t io n  was a s p i r a t e d  and the res idue  

d i s t i l l e d .  The f r a c t i o n  b o i l in g  between 60 and 65° a t  15 mm 

( l i t .  59-60° a t  16 mm)^ v/as c o l l e c t e d .  The y i e l d  was 28.5 g 

o r  37%, based on p-methylacetophenone.

16. 4-Chlorophenylacety lene  v/as prepared in a manner i d e n t i c a l  to

. th e  p re p a ra t io n  of  4-methyl phenyl ace ty lene  using 102 g of

4-chloroacetophenone (0.66 mole). The product  from the  re a c t io n
o o

with PCI6 d i s t i l l e d  a t  65 -70 a t  .7 mm. Due to  c logging o f  the  

d i s t i l l a t i o n  apparatus  an accu ra te  reading o f  the  temperature  

and p res su re  of  the d i s t i l l i n g  4-chloroethynylbenzene could not
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be made. However, the  melt ing p o in t  was 45-46° ( l i t .  mp 43°,  
o 19bp 62-63 a t  13 mm). The y i e l d  was approximately  25 g or  

28% based on p-chloroacetaphenone.

I 17. 1, 1-Diphenyl- 3 - ( 4 - c h lo r o p h e n y l ) - 2 - p r o p y n - l - o l , was prepared according
20to  the  procedure repo r ted  by 01 ah and Pit tman f o r  the  p re ­

p a ra t io n  of  1 , 1 ,3 - t r i p h e n y l - 2 - p r o p y n - l - o l . A f te r  a f i f t e e n  

minute n i t ro gen  purge o f  the  system a 1.6M s o lu t io n  o f  ] i -bu ty l-  

l i th iu m  was prepared by i n j e c t i n g  32 ml of  a j i -b u ty l l i th iu m  

(.075 mole) s o lu t io n  (22.6 wt% in hexane) i n to  14.8 ml of 

hexane. The r e a c t io n  f l a s k  was immersed in  an ice  bath and

4 -ch lo rop h en y le thy n l1ithium was then prepared by the dropwise 

ad d i t io n  of  10.3 g (.075 mole) o f  4 -ch lo rophenylace ty lene  

(heated to  i t s  mp). The so lu t io n  turned orange. Following 

the  a d d i t io n  o f  25 ml o f  anhydrous e t h e r ,  13.7 g (.075 mole) 

o f  benzophenone d is so lv ed  in 50 ml o f  anhydrous e th e r  was 

added dropwise. The so lu t io n  turned green and then pale  

orange.  Following t h i s  a dd i t io n  the  ice  bath was removed, 

the  r e a c t io n  mixture v/as re f luxed  f o r  two hours and then 

hydrolyzed with approximately  65 ml o f  d i s t i l l e d  water .  A 

n i t ro gen  atmosphere had been maintained u n t i l  the  beginning 

o f  the  r e f lu x  per iod .  A white  p r e c i p i t a t e  formed on f i r s t  

- a d d i t io n  of  the  w a te r ,  but  red i s so lv ed  on f u r t h e r  a d d i t io n .

The water  l a y e r  was separa ted  and the  e t h e r  l a y e r  washed with 

th re e  35-ml p o r t ion s  o f  water  and placed over anhydrous mag­

nesium s u l f a t e  to dry. A f te r  f i l t r a t i o n  the  e th e r  v/as removed 

by a s p i r a t i o n  and an o i l  remained (22.5 g, crude y i e l d  94%).
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The o i l  was r e c r y s t a l l i z e d  from an e th an o l-w a te r  mix ture ,  mp 74-75°. 

I r ;  OH s t r e t c h  3600 cm"1, C=C s t r e t c h  2225 cm 1 (see  Fig. 1).

18. 1 , 1-Diphenyl- 3 - (4-methylphenyl) -2 -p ro py n - l -o l  was prepared by a

method id e n t i c a l  to  t h a t  f o r  the  p rep a ra t io n  of  the  "p-Cl" 

propargyl  alcohol  above using 4-methyl phenyl ace ty lene .  The 

r e c r y s t a l l i z e d  product gave a mp 64-66°;  crude y i e l d  94% (see Fig. 2 ) .

19. l , l -D ipheny l-3 - (4 -m ethoxypheny l) -2 -p ropyn- l -o l  was prepared by a

method id e n t i c a l  to  t h a t  f o r  the  p rep a ra t io n  of  the  "p-Cl" 

propargyl alcohol above using 4-methoxyphenylacetylene.  The 

r e c r y s t a l l i z e d  product  gave a mp 65-66°.  I r ;  OH s t r e t c h  3600 cm"1 ,

C=C s t r e t c h  2225 cm"1 (see Fig, 3) .

20. 1 , 1 , 3 -T r ip h e n y l -2 -p ro p y n - l -o l . The au thor  i s  indebted to  Miss

Cora J .  Boswell f o r  providing t h i s  m a t e r i a l .  Prepared using the  

procedure o f  Olah and P i t t m a n , ^  the  m ate r ia l  had a mp 80-81°

( l i t .  mp 8 1 - 8 1 . 5 ° ) . ^  I r ;  OH s t r e t c h  3600 cm"1, C=C s t r e t c h  

2225 cm"1(see Fig. 4 ) .

21. l -C h lo ro - l - (4 -ch lo ro p h en y l ) -3 ,3 -d ip h e n y lp ro p ad ien e  was prepared
4

by adopting the procedure repo r ted  by Jacobs and Fenton fo r  

l - c h l o r o - l , 3 , 3 - t r i p h e n y l - p r o p a d i e n e .  A mixture of  7.1  g of
i

pyridene (0.09 mole) and 5 .4  g of  th ionyl  c h lo r id e  (.045 mole) 

in  75 ml o f  anhydrous e th e r  was added slowly to  14.4 g (.045 

mole) o f  the above "p-Cl" propargyl alcohol d isso lved  in 75 ml 

o f  anhydrous e t h e r .  This so lu t io n  was conta ined  in a 500-ml 

round bottom f l a s k  immersed in an ice  ba th .  The re a c t io n  mixture 

was then d i lu t e d  to at t o t a l  volume of  250 ml with anhydrous 

e t h e r  and the ice  bath removed. The mixture was s t i r r e d  throughout 

t h i s  p re p a ra t io n .  A f te r  s tand ing  f o r  one hour a t  room tem pera tu re ,
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the mixture was brought to  r e f lu x  f o r  f iv e  minutes and again 

allowed to  come to  room temperature  f o r  one hour. The re a c t io n  

mixture was then f i l t e r e d  and the  f i l t r a t e  washed with 100 ml 

d i s t i l l e d  w a te r ,  100 ml 5% hydroch lo r ic  a c i d ,  100 ml 5% sodium 

b ica rbo n a te ,  and twice again with 100 ml d i s t i l l e d  w a te r .  The 

e th e r  so lu t io n  was d r ied  over anhydrous magnesium s u l f a t e .

The e th e r  was removed by a s p i r a t i o n  from the  f i l t e r e d  s o l u t i o n ,  

leaving yellow-orange c r y s t a l s  (crude y i e l d ,  80%). R e c r y s t a l l i -  

z a t io n  from an e th e r -e th an o l  mixture y ie ld e d  pa le  orange c r y s t a l s .

A second r e c r y s t a l l i z a t i o n  y ie ld e d  f a i n t l y  pink c r y s t a l s ,  mp 

84-85°.  I r ;  C=C=C s t r e t c h  1925 cm”*1 (see Fig. 5) .

22. l -C h lo ro - l - (4 -m e thy lpheny l) -3 ,3 -d ipheny lp ropad iene  was prepared 

by a method id e n t i c a l  to  t h a t  f o r  "p-Cl" c h lo ro a l le n e  and 

y ie ld ed  a white c r y s t a l l i n e  p roduct ,  mp 127-128°, which turned 

pink a t  115°. I r ;  C=C=C s t r e t c h  1926 cm"1 (see Fig.  6 ) .

23. 1-Chloro-1 - (4-methox.yphenyl) - 3 ,3-d lphenylpropadiene  was prepared 

by a method id e n t i c a l  to  t h a t  f o r  "p-Cl" c h lo ro a l le n e  and 

y ie ld ed  a white c r y s t a l l i n e  p roduct ,  mp 131-132°, which turned 

pink a t  128°. I r ;  C=C=C s t r e t c h  1926 cm-1 (see Fig. 7) .

24^ 1.—Chi o r o - 1 ,3 ,3 -  t r i  phenyl propadi en e . The au tho r  i s  indebted to

Mrs. Sharon C. Hixon f o r  providing t h i s  m a t e r i a l .  Prepared by
4

the  procedure of  Jacobs and Fenton the compound melted a t
$

68-69° ( l i t .  mp 68-69°) .  I r ;  C=C=C s t r e t c h  1926 cm"1 (see  Fig. 8 ) .

B. Product S tud ies

About one gram of  r e a c t a n t  (see column 1 of  Table I ) ,  d isso lved  

in  a small amount o f  a ce tone ,  was added to  the r e a c t io n  f l a s k  conta in ing
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the  s p e c i f i e d  amount o f  water  and acetone ( a l l  volumes were t r a n s ­

f e r r e d  by pi pe t  o r  b u r e t ) .  The re a c t io n  was then allowed to  proceed 

a t  the  s p e c i f i e d  tempera ture  f o r  the  a l o t t e d  time i n t e r v a l .

One l i t e r  o f  water  was then added to  the  re a c t io n  mixture and a 

f a i n t  c loudiness  appeared.  This s o lu t io n  was then e x t r a c t e d  with 

fou r  250-ml p o r t io ns  of  e t h e r  and the combined so lu t io n s  placed over 

anhydrous magnesium s u l f a t e  to  dry .  The e th e r  v/as then removed by 

a s p i r a t i o n  and an in f r a r e d  spectrum made of  the r e s id u e .  Data from 

these  experiments a re  compiled in  Table I .

C. K ine t ic  Measurements

1. Procedure

All k i n e t i c  s tu d ie s  were performed using an I n d u s t r i a l  Ins t rum ents '  

Conductiv i ty  Bridge, Model RC-I8 , Conductiv i ty  water  (conductance, s 

<1 umho) was prepared from d i s t i l l e d  water  which had been passed through 

a mixed bed column o f  a Bantam Demineral izer ,  Model BD-1. The 

tem pera ture  o f  each water  bath was c a l i b r a t e d  using a Leeds and 

Northrup B160-B Platinum Resis tance  Thermometer in  conjunction  with 

a Mueller Resis tance  Bridge from Rubican Instruments and monitored 

by use o f  a Beckmann thermometer.

These experiments were performed a t  a concen tra t ion  of  approx i­

mately 4 X 10” 4M ( a l l e n e  in  aqueous a ce ton e ) .  Stock so lu t io n s  of  

1 X 10~2M and 2 X 10~3M were made by p lac ing  5.0±,07 X 1Q~4 mole o f  

the  r e s p e c t iv e  a l l e n e  in a 50-ml volumetric  f l a s k ,  d i l u t i n g  up to  the  

mark with acetone ( I X  10~2M), p i p e t t i n g  20 ml of  t h i s  so lu t io n  in to
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a 100-ml volumetric  f l a s k ,  and f i l l i n g  i t  to  the  mark with acetone 

(2 X 10~3M). A po r t ion  of  the  crude a l l en e  s u f f i c i e n t  to  give the  

d es i red  amount f o r  each new s tock  so lu t io n  was r e c r y s t a l l i z e d  j u s t  

p r i o r  to  p re p a ra t io n .

