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ABSTRACT

The purpose of t h i s  in v e s t ig a t io n  was to  study  th e  e f f e c t  of 

s t r u c tu r a l  changes on th e  a c id i ty  of th e  alpha-hydrogens of c e r ta in  

a lk y la ro m a tic  hydrocarbons. When a lk y la ro m a tic  s a re  hea ted  in  th e  

presence of a  s u ita b le  c a ta ly s t  such as  potassium  m eta l, hydrogens on 

th e  carbon a lpha  to  th e  arom atic  r in g  may exchange. This r e a c t io n  was 

in v e s tig a te d  a s  a p o ss ib le  method f o r  determ ining  th e  r e la t iv e  a c id i ty  

of hyd rocarbons.

A. gen era l procedure fo r  th e  p re p a ra tio n  of a lp h a -d e u te ra te d  hydro­

carbons was developed which r e s u l te d  in  l i t t l e  or no deuterium  in  th e  

arom atic  r in g .  The method involved  cleavage of th e  a p p ro p ria te  a r y l -  

a lk y l  m ethyl e th e r  w ith  potassium  m etal fo llow ed by h y d ro ly s is  o f th e  

o rganom eta llic  w ith  deuterium  oxide. The fo llow ing  hydrocarbons were 

prepared in  th i s  manner: cumene-d , sec-*butylbenzene-d , 3-p h en y l-
•Q> CL

pentane-da , 2- phenylpentane-d^, 2-raethy l-3-phenylbutane~da and

2 ,2 -d im ethy l-3 -pheny lbu tane-da . These s tan d a rd s  were analyzed mass 

s p e c tro m e tr ic a lly  and th en  used f o r  p reparing  in f ra re d  c a l ib r a t io n  

curves from which unknown amounts of deuterium  could be determ ined.

S ep a ra tio n  o f sm all volumes of hydrocarbon m ixtures was accom plish­

ed by ad ap tin g  a gas chromatography ap p ara tu s  so th a t  recovery  of th e  

in d iv id u a l components was n ea r-q u an t i t  a t  iv  e .

The e f f e c ts  of se v e ra l c a ta ly s ts ,  tem perature  ran g es , r e a c t io n  

v e s s e ls  and compound types were s tu d ie d . The exchange r a te s  v a r ie d



d i r e c t ly  w ith  th e  amount of c a ta ly s t  and a re  a lso  dependent on th e  

m olar c o n c en tra tio n s  of th e  hydrocarbons. C onditions found most s u i t ­

a b le  f o r  k in e t ic  experim ents involved  h e a tin g  two hydrocarbons w ith  

ethylbenaene-d^ f o r  v a ry in g  tim es a t  1$0° in  sea led  tu b es  u s in g  p o ta s s iu m  

m etal a s  th e  c a t a ly s t .

F i r s t  o rder r a te  co n s ta n ts  were obtained  from p lo ts  o f log  (100/ 

1C0-^D) v s .  t ,  where %D was th e  mole percen t o f deuterium  in  th e  hydro­

carbon a t  tim e t .  The o rd er o f d ec reasin g  r e l a t iv e  exchange r a te s  was 

found to  be: cumene, 1 8 .9} sec-bu ty lbenzene, 8 .1 3 j 2 -phenylpentane,

6 .915 3 -phenylpen tane, 1,96} 2-m ethyl-3“ phenylbutane, 1 .90} 2 ,2 -d im ethy l- 

3 - phenylbutane, 1 .0 0 . This o rd e r p a r a l le l s  th a t  of p re d ic te d  a c id i ty  

of th e se  compounds.

R esu lts  ob ta ined  a re  c o n s is te n t w ith  a  mechanism in v o lv in g  i n i t i a l  

a t ta c k  by potassium  on th e  alpha-hydrogen of each competing hydrocarbon 

to  form th e  organopotassium  s a l t .  This i s  follow ed by deuterium  tra n s ­

f e r  between th e  carban ion  p o rtio n  of th e  s a l t  aild e th y lb en zen e-d ^ .

A ttack  by potassium  i s  b e liev ed  to  be r a te  determ in ing  in  th e  case of 

most of th e  hydrocarbons s tu d ie d . Both paths a re  b e liev ed  to  be 

d i r e c t ly  r e la te d  to  th e  a c i d i t y .

Diphenylmethane did  n o t exchange protium  fo r  deuterium  w ith  e th y l-  

benzene~da under a  v a r ie ty  o f co n d itio n s . An ex p lan a tio n  fo r  t h i s  i s  

o f fe re d ; An attem pted  com petition  re a c tio n  between cumene and phenyl- 

cyclopropane under th e  exchange co n d itio n s  r e s u lte d  in  deuterium  

t r a n s f e r  to  cumene b u t p o ly m eriza tio n  of phenylcyc'lopropane.
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1

introduction

This th e s is  i s  concerned w ith  a  study  of th e  a c id i ty  of a lp h a - 

hydrogens in  se v e ra l a lk y la ro m a tic  hydrocarbons. Before d iscu ss in g  

th e  p re se n t work, however, i t  may prove u s e fu l  to  examine se v e ra l 

p rev io u s, r e la te d  s tu d ie s  which have been re p o rte d , in c lu d in g  a  l i s t  of 

hydrocarbons whose a c id i ty  has been in v e s t ig a te d .

I t  has been g e n e ra lly  accepted  th a t  o rg a n o a lk a li compounds e x h ib it  

s a l t - l i k e  c h a ra c te r  (1 ) .  Using Bronsted*s d e f in i t io n  of an a c id ,  th e  

hydrocarbon p o r tio n  of such compounds i s  derived  from an a c id  whose 

a c id i ty  must be o f an ex trem ely  low o rd e r. The genera l method which 

has been u t i l i z e d  fo r  m easuring th e  a c id  s tre n g th  of compounds of t h i s  

type  i s  th e  replacem ent of a weak ac id  by a s tro n g e r  one. The work of 

Conant and Wheland (2) was th e  f i r s t  attem pt to  a s s ig n  ,pKa v a lu e s  to  a 

number of ex trem ely  weak organic a c id s .  This th ey  d id  by s tu d y in g  

m eta th e ti.ca l re a c tio n s  between s a l t s  and a c id s , assuming th e  degree 

of d is s o c ia t io n  of a l l  s a l t s  to  be approxim ately  th e  same. I t  was only 

n ecessa ry  to  determ ine w hether th e  re a c tio n

RH * R!K  BK f R.'H ;'l)1 . 1

proceeded from r ig h t  to  l e f t  o r v ic e  v e rsa  w ith  each p a ir  of a c id  and 

s a l t  (R and R! a re  organic r e s id u e s ) .  O bservation  of th e  c o lo r  o f th e  

s o lu t io n , which i s  v ery  c h a r a c te r is t ic  fo r  a number of m e ta ll ic  com­

pounds, and carb o n a tio n  of th e  re a c tio n  m ixture follow ed by i s o la t io n  

of th e  r e s u l t in g  carb o x y lic  a c id s  were th e  two methods used fo r



2

d eterm in ing  on which s id e  of th e  equation  eq u ilib riu m  la y .  This s tudy  

was l a t e r  extended by McEwen (3) who used a sp ec tro sco p ic  method (u sin g  

e tio p o rp h y rin  I  as an in d ic a to r  and sodium trip h en y lm eth y l as th e  base 

used to  t i t r a t e  th e  ac id ) and a p o la r im e tr ic  method ( in  which an 

o p t ic a l ly  a c tiv e  a c id  was u sed , eq u ilib riu m  being  determ ined w ith  th e  

a id  o f a  p o la r im e te r ) . Both of th e se  s tu d ie s  assigned  approxim ate 

v a lu es  o f s tre n g th  on th e  b a s is  of th e  equation

pKx -  pK2 = lo g  [(R j” )/(R-xH)] -  lo g  [(R2" ) / ( R 2H)]

where pKx and pK2 a re  the  re sp e c tiv e  a c id  s tre n g th s ,  (R1 ) and (R2 ) 

a re  th e  c o n cen tra tio n s  of th e  re sp e c tiv e  anions and ; RXH) and (R2H) 

a re  th e  co n ce n tra tio n s  of th e  corresponding  a c id s .  Conant and Wheland 

e s tim ated  th a t  m e ta th esis  would proceed to  90% com pletion i f  th e  a c id s  

d i f f e r e d  by two pK u n i t s .  However, in  th e  case of th e  c o lo r im e tr ic  

measurements, a  f iv e '“fo ld  excess of one reag en t was used , r e s u l t in g  in  

a  d if fe re n c e  of O.lt pK u n i ts  corresponding to  90% com pletion. As a 

re fe re n c e  s tan d a rd , Conant and Wheland chose th e  pK value  of 20 fo r  

acetophenone w hile  McEwen used th e  known v a lu e  of 16 fo r  m ethanol.