P repara t ion  of  a ty p ic a l  k i n e t i c  r u n :

For a d e s i r ed  f i n a l  so lu t io n  of  80:20 ace to n e :w a te r ,  10 ml of  

the  s tock  so lu t io n  (2 X 10 3M) was p ip e t t e d  in to  a 50-ml volumetric  

f l a s k .  Exactly 30 ml of  acetone was then added. This so lu t io n  and 

a q u a n t i t y  o f  con d u c t iv i ty  water  were then e q u i l i b r a t e d  a t  the  r ea c t io n  

temperature  f o r  f i f t e e n  minutes.  When 10.0 ml of  t h i s  water  was then 

added to  the  a l l e n e  s o l u t i o n ,  an 80:20 ace tone :w ate r  s o l u t i o n ,  

approximately  4 X 10~4M in a l l e n e ,  was ob ta ined .  The f l a s k  was then 

s toppered  and in v e r ted  severa l  times to  insu re  a uniform s o l u t io n .  

Timing was begun with the  add i t io n  of th e  w ater .  The c o n d uc t iv i ty  

c e l l ,  a b o r o s i l i c a t e  g la s s  c e l l  with plat inum e le c t ro d e s  and a c e l l  

co n s tan t  o f  approximately  0.17 cm” 1 , v/as r in se d  twice with t h i s  

s o l u t i o n ,  f i l l e d ,  and placed in  the  cons tan t  temperature  ba th .  

Measurements were then made of  the  changing c o n d u c t iv i ty .

2. C a lcu la t ions

Graphs of  log (Q* - Ct/C^ - Cc ) - the  logar i thm of  the  f r a c t i o n  

unreacted - versus time r e s u l t e d  in good f i r s t - o r d e r  p lo ts  o f  the  

d a ta .  The f r a c t i o n  unreacted ( in  t h i s  case where the  concen tra t ions  

of  HC1 a re  small)  i s  r ep resen ted  by the  d i f f e r e n c e  in c o n d u c t iv i t i e s



a t  i n f i n i t y ,  C^, and time t ,  Ct , d iv ided  by the  d i f f e r e n c e  in conduc t i ­

v i t i e s  a t  i n f i n i t y  and time ze ro ,  CQ. A computer program, LSG,
21w r i t t e n  by D. F. Detar and C. E. Detar was used to c a l c u l a t e  the  

b e s t  value o f  the r a t e  c on s tan t  by a l e a s t  squares f i t  o f  the  da ta .

This program is  a b s t r a c te d  from a l a r g e r  and more s o p h i s t i c a t e d  

program, LSKIN1. Both programs, however, perform near ly  the  same 

func t ion  except t h a t  the  LSG does not  have general p l o t t i n g  o p t io n s .

A ty p ic a l  p l o t  of  the  data  and a computer p r i n to u t  can be seen in 

Figures 15 and 16 r e s p e c t iv e ly .

Experimental i n f i n i t y  values were w i th in  1% o f  the  computed 

va lue .  These values were a l s o ,  w i th in  experimental  d e v ia t io n s ,  

e q u iv a le n t  to the  conductance of  prepared i n f i n i t y  con cen tra t io n s  

of  HC1. These were determined during an examination to  assu re  the  

l i n e a r i t y  o f  the conductance-concentra t ion  r e l a t i o n s h i p  (see Section 

II  D, p. 33 ) .

D. A T es t  o f  the  L in e a r i ty  o f  the  Conductance-Concentrat ion R e la t ionsh ip

This experiment involved the  p rep a ra t io n  of  a s e r i e s  o f  s o lu t io n s  

•resembling the  experimental  cond i t ions  of  the  k in e t i c  s t u d i e s .  Four

s o lu t io n s  of  concen tra t ions  equal ing  2 X 1CT4M, 4 X 1(T4M, 6 X 10~4M,

and 8 X 1CT4M in HC1 and l - ( 4 -c h lo ro p h e n y l ) -3 ,3 -d ip h e n y lc h lo ro a l le n e  

were prepared .  Each so lu t io n  was brought to  equ i l ib r ium  a t  35° in 

the con d u c t iv i ty  c e l l  and conductance reading made. The r e s p e c t iv e  

conductances were p lo t t e d  a g a in s t  co ncen tra t ion  (see Fig. 17) and the  

r e s u l t s  v e r i f i e d  the  expected l i n e a r i t y .
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Figure 16

Computer P r in to u t  of  Typical K ine t ic  Run
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Stock s o lu t io n s  were prepared in the  fol lowing manner:

1. prepared and s ta n d ard ized  .IN aqueous HC1 so lu t io n
2. prepared s tock HC1 s o lu t io n s  ( in  water)

4 ml .IN HCL d i lu t e d  to  100 ml with H2O 4 X 10“3M
3. prepared s tock  propargyl alcohol so lu t io n s  ( in  acetone)

.12 g o f  propargyl alcohol in 100 ml o f  acetone so lu t io n
4 X 10 “3M

4. prepared s tock 80:20 ace tone :w ate r  so lu t io n
80 ml of  water  plus 20 ml o f  acetone

5. prepared s e r i e s  of  equimolar  HC1 and propargyl alcohol 
s o lu t io n s  in 80:20 ace tone :w ate r

a) 8 X 10“4M
20 ml o f 4 X 1 0 '3M HC1
20 ml o f 4 X 10-3M propargyl alcohol
60 ml of  acetone
made to  100 ml in  volumetric  f l a s k  with a s tock 

80:20 ace tone :w ate r  so lu t io n
b) 6 X 10-4M

30 ml o f 8 X 10-4M so lu t io n  (a)
10 ml o f  80:20 ace tone :w ate r  so lu t io n

c) 4 X 1CT4M
25 ml of  8 X 10“4 s o lu t io n  (a)
25 ml of  80:20 ace tone :w ate r  s o lu t io n

d) 2 X 10“^
25 ml of  4 X 10“ 4M so lu t io n  (c)
25 ml of  80:20 ace tone :w ate r  so lu t io n



RESULTS AND DISCUSSION

A. In t roduc t ion

Rate s tu d ie s  have been made on a s e r i e s  o f  £ - s u b s t i t u t e d

l - a r y l - 3 ,3 - d ip h e n y lc h lo r o a l l e n e s  by fol lowing the  production of  

ion products  conduc tom etr ica l ly .

X > H , Cl , CH3 , and CH3 0

Good f i r s t - o r d e r  p lo t s  were ob ta ined  from the  data  but the  s o l v o l y t i c  

n a tu re  o f  the  r e a c t io n  c re a t e s  the  p o s s i b i l i t y  of  p s e u d o - f i r s t - o r d e r  

r e a c t i o n s .  Table II  summarizes the  p e r t i n e n t  da ta  concerning s tu d ie s  

on these  compounds.

The r e a c t io n  i n v e s t i g a t e d  was the  s o lv o ly s i s  o f  these  ha lo -  

a l l e n e s  in  aqueous acetone (g en e ra l ly  80:20 a c e to n e :water)  a t  varying 

t e m p e ra tu re s . The only p ro d uc ts ,  observed by i n f r a r e d  a n a l y s i s ,  

from the  r e a c t io n  under cond i t io ns  s im i l a r  to  those  o f  the  k i n e t i c  

s t u d i e s  were the  corresponding  propargy a lc o h o ls .

B. S u b s t i tu e n t  E f fec ts

Considerable information  about the mechanism of  r e a c t io n  in

OH

38
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s o lu t io n  can be provided by s tu d ie s  of  a given type of  r e a c t io n  in 

which a number of  d i f f e r e n t  s u b s t i t u e n t s  have been in troduced  in to  

the  r e a c t a n t  molecule . The e f f e c t s  o f  such s u b s t i t u e n t s  on the  

r a t e  can lead to  an increased  unders tanding of  the  d e t a i l e d  mechanism.

The in f luence  of  s u b s t i t u e n t s  on the  r a t e  o f  chemical r e a c t io n s  

may be e xer ted  in  p a r t  by b r ing ing  about a displacement  o f  e l e c t r o n  

d e n s i ty .  Cer ta in  types o f  r e a c t i o n s ,  fo r  example, a re  favored by 

an in c rease  of  e le c t r o n  d en s i ty  a t  the  r e a c t io n  c e n t e r ,  and s u b s t i ­

tu en ts  t h a t  b r ing  about such an in c re ase  w i l l  cause an in c rease  in 

the r a t e .  Among the  severa l  important  g e n e r a l i z a t io n s  developed in 

connection with the  q u a n i t i t a t i v e  e f f e c t s  o f  s u b s t i t u e n t s ,  the  b e s t  

known extrathermodynamic l i n e a r  f r e e  energy r e l a t i o n s h i p  i s  the  

Hammett eq ua t ion ,

log k = <ip + log k0 

So de f in ed ,  a r a t e  o r  e q u i l ib r iu m  c o n s ta n t ,  k,  a s so c ia te d  with the  

r e a c t io n  o f  any one o f  the  s u b s t i t u t e d  d e r iv a t io n s  may be determined 

from the  va lue ,  kQ, f o r  the  p a re n t ,  i . e . ,  u n s u b s t i t u t e d ,  compound 

i f  the  two parameters cr and p  a re  known. The re a c t io n  c o n s t a n t , p  , 

i s  a p r o p o r t i o n a l i t y  c o n s ta n t ,  dependent upon the  na tu re  o f  the  

re a c t io n  and the  c o n d i t io n s ,  and measures the  s e n s i t i v i t y  o f  a given 

r e a c t io n  s e r i e s  to  r ing  s u b s t i t u t i o n .  The s u b s t i t u e n t  c o n s tan t  <r , 

however, i s  dependent only on the  s u b s t i t u e n t  and i t s  mode o f  e l e c t r o n i c  

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

The Hammett equation has been found to  be a p p l ica b le  to  the
22c o r r e l a t i o n  o f  a la rge  number o f  r a t e  and eq u i l ib r iu m  cons tan ts



and thus proves va luab le  in  p r e d ic t in g  such cons tan ts  from a small 

number of  cr and p  va lues .  O r ig in a l ly  a value of  un i ty  was a r b i t r a r i l y

chosen f o r  p  f o r  the  io n iz a t i o n  e q u i l ib r iu m  of s u b s t i t u t e d  benzoic
o2 3acids  in aqueous s o lu t io n  a t  25 . Using values of cr def ined  in

t h i s  manner the  values o f  p  f o r  the  o th e r  r e a c t io n s  may then be 

determined. The s ign and magnitude of  these  p  values may then be 

used as an important  tool  in the study of  r e a c t io n  mechanisms. As 

o r i g i n a l l y  d e f ined ,  groups which are  e le c t r o n  withdrawing with 

r e s p e c t  to  hydrogen would have a p o s i t iv e  cr va lue .  There fore ,  a 

r e a c t io n  s e r i e s  in which r a t e  o r  e q u i l i b r i a  are  enhanced by e le c t r o n  

withdrawal w i l l  have a p o s i t i v e  p  va lue .  A negat ive  va lue ,  con­

seq u en t ly ,  i n d ic a t e s  enhancement by e le c t ro n -d o n a t in g  s u b s t i t u e n t s .  

Values o f  p  a re  u su a l ly  ob ta ined  by p l o t t i n g  log k - l o g  k0 versus cr. 

The s lope  of  th e  r e s u l t i n g  l i n e  i s  p .  The s e n s i t i v i t y  to s u b s t i t u t i o n  

i s  d i r e c t l y  p ropor t iona l  to  t h i s  va lue .

Although usefu l  in  a number o f  systems,  i t  became obvious a f t e r  

a time t h a t  Hammett's o r ig in a l  a  cons tan ts  were l im i te d  in t h e i r  

a b i l i t y  to  c o r r e l a t e  r e a c t io n s  in which resonance i n t e r a c t i o n  of  

the  s u b s t i t u e n t  with charge developed a t  the  r ea c t io n  c e n te r  played 

any n o t ic e a b le  p a r t .  That i s ,  a s e t  of  s u b s t i t u e n t  cons tan ts  i s  

l im i te d  to  use in re a c t io n s  where the  s u b s t i t u e n t  i n t e r a c t s  in 

e s s e n t i a l l y  the  same manner as i t  does in the  r e a c t io n  chosen to  

de f ine  those  c o n s ta n t s .
24In 1958 Brown and Okamoto devised a scheme f o r  de f in ing  a 

new s u b s t i t u e n t  c o n s ta n t ,  cr*. U t i l i z in g  the s o lv o ly s i s  of  2-phenyl-

2-chloropropane in 90% ace tone-wate r  a t  25° as the  s tandard  r e a c t i o n ,
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they der ived  a r e a c t io n  con s tan t  ( p v a l u e )  from a study of  the  

m e ta - s u b s t i tu t e d  c h lo r id e s .  They f e l t  t h a t  resonance c o n t r ib u t io n  

from the m -su b s t i tu e n t  should be n e g l ig ib le  and th e r e f o re  the

the  r a t e  c o n s ta n t s .  The re a c t io n  co n s tan t  thus obta ined  was used to 

ev a lu a te  the new s u b s t i t u e n t  cons tan ts  f o r  £ - s u b s t i t u e n t s  where 

resonance should be the  major i n t e r a c t io n  a t  the  re a c t io n  c e n te r ,

I t  should be noted t h a t  cr* values could be useful  in  any reac t io n  

system where p o s i t i v e  charge i s  generated in  conjugation  with the  para 

p o s i t io n  of  an aromatic  r in g .  Se lec ted  examples o f  r e a c t io n s  c o r r e ­

l a t i n g  with cr* may be seen in Table I I I .

The r e l a t i v e  r a t e s  o f  four  £ - s u b s t i t u t e d  t r i a r y l  c h io ro a l lenes  

were measured a t  25°. A p l o t  o f  the logar i thm o f  the  r e l a t i v e  r a t e s  

o f  so lv o ly s i s  versus c r^ is  shown in Figure 18 and the  data  are  

summarized in Table IV. Unlike the  l i n e a r i t y  o f  t h i s  p l o t  ( c o r r e l a t i o n  

coef .  = .999) a p l o t  of  the  r e l a t i v e  r a t e s  versus Hammett's cr was 

h igh ly  curved as a l s o  seen in Figure 18.

The rho o b ta in ed ,  -2 .02  ± .03 ,  i s  c o n s i s t e n t  with a mechanism 

in which some degree o f  p o s i t i v e  charge i s  developed a t  the  r ea c t io n
4

c e n te r  - a mechanism such as t h a t  proposed by Jacobs and Fenton .

o^ -co n s tan ts  def ined  by Hammett would be used f o r  c o r r e l a t i o n  of

» * » < □ > - &  —  —  N e O . Q . c f

e
Cl -Cl 3 2 1

}
+ HS0 OH

Ph2C = C = C - Ar PhzC -  C = C -  Ar
I

exc lus ive  product a t  25°
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Table IV

Summary o f  Data Used f o r  C a lcu la t ion  of  Rhoa 

Compound kpe1 (kx/ k H) log kre1 #  +

Ph _C1
C=C=C 1.00 0.000 0.00

-  a

.58 -0 .240 +0.T14
Ph

Ph

PhN ^C1
C=C=C 3.67 0.565 -0.311

CH3

Ph v Cl
' C = C = C 37. 50 1.574 -0 .778©

OCH3

a q
25 , 80:20 acetone :v/ater



I t  should be noted t h a t  t h i s  mechanism involves a resonance s t a b i l i z e d  

in te rm ed ia te  carbonium ion. in which some o f  the  p o s i t iv e  charge 

o r i g i n a l l y  a t  C-l due to  the  i n i t i a l  i o n i z a t i o n ,  has been d e lo c a l ize d  

to  C-3, thereby  p o ss ib ly  accounting fo r  the  r e l a t i v e l y  small abso lu te  

value of  p  observed,  due to  s u b s t i t u e n t  e f f e c t s  a t  C - l .  I t  can be 

seen by comparing s i m i l a r  systems (Table I I I )  t h a t  inc reases  in 

charge s t a b i l i z i n g  groups (such as in the  case of  going from benz- 

hydryl to  t r ip h e n y lc a rb in y l  system) causes a decrease  in  the  abso lu te  

value o f  The a d d i t io n a l  resonance s t a b i l i z i n g  a b i l i t y  o f  the  aryl  

s u b s t i t u t e d  th re e  carbon a l l e n y l  system would be expected to  show 

s i m i l a r  r e s u l t s ,  and t h i s  seemingly i s  borne out by the  observed p.

I t  seems reasonable  to  assume t h a t  the  high r e a c t i v i t y  o f  t h i s  a l l e n y l  

system in comparison to o th e r  vinyl  systems (see Table XIII)  is  

derived  from the  descr ibed  d e lo c a l i z a t i o n  to C-3, thereby  allowing 

f u r t h e r  d e lo c a l i z a t io n  in to  the  two aromatic r ings  a t  the  propargyl 

p o s i t i o n .  I t  may be argued t h a t  t h i s  d e lo c a l i z a t io n  is  s u b s t a n t i a l l y  

due to the  r e l a t i v e  s t a b i l i z i n g  a b i l i t y  of those  tv/o phenyl r ings  

compared to the  one a t  C- l .  This argument would seem to be borne 

out  by the  p r e f e r e n t i a l  a t t a c k  o f  so lv en t  a t  t h a t  p o s i t i o n .  The 

comparative degree o f  d e l o c a l i z a t i o n ,  however, i s  s t i l l  unknown.

01 ah and c o - w o r k e r s ^  and Richey and co-workers^? have repor ted  

a s u b s ta n t i a l  c o n t r ib u t io n  o f  the  a l len y l  ca t io n  form in t h e i r  

nmr s tu d i e s  o f  var ious  alkynylcarbonium ions .  As poin ted  ou t  by 

Richey, e t  a T . , these  carbonium ions may well be regarded as a l len y l  

carbonium ions depending on the  importance of  the  a l l e n y l  resonance 

s t r u c t u r e .  Fu r the r  work involv ing  p a ra - s u b s t i t u t i o n  in C-3 ary l  

r ings  should shed more l i g h t  in to  t h i s  a rea .



C. Solvent  E f fec ts

Fur ther  evidence of  some form of  charge development in the  

t r a n s i t i o n  s t a t e  can be seen from the e f f e c t  o f  in c re as in g  the  po la ­

r i t y  o f  the  medium. In 1948 Grunwald and Winstein p o s tu la t e d  the  

r e l a t i o n s h i p  between r a t e  c o ns tan t  and so lv e n t  p o l a r i t y  as a l i n e a r  

f r e e  energy r e l a t i o n s h i p ,

log k = log k0 + mY (1)

where k and k0 were o r i g i n a l l y  defined  as the  r a t e  co n s tan ts  a t  25°

fo r  Jt-butyl ch lo r id e  in  any so lv e n t  and in 80% aqueous ethanol

r e s p e c t i v e l y ,  and Y was a measure of  the  io n iz in g  a b i l i t y  o f  the  
28s o lv e n t .  The term m in t h i s  de f in ing  case was taken as u n i ty .

When the  r e l a t i o n s h i p  i s  used f o r  o th e r  systems m becomes a measure 

o f  the  s u s c e p t i b i l i t y  o f  the  s u b s t r a t e  to the so lv e n t  ion iz ing  power 

r e l a t i v e  to  j t-butyl  c h lo r id e ,  and ko becomes the  s o l v o l y t i c  r a t e  

a t  Y = 0 .0 .

A study o f  the  r a t e  con s tan t  f o r  the  s o lv o ly s i s  o f  1 -a n i s y l -  

3 , 3 -d ip h e n y lc h lo ro a n e n e  revealed  t h a t  a change in the  so lv en t  

composit ion from 90:10 to 80:20 ace tone :w ate r  caused an 8 .2  fo ld  r a t e  

in c re ase .  This in c re ase  i s  r e f l e c t e d  in  a value of  m * 0.77 in 

equat ion  1. Such a va lue ,  demonstrating cons iderab le  s u b s t r a t e  

s e n s i t i v i t y  to  medium changes, i s  comparable to  r e a c t io n s  involv ing  

Sj|l mechanisms. Table V l i s t s  a number of  r e a c t io n  systems and
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t h e i r  r e s p e c t iv e  m va lues .  I t  should be no t iced  t h a t  values c lose  

to  un i ty  are  observed f o r  s u b s t r a t e  undergoing S^l mechanisms of  

s o l v o l y s i s ,  whereas S^2 mechanisms usu a l ly  e x h ib i t  values f o r  m 

between 0.25 and 0 .35 .  For example, the  so lv o ly s i s  o f  t>butyl  

bromide (m = .940) and e thyl  bromide (m = .34) proceed by S^l and 

S^2 mechanisms r e s p e c t iv e ly .  The g r e a t e r  s u s c e p t i b i l i t y  o f  S^l 

processes  toward the io n iz ing  power of  the  so lven t  i s  suspec ted  to 

be due to  the  f a c t  t h a t  although the  amount o f  charge developed may 

be the  same

sNi

V

(CH3 )3 C-Br (CH3 )3 C -
s -

•Br (CH3 )3 C+ + Br

CH3 CHs Br + HOH
H J  *-

0- - — z --------Br
H CH.

CH3 CH20H + H + Br

in both c a se s ,  l o c a l i z e d  charge i n t e n s i t y  should be g r e a t e r  in  the  

case  o f  unimolecular  i o n i z a t i o n .  This g r e a t e r  i n t e n s i t y  i s  caused by 

the  sm a l le r  charge ra d iu s  in S^l p rocesses .  Charge d i l u t i o n ,  t h e r e f o r e ,  

r e s u l t i n g  from spreading charge over a s p e c i f i c  a re a ,  does not  occur 

to  the  e x te n t  to  which i t  occurs in the  bimolecular  c a s e . ^  Solvent  

dependence f o r  re a c t io n s  o f  vinyl systems repor ted  to  proceed via  

unimolecular  mechanisms a re  a l so  given in Table V and these  values 

too a re  c o n s i s t e n t  with the  observed value in  t h i s  i n v e s t i g a t i o n .

A more thorough study o f  so lv e n t  e f f e c t s  on the  t r i a r y l  s u b s t i t u t e d  

c h lo ro a l l e n e  system was performed by H ixon^  using 1 , 3 , 3 - t r ip h e n y l -



c h lo ro a l l e n e  ( the  pa ren t  compound f o r  s u b s t i t u t i o n  s tu d ie s  repor ted

in  t h i s  p aper ) .  In t h i s  case m = 0.69(± .06) was c a l c u l a t e d  from a
c

logar i thm ic  p l o t  o f  kr e ] # versus Y. Hixon concluded t h a t  t h i s  value 

was c o n s i s t e n t  with a S^I p rocess .  The h igher  value f o r  the  "j3-MeO" 

compound i s  c o n s i s t e n t  with the  l a r g e r  charge se p a ra t io n  expected 

in the  t r a n s i t i o n  s t a t e  f o r  t h i s  s u b s t r a t e  because of  the  g r e a t e r  

degree o f  bond breaking in the  t r a n s i t i o n  s t a t e  made p o ss ib le  by the  

e le c t r o n  donating a b i l i t y  o f  the  methoxy group.

With these  and o th e r  da ta  to  be presen ted  as needed, a number 

o f  pathways f o r  a l l e n i c  s u b s t i t u t i o n  w i l l  now be examined using 

various  c r i t e r i a  to  d i f f e r e n t i a t e  and s e l e c t  the  most d e t a i l e d  and 

accu ra te  r e p r e s e n ta t io n  fo r  the  p resen t  system.

D. Poss ib le  Pathways f o r  T r i a r y lc h lo ro a l le n e  So lvo lys is

1. The "E l im ina t ion -A dd i t ion11 Route (F ig .  19)

This mechanism i s  impossible  as th e re  a re  no protons a v a i la b le

f o r  e l im in a t io n .  I t  i s ,  however, t h e o r e t i c a l l y  a rou te  by which vinyl

h a l id e s  could undergo s u b s t i t u t i o n .  An example o f  a system where

t h i s  mechanism i s  thought to  take  place  is  in  the  r e a c t io n  of  c i s
33£ - n i t r o - $ - c h lo r o s ty r e n e  with methoxide ion in methanol.

2. The "Addi t ion-E l im inat ion"  Route (Fig .  20)

Addit ion of  wa ter  across  one o f  the  double bonds v ia  a concerted  

mechanism may lead to  a number o f  products  (as do many o f  these  

mechanisms) bu t  only t h a t  mechanism producing the  propargyl  alcohol
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Figure 20 

The Addi t ion-E l im ina t ion  Route

a) v ia  Concerted Addit ion b) v ia  Pro tona t ion
o f  Water

^ Cl Phv .Cl
✓cAc=c x y c  *  c = c x

Ph <>\ Ar Ph V Ar
HO-H H®

HOH

*h . C l
Ph - C - C = C / ^

OH H

-HC1

Ph -
{h
c - c
OH

= C -  Ar

Ph;c
Ph ®

= C'\
Cl

Ar

h2°

Phi
Ph -  C - C 

i i
H20© h

Cl

Ar

-H'

Ph -

OH H

-HC1

Ph -
Ph
C -  C = C

OH

- Ar



w il l  be d iscussed  s in ce  t h i s  alcohol i s  the  only product i s o l a t e d  

under cond i t ions  approximating the  k i n e t i c  runs.  I n a b i l i t y  o f  the 

au thor  to  f in d  examples o f  the  concerted  a dd i t io n  o f  HX to o l e f i n s  

sugges ts  i t  i s  an uncommon i f  not  unknown mechanism. Furthermore, 

s in c e  no charge i s  developed the  mechanism would not  conform to  the  

nega t ive  rho observed from the s u b s t i t u e n t  s tudy.  The uncharged 

c h a r a c t e r  o f  the  mechanism a lso  does not f i t  the  degree o f  so lven t  

dependence d iscussed  e a r l i e r .

Pro tona t ion  o f  th e  double bond with subsequent a t t a c k  by water  

i s  a more commonly observed pathway f o r  the  ad d i t io n  o f  w a ter  but  

t h i s  mechanism too i s  h ighly  u n l ik e ly .  Although the  so lv e n t  e f f e c t  

may be c o n s i s t e n t  with such a mechanism, re a c t io n s  of  t h i s  type 

u su a l ly  involve h igher  ac id  concen tra t io n  (see  Table VI) than a re

p re s e n t  in  our s tu d ie s  (max. pH, 3 .4 ) .

I t  i s  a l s o  log ic a l  to  assume t h a t  the  high p o in t  o f  the  energy

diagram in t h i s  mechanism would be the  e l im in a t io n  of  HC1 due to the

vinyl  c h a r a c t e r  o f  those  s u b s t i t u e n t s .  A summary of  the  reasons

f o r  t h i s  lo g ic  a re  l i s t e d  in Table VII. Furthermore,  t h i s  i s  a
30procedure which normally r e q u i re s  use of  a s t rong  base .  The neu tra l  

to  a c i d i c  cond i t ions  o f  the  o ve ra l l  r e a c t io n  are  thus i n c o n s i s t e n t  

with  t h i s  pathway. The hydrated a l l e n e  would be expected as an 

i s o l a b l e  in te rm ed ia te  in  such a r e a c t i o n .  This l a t t e r  reasoning 

could apply e qua l ly  well to e i t h e r  a d d i t io n -e l im in a t io n  mechanism 

d iscussed  s in ce  both involve the  loss  o f  HC1 in the  f i n a l  s t e p .

A t h i r d  argument a g a in s t  p ro tona t ion  i s  the  s iz e  o f  the  rho

value .  The ov e ra l l  e f f e c t  o f  s u b s t i t u e n t s  on the  r a t e  would be a
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Table VII3

Explanations f o r  Letharg ic  Nature of  Vinyl Halide So lvo lys is

1. P a r t i a l  t t  c h a r a c t e r  o f  the vinyl carbon-halogen bond

■̂V o  ©
R2C = CR - Cl -e—^  R2C - CR = Cl

2 . A s t r o n g e r  vinyl carbon-halogen cr bond due to  the  d i f f e r e n t
h y b r id iz a t io n  of  the  vinyl  carbon.

P ro p e r t i e s  o f  Organic Halides

Compound (RX) Bond Length, A0 BDE of RX, kcal/mol IP o f  R*, eV

C2H5C1 1.77 81.5 8 .8

l-CaH^Cl 1.77 81.0 8.0

CH2=CHC1 1.72 84 9.45

c 6h 5ci 1.70 9.9

c2h 5i 2.14 53 8 .8

t -C 4H9I 2.15 49.5 7.6

CHICHI 2.09 55.5 9.45

c6h5i 2 .08 54 9.9

a
Taken from r e f .  8 ,



composite o f  the  ind iv idua l  e f f e c t s  in  each s te p  p r i o r  to  the  high 

p o in t  on the  energy diagram. Since p o s i t i v e  charge r e s id es  a t  the  

carbon bear ing  the  s u b s t i t u t e d  phenyl group in only one such s t e p ,  

i t  should be expected t h a t  rho would have a value c lo s e r  to  z e ro ,  

t h a t  i s ,  l e s s  negat ive  than i s  observed.  S im i la r  reasoning  may be 

used as well to  argue t h a t  a lower m value than i s  observed should 

accompany t h i s  mechanism.

3. Nucleophi l ic  Attack (Spj2 ‘ ) (Fig. 21)

Both mechanisms 3a and 3b y i e l d  the  propargyl alcohol  through 

n u c le o p h i l i c  a t t a c k  by water  a t  the  d ia ry l  s u b s t i t u t e d  carbon atom, 

t h a t  i s ,  an 5^2' r e a c t io n .  Mechanism 3a involves the  p re l im ina ry  

formation o f  a carbarn*on with subsequent loss  o f  a proton and a 

c h lo r id e  ion to  form the  p roduct .  Mechanism 3b involves a concerted  

ro u te .  Both mechanisms can be e l im ina ted  on a bas is  of  the  s u b s t i ­

t u e n t  s tud y .  The e le c t r o n  r i c h  na tu re  o f  the  incoming nuc leoph i le  

would sugges t  t h a t  the  r e a c t io n  should be f a c i l i t a t e d  by s u b s t i t u e n t s  

which would diminish the e l e c t r o n  den s i ty  a t  the  double bond. The 

o ppos i te  e f f e c t ,  however, was observed in  t h i s  work. In the  s e r i e s  

-C1<H<CH3<CH30- where e le c t r o n  donating a b i l i t y  inc reases  as shown, 

corresponding r a t e  in c re a s e s  were observed.  The observed negat ive  

value o f  rho i n d ic a t e s  development o f  p o s i t iv e  charge on the  aryl  

s u b s t i t u t e d  carbon.  Although the  s o lv e n t  e f f e c t s  wi tnessed  in t h i s  

work might be expected f o r  a carbanion mechanism the  nega t ive  charge 

o f  the  spec ie s  c e r t a i n l y  i s  not  c o n s i s t e n t  with a negat ive  rho. In 

a concerted  mechanism no charge i s  developed a t  a l l .
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F i g u r e  21

N ucleophi l ic  Attack (Sfj2‘ )

a) v ia  Carbanion Formation b) v ia  a Concerted Mechanism

Phx .Cl
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In the  case of  the  carbanion mechanism i t  would be expected t h a t

value i s  c o n s i s t e n t  with negat ive  charge developed one carbon av/ay 

from t h e  s u b s t i t u t e d  r in g .  A very small or  zero value o f  p  should 

be observed in  the  concerted mechanism s ince  no formal charge i s  

developed in  the  a c t i v a t e d  complex. A comparison o f  rho values f o r  

var ious  degrees o f  charge development may be seen in Table VIII .

S^2 r e a c t i o n s  a re  g e n e ra l ly  c h a ra c te r i z e d  by small nega t ive  o r  p o s i t i v e  

rho va lues .

Another in d ic a t i o n  as to  whether o r  not  s o lv o ly s i s  proceeds v ia  

a S^2 mechanism i s  the  s e n s i t i v i t y  o f  the  re a c t io n  to  the  n u c le o p h i l i c  

s t r e n g th  o f  the  so lv e n t .  In a b imolecu lar  r e a c t io n  the nuc leoph i le  

p a r t i c i p a t e s  in  the  r a t e  determining s te p  and th e r e f o re  r a t e  cons tan ts  

should be highly  dependent on i t s  c h a r a c t e r i s t i c s . A unimolecular  

mechanism, however, involv ing  the  breaking o f  a bond in  the  r a t e  

determining s t e p ,  should be l i t t l e  a f f e c t e d  by changes in  the  nucleo- 

p h i l i c i t y  o f  the  so lv e n t  as a t t a c k  occurs a f t e r  the  bond breakage.

In 1951 Grunwald, Winste in ,  and Jones r ev ised  the  f r e e  energy r e l a ­

t io n s h ip  involv ing  so lv e n t  e f f e c t s  to include  a term rep re se n t in g  the
29

n u c l e o p h i l i c i t y  o f  the  s o lv e n t .  By comparing r a t e  cons tan ts  in  

so lv e n ts  o f  s i m i l a r  ion iz ing  a b i l i t i e s  ( t h a t  i s ,  s i m i l a r  Y va lues)  

the  e f f e c t  o f  changes in n u c l e o p h i l i c i t y  can be s tu d ie d .

a p o s i t i v e  rho value of approximately  2.2  would be observed. This

e f f e c t  o f  so lv e n t  
io n iz in g  power

e f f e c t  o f  so lven t  
n u c le o p h i l i c i t y
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In t h e i r  work Grunwald, Winste in,  and Jones chose to  compare the  

r e a c t io n s  o f  var ious  compounds in a h igh ly  n u c le o p h i l i c  e th a n o l-w a te r  

so lv e n t  with those  in  the much l e s s  n u c le o p h i l i c  formic and a c e t i c  

a c id s .  The da ta  c o l l e c t e d  in these  s tu d ie s  may be seen in  Table IX.

■ I t  should be no t iced  t h a t  r e a c t io n s  which a re  c h a ra c te r i z e d  by a l a rg e  

m value have a Tow s e n s i t i v i t y  toward so lv e n t  n u c l e o p h i l i c i t y ,  while  

those  having small m values have a high s e n s i t i v i t y  toward t h i s  f a c t  

The r e l a t i v e  s e n s i t i v i t i e s  in  th ese  s tu d ie s  showed t h a t  S^l processes 

t y p i c a l l y  give values near  u n i ty  whereas S^2 r e a c t io n s  have values 

ranging betv/een 20 and 200. The r e l a t i v e  s e n s i t i v i t i e s ,  however, 

a re  a func t io n  o f  the  so lven t  systems under i n v e s t i g a t i o n .  Therefore 

ty p ic a l  da ta  f o r  S^l and S^2 r e a c t io n s  must be c o l l e c te d  in  any two 

s o lv e n t  systems chosen f o r  such a n u c l e o p h i l i c i t y  comparison, before  

the  e f f e c t  o f  changing from one to  the  o th e r  system can be used to 

d i s t i n g u i s h  betv/een the  two mechanisms.

A comparison of  the  r a t e  cons tan ts  f o r  1 ,3 ,3 - t r ip h e n y le h lo r o -
39a l l e n e  in 90:10 e th a n o l :w a te r  (Y = - .727)  and an aqueous acetone 

40
s o lu t io n  having an equal Y value gave a ke thano1_wate,-/kaq. acetone 

= 1 3 . 9 .  Any value f o r  t h i s  r a t i o  o th e r  than u n i ty  implies t h a t  the  

r a t e  c o n s tan t  in  90:10 e th a n o l :w a te r  would not  f i t  on the  o r ig in a l  

mY p l o t  by Hixon f o r  t r ip h e n y l  c h io ro a l l e n e .  The n e c e s s i ty  o f  e x p la in ­

ing such descrepanc ies  o r i g i n a l l y  led Grunwald, Winstein ,  and Jones 

to  propose the new r e l a t i o n s h i p  inc lud ing  the  n u c l e o p h i l i c i t y  term.

The importance o f  the  above value f o r  the  s e n s i t i v i t y  o f  t r ip h e n y l - ,  

c h lo ro a l le n e  in d i s t in g u i s h in g  p o ss ib le  s o l v o l y t i c  mechanisms is  

small a t  the  p re s e n t  time as da ta  concerning the  s e n s i t i v i t y  of
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T a b le  IX

aThe E f fe c t  o f  Solvent  N u c leo p h i l i c i ty  Changes'

Compound T,C m(aq. EtOH) ^EtOH^^HCO H

From r e f .  30.
b

value f o r  Me0S02CeH6 a t  50 C.
c

assumed va lue .

CH3 Br 50 0 .26 200

CH3OTs 75 0 .23b 55

EtBr 55 0.34 80

EtOTs 50 0.26 18

n.-PrBr 95 (0 .3 4 )c 68

i so -PrB r  50 0.54 20

te r t -B uB r  25 1.00 1

C6H5CH2C1 50 0.43 4

Br 100 0.88 0.5

a
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S^l and S^2 processes  in the  r e s p e c t iv e  so lv en ts  ( t h a t  i s ,  ace tone:

H2O V£ Et0H:H20) has not  been compiled.

4. Unimolecular S u b s t i t u t i o n  (S^1 * )

I t  can be seen t h a t  a unimolecular  mechanism i s  most compatible  

with t h e .d a t a  obta ined  in  our i n v e s t i g a t i o n .  A summary of the  evidence 

and i t s  im p l ica t io ns  i s  c o l l e c t e d  in  Table X. I t  should be noted t h a t  

no evidence has y e t  been found to  c o n f l i c t  with the  unimolecular  p rocess .

5. Rearrangement

One f i n a l  mechanism which must be considered  is  the  rearrangement 

o f  the  a l l e n y l  c h lo r id e  to  the  propargyl c h lo r id e  before  s o l v o l y s i s .  

Jacobs and Fenton^ have suggested t h a t  the  a l l e n e  would be expected 

to  be the  more s t a b l e  o f  the  two compounds from both s t e r i c  and 

resonance c o n s id e r a t io n s .  The C-Cl bond of  the  propargyl  c h lo r i d e ,  in
3

which the  halogen atom is  bonded to a sp o r b i t a l  o f  carbon and is

surrounded by two bulky phenyl r i n g s ,  should be cons iderab ly  more

s t e r i c a l l y  s t r a i n e d  than t h a t  of  the  a l l e n y l  c h lo r id e  where the  halogen
2

r e s id e s  in  a p lana r  sp c o n f ig u r a t io n .  Also the  more ex tens ive  

c o n f ig u ra t io n  o f  the  a l l e n y l  system should lower i t s  ground s t a t e  

energy compared to  t h a t  o f  the  propargyl  c h lo r id e .

Since a search o f  the  l i t e r a t u r e  revealed  no rep o r ted  s tu d ie s  

i n v o lv in g ' l - c h l o r o - 1 ,1 ,3 - t r i p h e n y l - 2 - p r o p y n e  ( X I I ) ,  the  propargyl  

c o u n te r p a r t  of  the  t r ip h en y l  c h io ro a l le n e  (XIII)  i t  was necessary  to  

e s t im a te  i t s  r a t e  o f  s o l v o l y s i s .  The e f f e c t  o f  the  a c e ty l e n i c  bond 

on the  r a t e  o f  so lv o ly s i s  was f i r s t  e s t im a ted .  The r a t e  c o ns tan t  f o r
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Table X

A Summary of  Evidence Favoring a S ^ l '  Mechanism

Mechanism
Cl -Cl" + HO

Ph2C=C=C - Ar Ph2C - C=C - Ar

-H+
Ph2C -  C=C - Ar -----  Ph2 -  C - C=C - Ar

2 1 2 i
©OHg OH

evidence in fe ren ce

p = -2 .02  ± .03 
in c re a s e  in k, with inc re ase  

in so lv e n t  p o l a r i t y  
common ion r a t e  d e p re ss ion 3

p o s i t i v e  charge developed in t r a n s i t i o n  
s t a t e

charged spec ies  in t r a n s i t i o n  s t a t e  
f r e e  carbonium ion production

a
This work v/as performed by M. 0. S c h i a v e l l i .



the  so lv o ly s i s  o f  t - b u ty l  c h lo r id e  (IX) may be compared with t h a t  

f o r  3 -ch lo ro -3 -m ethy l- l -bu tyne  (X). The i n t e r p o s i t i o n  of  the  t r i p l e  

bond has the  e f f e c t  o f  in c re as in g  the value o f  the  r a t e  c o n s tan t  by 

a f a c t o r  o f  264. Assuming a s i m i l a r  e f f e c t  by the  t r i p l e  bond in 

l - c h l o r o - l , l , 3 - t r i p h e n y l - 2 - p r o p y n e  (XII) the  r a t e  c o n s tan t  f o r  s o l ­

v o ly s i s  o f  t h i s  compound would be es t im ated  from the  r a t e  con s tan t  

o f  t r iphenylmethyl  c h lo r id e  (XI) by m ult ip ly ing  i t s  r a t e  co n s tan t  by
r

the  same f a c t o r  o f  264. Doing t h i s ,  a f ig u re  of approximately  2350 

s e c ”  ̂ was derived  f o r  the  r a t e  c o n s tan t  of  the t r ip h e n y l  propargyl 

c h lo r id e  s t r u c t u r e  (XII) in  85% ace tone .  The 5% d i f f e r e n c e  in so lven t  

composition i s  a r e l a t i v e l y  small f a c t o r  and the  f a c t  t h a t  the  

f i g u r e  o f  2350 s e c ' V i s  10^ times g r e a t e r  than the  observed r a t e  

c o n s tan t  in these  s tu d ie s  would seem to e l im in a te  a rearrangement 

mechanism beyond any doubt.  The data  used in the  e s t im a t io n  of  the  

above r a t e  c o ns tan t  i s  c o l l e c t e d  in Table XI.

E, Product  Studies

Since i t  has been demonstrated t h a t  the  S.,1 mechanism i s  theN
most probable mechanism involved in  the  so lv o ly s i s  o f  t r i a r y l  ch io ro -  

a l l e n e s ,  i t  must be asked why the  propargyl alcohol i s  the  exc lus ive  

product  produced in  t h i s  r e a c t io n  (see  Table I ) .  I t  should be 

remembered t h a t  the  in te rm e d ia te  carbonium ion i s  a resonance s t a b i l i z e d  

s t r u c t u r e  in which p o s i t i v e  charge i s  developed a t  both ends o f  the 

o r i g in a l  a l l e n y l  s t r u c t u r e .
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TABLE XI

Data For Est imation  o f  T r ipheny lp ropargy lch lo r ide  Rate Constant

Solvent
Compound Acetone:Water T, C 10 k, sec~^a Ref.

H,C -  C -  Cl (IX) 80:20 25° 1.94 x 1 0 -6(1) 28
3 I

t - b u ty l  c h lo r id e

ch3

HC g C -  C -  Cl (X) 80:20 25° 5.13 x 10-s (264) 41

k
3-ch loro-3-m ethyl-1-bu tyne

Ph -

Ph
i
C - Cl
i
Ph

(XI) 85:15 25° 8.9 28

Ph - C=C -

Ph
i
C - Cl
I
Ph

(XII) 25° 2.35 x 103(10£3)^)c a l c u l a t e d

Ph Ph

C = C = C 
/ \

Ph Cl

(XIII) 85:15 25° 4 .8  x 10 - 5
31

aValues in  p a re n th e s i s  i n d ic a t e  r e l a t i v e  k. 

^ r e l a t i v e  to  (XIII)
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The ques t ion  then a r i s e s  as to  why no product  from a t t a c k  a t  the  

a l l e n y l  p o s i t io n  was i s o l a t e d  under cond i t ions  approximating those 

o f  the  k i n e t i c  s t u d i e s .

Because o f  the  f u l l y  overlapped na ture  o f  the p o r b i t a l  system 

(see  Fig. 22) ,  tt e l e c t r o n  d e lo c a l i z a t i o n  between C-3 and C-l must 

r e s u l t  from d i f f e r e n c e s  in  s t a b i l i t y .  Molecular o r b i t a l  c a l c u l a t io n s  

invo lv ing  the  e thyl  and vinyl  c a t io n s  suggest  t h a t  the  s a tu r a t e d  

ion i s  o f  a lower energy than i t s  un sa tu ra ted  c o u n te rp a r t .  I t  could 

be i n f e r r e d  from these  da ta  t h a t ,  given a cho ice ,  p o s i t i v e  charge 

w o u ld .p re fe r  to  r e s id e  a t  the  propargyl  r a t h e r  than the  vinyl p o s i t i o n .  

Such in f e r e n c e s ,  however, may be unv/arranted in  t h i s  more complex 

system. A s im ple r  e x p la n a t io n ,  involv ing  the  s t a b i l i z i n g  e f f e c t  

o f  two phenyl r ings  a t  the  propargyl p o s i t io n  as opposed to  only 

one a t  the  a l l e n y l  p o s i t io n  may be s u f f i c i e n t .  Regardless o f  the  

reasoning  as to  v/hy charge d e n s i ty  should be g r e a t e r  a t  C-3, such 

an excess should lead  to inc reased  p o s s i b i l i t y  o f  so lv e n t  a t t a c k  a t  

t h a t  p o s i t i o n .  Indeed, a t  room temperature  a t t a c k  a t  the  propargyl 

carbon i s  the  only rou te  taken by the n uc leoph i le .  At e lev a ted  

tempera ture  ( r e f l u x ,  6 7 .3 ° ) ,  hov/ever, a new product  was found. This 

p roduc t ,  based on a n a ly s i s  o f  i r  s p e c t r a ,  was f e l t  to  be the  <*,8 - 

u n sa tu ra ted  ketone,  1 ,3 ,3 - t r ip h e n y lp r o p e n - l - o n e ,  which i s  the  expected 

product  from a t t a c k  a t  the  a l l e n y l  carbon,

i OHi
Ph2-C=C=C-Ar Ph2-C=C=C-Ar Ph2-C=C-C-Ar

I!
Ph2-C=C-C-Ar
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4
This ke tone ,  as suggested by Jacobs and Fenton,  should be a much more 

s t a b l e  product than the  propargyl alcohol based on both s t e r i c  and 

resonance c o n s id e ra t io n s .

An a d d i t io n a l  exp lana t ion  as to  why a t t a c k  might be hampered 

a t  th e  a l l e n y l  p o s i t io n  may be t h a t  th e re  i s  e x t r a  e le c t r o n  d en s i ty  

a t  t h a t  p o s i t i o n ,

,C*-~t"=~ C - 
3 2 1

Comparing carbons 1 and 3 we see t h a t  in the  resonance s t r u c t u r e s  

a c o n s tan t  excess o f  e l e c t r o n  d e n s i ty  i s  maintained in  the  overlapped 

p o r b i t a l  o f  C-l and C-2. This t t  cloud o f  e x t r a  e l e c t r o n s  may 

comparat ively  h in d e r  the  en trance  of  the  e le c t ro n  r i c h  nuc leophile  

by e l e c t r o s t a t i c  r e p u l s io n ,  thereby adding to  the  a d d i t io n a l  energy 

a l r e ad y  needed to  cause bonding a t  the  C-l p o s i t i o n .  This e f f e c t  

would be expected to  be o f  only s l i g h t  importance in  comparison with 

the  a t t r a c t i v e  s t r e n g th  o f  a formal charge ,  however. The needed 

e n e rg ies  mentioned above may be gained from the  h igher  tempera ture  o f  

r e f l u x ,  and thereby  account f o r  the  production of  the  « ,p - u n s a tu ra t e d  

ketone.

A second method f o r  the  product ion  o f  t h i s  ketone should be
42considered  as w e l l .  In 1922 Meyer and Schuste r  r epo r ted  the  r e a r ­

rangement o f  1 , 1 , 3 - t r ipheny lp ropargy l  alcohol to  1 ,3 ,3 - t r i p h e n y l -  

p ro p en - l -o n e ,  the  cy,p-unsaturated ketone which has been repo r ted  

here  as a minor product  o f  so lv o ly s i s  a t  e le v a ted  tem pera tu res .  The 

rearrangement ,  an apparen t  1,3 hydroxyl s h i f t ,  normally occurs  in



high ly  a c id ic  media ( o r ig in a l  work - 10 g propargyl a l e . ,  50 cc.  AcOH, 

2cc cone. H0 S(1 ) .  The ketone was properly  i d e n t i f i e d  and e x h ib i t s  

a m el t ing  p o in t  o f  86-87°, In 1923 Moureau, Dufra isse  and M acka l l^  

r ep o r ted  t h a t  the  same carb inol  y ie ld e d  a yellow m a t e r i a l ,  mp 87-87.5 , 

when heated with a lc o h o l i c  Hs S04 o r  HC1. Presumably t h i s  product  

was a l s o  the  a  - u n sa tu ra te d  ketone.

Since the  e a r l y  d i s c o v e r i e s  o f  rearrangements involv ing  propargyl

a lcoho ls  a number of  mechanisms have been proposed ^ ( s e e  Fig. 23) .
)

Some degree of  confusion s t i l l  remains as to  the  exac t  mechanisms of  

the  Meyer-Schuster  rearrangement and o f  a s p e c i a l i z e d  case  known as 

the  Rupe rearrangement. The i n i t i a l  s t e p  i s  g en e ra l ly  considered 

to  be e i t h e r  p ro to n a t io n  o f  the  hydroxyl group o r  the  a c e ty l e n i c  

bond. In the  f i r s t  case the  lo s s  of  water  should form a ca t io n  iden­

t i c a l  to  t h a t  p o s tu la t e d  in  the  p re s e n t  work. This c a t io n  can then 

lose  a proton to  form an ene-yne s t r u c t u r e ,  which on subsequent 

hydra t ion  of  the  a c e ty l e n i c  bond forms an e n o l . Tautomerization then 

y i e l d s  a carbonyl p roduct .  A second p o ss ib le  r e a c t io n  o f  the  resonance 

c a t io n  i s  a t t a c k  by water  a t  the  a l l e n y l  p o s i t io n  to  y i e l d  a second 

carbonyl product .

The a l t e r n a t i v e  i n i t i a l  s t e p  mentioned, p ro to na t ion  o f  the  ace ­

t y l e n i c  bond, can a l s o  lead to  formation o f  a rea rranged  ketone by 

a number o f  pathways. These involve d i r e c t  hydroxyl s h i f t s ,  epoxide 

oxonium s a l t  fo rm at ion ,  and hydra t ion-dehydra t ion  mechanisms.

F u r th e r  s tu d ie s  must be made before  the  exact  mechanism involv ing  

the  rearrangement o f  the  t r ip h e n y l  propargyl alcohol can be formula ted .  

However, the  most reasonable  pathway (see  Fig. 24) would seem to



F i g u r e  23

Proposed Mechanism Involved in Meyer-Schuster  Rearrangements

73

a) P ro tona t ion  of  Hydroxyl Group

OH
i

R* - CHa - C. - C 5  C - R"
i

©oh2 .

R‘ -  CHa -  C -  C
i
R

= C - R"

- h2o

CH = C -  C = C

R‘ -  CH,

R

R

C = C = C -  R"

R

i

R

OH

R"

| +Hc°

?H ,H 
Rl - C H = C - C = C

nR“

0 H
n i

R'  -  CH = C - C - C - H» i
R R"

0
R' - CHa ii

' C = C - C - R"
R

"apparent"  1,2  hydroxy s h i f t  g e n e ra l ly  
r e f e r r e d  to  as the  Rupe Rearrangement.
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F ig u r e  24

Most Reasonable Pathway f o r  Meyer-Schuster Rearrangement 
in Triphenylpropargyl  Alcohol

OH
i

Ph - C - C = C
i
Ph

- Ph

+H

©OH2
1

Ph - C - C'= C 
1
Ph

-HoO

- Ph

©
C - C 
1
Ph

= C - Ph

+H20

Ph

Ph
C = C = C -  Ph

Ph.

Ph

% 2

Ph

-H

Phv OH
C * C = c ' 

Ph" NPh

Ph

Ph
C *

011
C - Ph
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involve  a f a c i l e  p ro to n a t io n  o f  the  hydroxyl group lead ing  to  the  

formation of  a h igh ly  s t a b i l i z e d  p ro p a rg y l -a l l en y l  c a t io n  by loss  

o f  wa ter  which i s  then a t t a c k e d  a t  the  a l l e n y l  carbon.  Any pathway 

r e s u l t i n g  in  an apparent  1,2  s h i f t  can a u to m at ica l ly  be e l im in a te d ,  

as can the  lo ss  o f  a proton from the  ca t io n  in te rm ed ia te  in  general  

mechanism (A). Formation of  the  carbonium ion should be an important  

s t e p  in both case s .  However, p ro tona t ion  of  the  t r i p l e  bond does not  

y i e l d  a c a t io n  with t h e  s t a b i l i t y  o f  the  c a t io n  formed in  mechanism 

(A).

Evidence favor ing  the  carbonium ion pathway to  the  <*,B-unsaturated 

ketone over  rearrangement o f  the  carb inol  would lend a d d i t io n a l  proof 

f o r  the  s p e c i f i c  carbonium ion in te rm ed ia te  p o s tu la te d  in the  so lv o ly s i s  

o f  the  t r i a r y l c h l o r o a l l e n e s .  Table I shows the  r e s u l t s  o f  s t u d i e s  

undertaken in  an a t tem pt  to  f in d  such evidence .  A comparison o f  

experiments 3̂  and 6 a re  o f  the  g r e a t e s t  a s s i s t a n c e  in  shedding 

l i g h t  on the  dilemma. Experiment 3̂  involved re f lu x in g  1 , 3 , 3 - t r i -  

phenyl chi o ro a l len e  in  an 80:20 ace tone :w ate r  so lu t io n  f o r  45 minutes .

In experiment 6_ equimolar amounts of  l , l , 3 - t r i p h e n y l - 2 - p r o p y n - l - o l  

and HC1 were placed in a 80:20 ace tone :w ate r  s o l u t i o n ,  and i t  too 

was re f lu xed  f o r  45 minutes. Approximately equal amounts o f  the  

a l l e n e  and the  carb ino l  were used in  th e  two experiments.

Although no q u a n t i t a t i v e  measurements were made to  determine 

the  r e l a t i v e  amounts o f  products p r e s e n t ,  a q u a l i t a t i v e  examination 

o f  the  carbonyl  and vinyl hydrogen absorp t ions  in  the  i r  s p e c t r a  

would seem to  i n d ic a t e  t h a t  a s u b s t a n t i a l l y  g r e a t e r  amount o f  ketone 

was produced from the  a l l e n e  than from the carb inol  s o l u t i o n .  In
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f a c t ,  no c h a r a c t e r i s t i c  abso rp t ions  o f  the  ketone a re  ev id en t  in  the  

c a r b in o l - a c id  experiment. I f  rearrangement o f  the  carb inol  were the  

only mechanism involved ,  one could l o g i c a l l y  expec t  no more ketone 

from the  a l l e n e  than an amount equal to  t h a t  from the  c a r b in o l .  The 

excess ketone must have been produced via  the  second mechanism — 

namely n u c le o p h i l i c  a t t a c k  o f  wa ter  on the  a l l e n y l  c a t io n  and subse­

quent tautomerism to  the  » ,p - u n s a tu ra t e d  ketone.  These da ta  would 

seem to  add to  the  evidence f o r  the resonance s t a b i l i z e d  in te rm ed ia te  

carbonium ion p o s tu la t e d  e a r l i e r .  The q u a l i t a t i v e  na tu re  o f  the  

conclusions  from i r  s p e c t r a ,  however, make f u r t h e r  s tu d ie s  in  t h i s  

a rea  o f  ketone product ion  d e s i r a b l e .  Figure 25 shows a p o s tu la t e d  

energy diagram f o r  the  s o lv o ly s i s  r ea c t io n  o f  t h i s  c h lo r o a l l e n e .

F. A c t iv a t ion  Parameters o f  l - (4 -c h lo r o p h e n y l ) - 3 , 3 -d ipheny lch lo ro ­
al  lene .

Rates o f  s o lv o ly s i s  f o r  l - (4 -c h lo ro p h e n y l ) -3 ,3 -d ip h e n y l -  

c h lo ro a l l e n e s  were determined in  80:20 ace tone :w ate r  a t  25°,  35°, and 

45°.  The data  were used to  compute the  a c t i v a t i o n  parameters o f  the  

compound by using a computer program by D. F. Detar and C. E. D e t a r ^ ,

Table XII

Data f o r  C a lcu la t ion  of  Act iva t ion  Parameters of  
l - (4 -c h lo ro p h e n y l ) -3 ,3 -d ip h e n y lc h lo ro a l le n e

105k, s e c ”1 T°C In k 103 i
 ___  T

27.7 ± .10 
9.16 ± .10  
2.76 ± .10

25.00 ± .02 
34.83 ± .02
45.08 ± .02

-10.50
-  9.30
-  8.19

3.35
3.25
3.14
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The c a l c u l a t e d  values a t  25° were Ea » 21.7 ± .13 kcal /m ole ,  aS*=

-8 .80  ± .43 e . u . ,  aH+= 21.1 ± ,13 kcal /m ole ,  and aG*= 23.7 kcal /mole.  

Table XII shows the  da ta  c o l l e c t e d .

A comparison of  these  r e s u l t s  and those o f  e a r l i e r  vinyl systems 

thought  to  involve a 1 mechanism may be seen in  Table XIII .  The 

data  f o r  t h i s  c h lo ro a l le n e  seem compatible with such systems.  The 

lower energy o f  a c t i v a t i o n ,  Ea , and the  en tha lpy  of  a c t i v a t i o n ,  AH , 

va lues  f o r  the  two a l l e n y l  compounds i n v e s t i g a t e d  in t h i s  s tu dy ,  would 

be expected due to  the  l a rg e  amount o f  charge d e lo c a l i z a t i o n  a f fo rd in g  

s t a b i l i z a t i o n  o f  the  t r a n s i t i o n  s t a t e .  The s l i g h t l y  h igher  values 

o f  these  two parameters f o r  the  £ -ch lo ro  s u b s t i t u t e d  a l l e n y l  com­

pound compared to  those  f o r  the  u n su b s t i tu te d  t r ip h e n y lc h lo r o a l le n e  

a re  a l s o  expected s in ce  the  e l e c t r o n  withdrawing c h lo r in e  atom-would 

tend to  have a d e s t a b i l i z i n g  e f f e c t  on the  carbonium ion in te rm e d ia te .  

The s l i g h t l y  l e s s  negat ive  AS* f o r  the  £ -ch lo ro  s u b s t i t u t e d  compound 

can be i n t e r p r e t e d  as r e s u l t i n g  from the  decreased so lv e n t  alignment 

around the  a c t i v a t e d  complex as compared to  t h a t  o f  the  p a ren t  compound. 

This decrease  in so lv e n t  a l ignm ent ,  r e s u l t i n g  in an in c rease  in  AS*, 

i s  due to  the  sm a l le r  degree o f  p o s i t iv e  charge developed a t  the  

re a c t io n  c e n te r .  This sm a l le r  degree of  bond breaking i s  caused 

by the  d e s t a b i l i z i n g  e f f e c t  o f  the  j3- ch lo ro  s u b s t i t u e n t ,  which does 

not  allow bond breaking to  occur to  the  same e x te n t  as the  r e l a t i v e  

n e u t ra l  e f f e c t  o f  hydrogen. Added to  t h i s  i s  the  f a c t  t h a t  the  

charge which i s  developed would be spread over a l a r g e r  a rea  thereby 

decreas ing  the  i n t e n s i t y  o f  such charge.  I t  i s  well to  note  t h a t
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the  i s o l a t e d  in c id e n t  o f  decreased  bond breaking should ,  however, 

r e s u l t  in  a decrease  in  the  entropy.  I t  would seem, th en ,  from 

the  observed in c re a s e  in  AS4", t h a t  so lv e n t  o r i e n t a t i o n  i s  the  more 

important  e f f e c t  in  t h i s  case .

A comparison of  a c t i v a t i o n  parameters f o r  unimolecular  and 

b im olecu lar  r e a c t io n s  involv ing  the  vinyl system may be e s t a b l i s h e d  

by examining Tables XIII and XIV r e s p e c t iv e ly .  In s o l u t io n  u n i ­

molecular  r e a c t io n s  o f  these  systems e x h i b i t  h igher  a c t i v a t i o n  

parameters than do t h e i r  b imolecular  r e a c t i o n s .  The h igher  values 

f o r  Ea4" and can be expla ined  in  l i g h t  o f  the  f a c t  t h a t  more energy 

i s  needed to  break the  bond between leaving  group and s u b s t r a t e  

when th e r e  i s  no a s s i s t a n c e  due to  bond formation as in the  case  o f  

b im olecu la r  r e a c t i o n s .  Both o f  these  re a c t io n s  u su a l ly  e x h ib i t  

nega t ive  values o f  AS4" in s o l u t i o n .  In the  gas phase,  a unimolecular  

r e a c t io n  involv ing  the  product ion  o f  two spec ies  from one, would be 

expected to  have a p o s i t i v e  AS4" s ince  the  system becomes more d iso rde red  

in the  t r a n s i t i o n  s t a t e .  The oppos i te  i s  expected f o r  b imolecu lar  

r e a c t io n s  in  the  gas phase. Two spec ies  j o in in g  to  form one in  the  

t r a n s i t i o n  s t a t e  cause an in c re ase  in  the  o rder ing  o f  the  system 

and th e r e f o r e  a nega t ive  AS* i s  expected. In s o l u t i o n ,  however, the  

entropy o f  the  e n t i r e  system must be considered  s in c e  the  so lv e n t  

has an e f f e c t  on the  o v e ra l l  entropy change. In s o l v o l y t i c  r e a c t io n s  

charge development may be involved to  some e x te n t  in  both mechanisms.

In p a r t i c u l a r  the  b imolecu lar  r e a c t io n  o f  so lv e n t  with s u b s t r a t e  

has been compared with the  simple unimolecular  so lv o ly s i s  r e a c t io n
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in  Section C ( p . 5 1 ) ,  Therefore  so lv e n t  d ipo les  a l ig n  themselves to  

s t a b i l i z e  such charges ,  causing  a decrease  in  aS*. Depending on 

th e  n a tu re  o f  the  so lv e n t  and the  charged s p e c i e s ,  t h i s  e f f e c t  may 

be o f  g r e a t e r  importance than th e  bond breaking and bond making 

c o n s id e ra t io n s  to  the  s ign  o f  th e  ove ra l l  AS*. Since the  two e f f e c t s  

oppose one ano ther  in  the  case o f  the unimolecular  mechanism, the  

r e l a t i v e  AS* would tend to  be h ig h e r ,  t h a t  i s ,  l e s s  n e g a t iv e ,  than 

in  b im olecu lar  mechanisms where the  two e f f e c t s  work in  the  same 

d i r e c t i o n .



PROPOSAL FOR FUTURE STUDIES

A number o f  s tu d ie s  could be undertaken to  f u r t h e r  unders tand 

th e  mechanism involved in  these  so lv o ly s i s  s t u d i e s .

A. Fur ther  In v e s t ig a t i o n  of  S^l vs_ S^2 mechanism:

1. The e f f e c t  o f  changing the  leav ing  group: Element E f fe c t s

A comparison o f  the  r a t e s  o f  compounds d i f f e r i n g  only in the  

leav ing  group can y i e l d  va luab le  information as to  whether such leaving  

groups p a r t i c i p a t e  in  the  r a te -d e te rm in in g  s te p  o f  the  r e a c t io n .

This comparison u s u a l ly  involves h a l id e  ions as the  leav ing  groups.  

Mechanisms which r e q u i r e  a cons iderab le  degree o f  bond breaking 

between the  s u b s t r a t e  and the leav ing  group in the  t r a n s i t i o n  s t a t e ,  

t h a t  i s  S^l mechanisms, should undergo a r a t e  inc rease  fol lowing the 

o rd e r  I>Br>Cl»F.  This s e r i e s  rep re se n ts  the  o rd e r  f o r  inc reased  

ease  o f  carbon halogen bond breaking .  On the  o th e r  hand, i f  bond 

making, t h a t  i s  an S^2 mechanism, i s  involved in  the  ra te -d e te rm in in g  

p ro ce ss ,  the  more p o la r i z a b l e  and l e s s  h indered system w i l l  be the  

more r e a c t i v e .  The r a t e  s e r i e s  then would be rep resen ted  as 

I>F»B r>C l . Table XV l i s t s  a number o f  re a c t io n s  and the  c a l c u l a t e d  

element e f f e c t s .  An example o f  the  use o f  such da ta  can be taken 

from the  work o f  Rappoport and Gal^ involv ing  the s o lv o ly s i s  o f  the  

l - a n i s y l - 2 ,2 - d ip h e n y le th e n y l  ha l id e s  (Hal. = Br, C l) .  In t h i s  work

86
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a brom ide /ch lo r ide  r a t e  r a t i o  of  57,6 a t  120° v/as taken as evidence 

f o r  a unimolecular  mechanism. Since the  bromide compound so lvolyzed  

a t  a r a t e  g r e a t e r  than t h a t  f o r  the c h lo r id e  compound, the  in f luence  

of  bond breaking must have been more important  in the  ra te -d e te rm in in g  

s t e p .  For t h i s  and o th e r  rea so n s ,  the  r ea c t io n  was d iscussed  in  terms 

of  an in te rm e d ia te  vinyl c a t io n  formed by a S^l mechanism.

2. The e f f e c t  o f  a changing s u b s t i t u t i n g  agen t :  Added Nucleophile
i w i n n n m w i w u i w i  »A. ay n i»g^B H »iii

The e f f e c t  o f  a change in  the  nuc leophi le  involved in  the  

s u b s t i t u t i o n  r e a c t io n  can be o f  g re a t  importance in d i s t in g u i s h in g  

m echanis t ic  c h a r a c t e r i s t i c s .  I f  the  add i t io n  o f  a powerful nucleo­

p h i le  (compound to  the  s o l v e n t ,  e . g . ,  OH", o r  Et3N:) does not show 

an a p p rec iab le  in f luence  on the  re a c t io n  r a t e ,  i t  i s  inconceivab le  

t h a t  the  so lv e n t  should fun c t io n  as a reagen t  in the  ra te -d e te rm in in g  

s t e p .  I f ,  on the  o th e r  hand, such reagents  do a f f e c t  the  r a t e ,  i t  

must mean t h e i r  p a r t i c i p a t i o n  in the  incurs ion  of  a b imolecular  

r e a c t i o n .  I t  r e q u i re s  f u r t h e r  con s id e ra t io n  to determine whether or  

not  the same i s  t ru e  o f  the  r e a c t io n  with s o lv e n t ,  however. Such 

s tu d ie s  would only serve  to  sugges t  the  l ik e l ih o o d  o f  a S^2 s o lv o ly s i s  

and the  degree o f  c o n s id e ra t io n  warranted .  A summary of  added 

nuc leop h i le  s tu d i e s  performed on a lkyl  bromides and the  in fe rences  

made from them i s  to  be found in Table XVI. One example o f  t h e i r  

use was in  the  study o f  vinyl  t r i f l a t e s  made by Stang and S u m m erv i l le .^  

The mechanism f o r  s o lv o ly s i s  o f  these  compounds (XIV)

0

R 0-S-CF
N C=C'  r 
/  \  0 

R ch3
o

3
a) R=R'=H
b) R=CH , Rl=H
c) R=H, R'=CH

H +
" C=OCH  ̂ , / 3

(XIV) (XV)
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was seen as a balance between concerted  e l im in a t io n  and a unimolecular  

i o n i z a t i o n ,  the  importance o f  each changing with changes in R and R*.

On the  bas is  o f  a 37-fo ld  in c re ase  in  r e a c t io n  r a t e  with added NaOH 

I the  concerted  e l im in a t io n  v/as favored in the  case o f  isopropenyl 

t r i f l a t e  (XlVa). In the c i s  and t r a n s  2 -bu ten-2-y l  t r i f l a t e s  the  

t r a n s  c o n f ig u ra t io n  lends i t s e l f  r e a d i ly  to  the  e l im in a t io n  mechanism.

The c i s  isomer, however, i s  in a g eom etr ica l ly  unfavorable  c o n f ig u ra t io n .  

I f  competi t ion  between the  two p o ss ib le  mechanisms were involved ,  a 

r a t e  enhancement should occur in  the  b imolecular  e l im in a t io n  r e a c t io n  

with the  a d d i t io n  of  a base such as py r id ine  to  the  system. This 

would lead  to  an in c rease  in  the r e l a t i v e  po r t ions  o f  the  e l im in a t io n  

products  ( dimethyl a c e ty l e n e , 58% o f  t o t a l  p roduct ;  methyl a l l e n e ,  9% 

of  t o t a l  product)  in comparison to  the  unimolecular  io n iz a t io n  product  

(2 -butanone,  33% of  t o t a l  p ro d u c t ) .  No such change in  the  observed 

product  r a t i o  was noted and in  combination with o th e r  da ta  t h i s  

evidence v/as used to  p o s tu l a t e  a unimolecular  io n iz a t io n  mechanism 

f o r  the  s o lv o ly s i s  o f  c i s - 2 -bu ten-2 -y l  t r i f l a t e  v ia  the  vinyl  c a t io n  (XV).

B. C h a ra c te r iz a t io n  o f  the  in te rm e d ia te :

1. Changes in r a t e  due to  added ions :  Sa l t .  E f fec ts

Assuming an S^l mechanism to  be c o r r e c t ,  the  s p e c i f i c  n a tu re  of  

the  in te rm ed ia te  ion p a i r  can sometimes be c h a ra c te r i z e d  through 

the  e f f e c t  o f  added common ions on the  re a c t io n  r a t e .  The ion p a i r



formed by bond cleavage can e x i s t  in  one o f  two s t a t e s ,  e i t h e r  as an 

in t im a te  p a i r  o r  as e s s e n t i a l l y  f r e e  ions .  The unimolecular  so lvo-  

l y t i c  r e a c t io n  can be r ep re sen ted  a s ,

Systems b e s t  r ep re sen ted  by a f r e e  ion p a i r  show a d e f i n i t e  

r a t e  decrease  on adding a common ion s a l t  to  the  r e a c t io n  m ixture .  

This decrease  i s  caused by competi t ion of the  added and o r ig in a l  

anions f o r  the  carbonium ion versus the  so lv e n t .  The r a t e  o f  r e tu rn  

to  s t a r t i n g  m ater ia l  should be increased  due to  the  mass law e f f e c t ,  

thereby  weighting the competi t ion  in favor  o f  such r e t u r n .  In 

systems where the  ion e x i s t s  as an in t im a te  ion p a i r ,  the r a t e  

shows no dependence on added common ion.  In t h i s  c a s e ,  the  o r ig in a l  

anion c o l l a p s e s  with the  carbonium ion p r e f e r e n t i a l l y  to  a t t a c k  

by e x te rn a l  io n s .  The c on cen tra t io n  of  such added ions i s  thus 

i r r e l e v a n t  and th e re  should be no e f f e c t  on the  r a t e  o f  r e tu rn  to  

s t a r t i n g  m a te r i a l .  Consequently no e f f e c t  on the  o v e ra l l  r a t e  o f  

s o lv o ly s i s  i s  observed.

A somewhat more s o p h i s t i c a t e d  manner o f  exp la in in g  the common 

ion e f f e c t  may be by examining the  d i f f e r e n t i a l  r a t e  equat ions  f o r  

the  two p o s s i b i l i t i e s .  P a r a l l e l  development o f  the  r e s p e c t iv e  

equat ions  from the  general  r e a c t io n  i s  shown in Figure 26. I t  should

X
h2o

R - X
in t im a te  p a i r

R -  OH + H+ + Cl

(P)

f r e e  ions
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be noted t h a t  only in  the  case  o f  f r e e  ions does the  c h lo r id e  ion 

c o n cen t ra t io n  play a ro le  in  the  r a t e  de te rminat ion  and t h a t  inc reas in g  

the  c h lo r id e  in  co ncen tra t ion  in  t h a t  system decreases the  expected 

r a t e  o f  product  formation.  The r a t i o  k / k fe, the  s e l e c t i v i t y  o f  

the  carbonium ion ,  i s  g e n e ra l ly  used as a measure of  common ion e f f e c t .  

P re l im inary  work by S c h ia v e l l i  involv ing  the  e f f e c t s  o f  added r a t e s  

on the  so lv o ly s i s  o f  1 ,3 ,3 - t r ip h e n y lc h lo r o a l l e n e  a t  25° in  90:10 

e th a n o l :w a te r  has shown a d e f i n i t e  common ion r a t e  depress ion  with 

added c h lo r id e  ions in the  form o f  Li C l . Added LiBr showed no 

d e p re s s io n ,  but  r a t h e r  a small r a t e  enhancement. These r e s u l t s  

tend to  d iscoun t  an in t im a te  ion p a i r  as the  in te rm ed ia te  in the 

s o lv o ly s i s  o f  t h a t  compound. The r a t e  in c re a se  upon a d d i t io n  of  

LiBr was seen as the  r e s u l t  o f  increased  p o l a r i t y  o f  the  so lv e n t  

due to  excess ions p re s e n t .  Some typ ica l  da ta  f o r  common ion de­

p re s s io n  s tu d ie s  a re  compiled in  Table XVII. I t  may be seen from 

t h i s  t a b l e  t h a t  both l - a n i s y l - 2 , 2-diphenylbromo and iodoethylene  

e x h i b i t  s o l v o l y t i c  r a t e  depress ions  on a d d i t io n  o f  common ion .  The 

value f o r  i t s  bromo compound, however, i s  somewhat sm a l l e r ,  which 

i s  expected and suppor ts  the  hypothes is  t h a t  s e l e c t i v i t y  r e s u l t s  from 

the  r e l a t i v e  s t a b i l i t y  o f  the  in te rm ed ia te  c a t io n .  The energy b a r r i e r  

to  the  r ev e rsa l  o f  the  i o n i z a t i o n  process f o r  the  iodo compound 

should be lower than t h a t  f o r  the  bromo compound as iod ide  ion 

i s  the  b e t t e r  n u c le o p h i le .  The lower energy would r a i s e  the  value 

of  k „ , and th e r e f o re  the  value o f  the  s e l e c t i v i t y  term-k /k- l  J - i  3
(k2 i s  the  same in both sys tem s) .  The observance o f  no common ion 

depress ion  in the  case of t r ip h e n y l io d oe thy len e  can be i n t e r p r e t e d
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T ab le  XVII

Typical Data From Common Ion Depression S tudies  
S e l e c t i v i t i e s  o f  Carbonium Ions3

Halide k /k _________    - i  g

Triphenylmethyl c h lo r id e 400

Benhydryl c h lo r id e 10-16

Benhydryl bromide 50-70

t-B uty l  bromide 1-2

2 , 2- d i p h e n y l - 1- an i s y l io d o e th y le n e 30-50

1 ,2 , 2- t r i  phenyli odoethyTene 0

2 ,2- d i p h e n y l -1-anisy lbromoethyl  ene 10

1 ,3 ,3 - t r i p h e n y lc h l o r o a l l e n e 5-13b

a
Table taken from r e f .  8 un less  o therwise  s p e c i f i e d .

b
P r iv a te  communication from M. D. S c h i a v e l l i .
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as being due to  the h igher  energy o f  the c a t io n  s ince  no s t a b i l i z i n g  

s u b s t i t u e n t  i s  a v a i l a b l e  to d e lo c a l i z e  the  charge developed.  This 

f a c t  may decrease the s e l e c t i v i t y  to  such a p o in t  t h a t  rev e r sa l  to  

s t a r t i n g  m ate r ia l  i s  impossib le .  A p o ss ib le  r e l a t i v e  energy d i a ­

gram f o r  these  systems may be seen in  Figure 27.

I t  should be recognized from t h i s  d iscuss ion  t h a t  r a t e  d e p re s s io n s ,  

due to  common io n s ,  demand a r e v e r sa b le  in te rm e d ia te ,  involv ing  

e s s e n t i a l l y  f r e e  io n s ,  whereas,  no e f f e c t  due to  common ions makes 

no d e f i n i t e  argument favor ing  e i t h e r  an in t im a te  p a i r  o r  f r e e  ions .

I t  i s  worth no t ing  here  t h a t  when speaking in  terms o f  the  r a t e ,  

what i s  meant i s  the  o v e ra l l  r a t e  o f  s o l v o l y s i s .  In the  s tu d ie s  

o f  t h i s  l a b o ra to ry ,  however, r a t e s  o f  product formation have been 

used as those  o f  the  o v e ra l l  r a t e .  An i n v e s t i g a t io n  involv ing  the  

r a t e  o f  d isappearance o f  a l l e n e  would be a d v isab le .  I f  these  r a t e s  

were i d e n t i c a l  to  those determined by fol lowing product  format ion ,  

long l iv e d  o r  in t im a te  ion p a i r s  would be impossib le .

I t  should be obvious t h a t  the  s a l t  e f f e c t s  d iscussed  above do 

not  apply to  the  one -s tep  n o n - re v e r s ib le  bimolecular  mechanism,

H*°R-X  R-OH +H + Cl

No such depress ion  of  the r a t e  should be observed from added common 

ion and the  only d i r e c t  e f f e c t  o f  added noncommon ions would be a 

p o s s ib le  r a t e  inc rease  in  the  lo s s  o f  r e a c t a n t ,  depending on the  

e x te n t  to  which the  added ions might a t t a c k  the  s u b s t r a t e .
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2. The e f f e c t  o f  changes in  the  s t r u c t u r e  o f  the  s u b s t r a t e :  

S u b s t i t u e n t  and S t r u c tu r a l  E f fe c t s  

Changing the  £ - s u b s t i t u e n t s  in the  phenyl r in g  a t  C-1 o f  th e  

t r i a r y l c h l o r o a l l e n e  r e s u l t e d  in the  d e te c t io n  o f  p o s i t i v e  charge 

a t  t h a t  carbon atom. The s o lv o ly s i s  of  these  compounds has been 

d iscussed  in  terms of  the  r e s o n a n c e - s t a b i l i z e d  c a t io n ,

This c a t io n  was p o s tu la t e d  to  have a g r e a t e r  charge d e n s i ty  a t  C-3 

due to  inc reased  d e lo c a l i z a t i o n  by the a d d i t io n a l  phenyl r in g  t h e r e .  

S u b s t i t u e n t  e f f e c t  s tu d i e s  involv ing  the  two aromatic  r in gs  a t  t h a t  

p o s i t io n  should y i e l d  information  concerning the  degree of  charge 

a t  t h a t  carbon.

More d r a s t i c  s u b s t i t u e n t  changes on the  bas ic  a l l e n e  system 

i t s e l f  should give f u r t h e r  i n s i g h t  in to  the  mechanism o f  h a lo a l l e n e  

s o lv o ly s i s  in  g en e ra l .  Systematic  s u b s t i t u t i o n  o f  a l l y l  o r  o th e r  

groups f o r  the  phenyl r ings  followed by i n v e s t ig a t i o n s  o f  any c o r ­

responding changes in c h a r a c t e r i s t i c s  o f  the  r e a c t io n s  ( r a t e ,  

p ro d u c t s ,  s o lv e n t  dependence, e t c . )  could lead to  a g r e a t e r  under­

s tand ing  o f  the  in te rm ed ia te  c a t io n .  By in c reas in g  o r  decreasing  

e l e c t r o n  d e n s i ty  around p a r t i c u l a r  carbon atoms, changes in  the  

degree to  which the  a l l e n y l  o r  propargyl  forms c o n t r ib u te  to  the  

c o n f ig u ra t io n  o f  the  ca t io n  can be a f f e c t e d .  On such study i s  now 

in process  invo lv ing  the s u b s t i t u t i o n  o f  Jt-butyl groups a t  C-3 f o r  the  

two phenyl r i n g s ,  t h a t  i s  l - p h e n y l - S ^ - d i - t ^ - b u t y l c h l o r o a l l e n e . ^

This s u b s t i t u t i o n  should s u b s t a n t i a l l y  decrease  the  s t a b i l i z a t i o n  o f

©
C = C = C - Ph C - C = C - Ph

3 2 1
Ph

3 2 1



charge a t  C-3, thereby  in c re a s in g  the amount o f  charge a t  C-l  and 

the  l ik e l ih o o d  o f  so lv e n t  a t t a c k  a t  t h a t  p o s i t i o n .  No da ta  a re  y e t  

a v a i l a b l e  from t h a t  work.

C. To Round Out the  Examination:

Although t h e r e  can be l i t t l e  doubt o f  the  mechanism involved 

in  the  s o lv o l y s i s  o f  t r i a r y l h a l o a l l e n e s  a f t e r  the above s t u d i e s ,  

a number o f  loose  ends should be t i e d .  F i r s t ,  a de te rm ina t ion  of  

the  a c t i v a t i o n  parameters f o r  a l l  the s u b s t i t u t e d  a l l e n e s  should be 

determined i f  only f o r  in fo rm at iona l  purposes.  Secondly, a product 

s tudy should be performed in e th a n o l-w a te r  so lu t io n s  to  e s t a b l i s h  

t h a t  the  same products  a re  ob ta ined  in  them as in  ace tone-w ate r  

s o l u t i o n s .  This i s  necessa ry  to  assure  t h a t  the  da ta  ob ta ined  in  

the  former system are  comparable to  t h a t  o f  the  l a t t e r  ( s a l t  e f f e c t s  

and n u c l e o p h i l i c i t y  comparisons) .  Moureau, Dufra isse  and Mackall2b 

rep o r ted  e a r l i e r  t h a t  the  product  (now known to be the r e s p e c t iv e  

c h lo ro a l l e n e )  from the  re a c t io n  o f  1 ,1 ,3 - t r ip h e n y lp r o p y n - l - o l  with 

PCI^ v/as hydrolyzed in  alcohol to  give what i s  now f e l t  to  be the  

o r ,p-unsatura ted  ketone,  1 , 3 , 3 - t r ip heny l-p rop en -1 -on e .  However, 

r e c e n t  i n v e s t i g a t i o n s  as p a r t  o f  t h i s  work d i sc lo sed  t h a t  1 ,3 ,3 -  

t r i p h e n y lc h l o r o a l l e n e ,  on s tand ing  a t  room temperature  f o r  th re e  

days in 90:10 e th a n o l :w a te r ,  gave a uv spectrum id e n t i c a l  to  the 

propargyl a lc o h o l ,  1 , 1 , 3 - t r i p h e n y lp r o p y n - l - o l .

F in a l ly ,  the  t ru e  i d e n t i f i c a t i o n  of  the  minor product  from 

the  product  s t u d i e s ,  taken to  be the or,0 -u n sa tu ra te d  ketone ,



1 , 3 , 3 - t r ip h e n y l  propen-1-one (o r  d iphenylac ry lopbenone) , should be

made. The uv c h a r a c t e r i s t i c  abso rp t ion  f o r  t h i s  compound can be
48found in  n o n - re la te d  work by Black and Lutz .
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