Table I  l i s t s  some of th e  r e s u l t s  o f th e se  in v e s t ig a to r s .

Kleene and Wheland (I4.) extended t h i s  s e r ie s  to  phenylcyclohexane 

and pheny lcyclopen tane, The o rd er of d ec reasin g  ac id  s tre n g th  was found 

to  be diphenylm ethane v phenylcyclopentane > cumene v phenylcyclohexane.

Bryce--Smith (5) has s tu d ied  th e  a c id i ty  o f s e v e ra l hydrocarbons 

by in v e s t ig a t in g  the m e ta la tlo n  of a lkv lbenzenes by alky l-sod ium  and 

-po tassium  compounds. He found th a t  th e  tendency fo r  re a c tio n  a t  th e
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TABLE I

ACIDITY OF .VARIOUS COMPOUNDS STUDIED BY CONANT AND 
WHELAND (2) AND BY McEWEN (3)

Acid pK Acid pK

Methanol 16 Fluorene 25>

Isopropy l a lco h o l 
E thy l a lco h o l 18

A n ilin e 27

Benzyl a lco h o l Di phenylb en zylmethane 31

te r t - B u ty l  a lco h o l 
Acetophenone 19

Triphenylm ethane 33

T r ip h e n y lc a rb in o l Diphenylmethane 3o

9- P henylfluorene 
Indene 21

1 , 1- Diphenylpro pene 36

Phenylacety lene Cumene 37

M phenylam ine 23 Ethane

a lp h a -p o s it io n  of th e  s id e  chain  decreased in  th e  o rd e r, to lu e n e  > 

ethylbenzerie cumene. He a lso  determ ined isom er r a t io s  fo r  th e  

m e ta la tio n  o f cumene by e th y l potassium , n- propyl potassium , n-am yl- 

potassium  and n-airylsodium , d isco v e rin g  th a t  th e  m eta-isom er always 

predom inated. From th e  d a ta  ob tained  in  th e  com petitive  m e ta la tio n  of 

benzene and cumene by e thy lpo tassium , p a r t i a l  r a te  f a c to rs  were ca lcu ­

l a te d  from which i t  was c o n c lu d e d .th a t, q u a l i ta t iv e ly ,  each hydrogen 

atom in  cumene was l e s s  a c id ic  th an  a  hydrogen atom in  benzene, th e  

o rd er of d ec reasin g  a c id i ty  being  para  -  meta - a lp h a  - o rtho  - - b e ta .



h

C onsiderab le  work has been appearing  in  th e  S o v ie t l i t e r a t u r e  

s in c e  19^0 d e a lin g  w ith  deuterium  exchange as  a method fo r  comparing 

th e  s tre n g th  of v ery  weak a c id s .  The bulk  of th i s  work has been done 

by S h a ten sh te in  ( 6 , 7 ) ,  who determ ined th e  amount o f exchange f o r  a  

number of hydrocarbons in  D20 , ND3 and NJJ3 co n ta in in g  potassium  amide 

a t  v a rio u s  tem p era tu res . Included in  th e  l i s t  o f compounds s tu d ie d  

were benzene, to lu e n e , indene. .fluorene, tripheny lm ethane, d ipheny l- 

m ethane, acenaphthene and n ap h th a len e . S h a ten sh te in  po in ted  out th e  

p a ra l le l is m  between th e  f i r s t  o rder r a t e  co n s ta n ts  which he ob ta ined  

and th e  io n iz a t io n  co n s tan ts  o f Conant and Wheland ( 2 ) .  A somewhat 

s im ila r  procedure was follow ed by Roberts ( 8 ) who determ ined th e  exchange 

r a te s  of v a rio u s  o - , m- and p -d eu te ra te d  benzene d e r iv a t iv e s  w ith  

potassium  amide in  l iq u id  ammonia. The r e s u l t s  were in te rp re te d  on the  

b a s is  of the  r e l a t iv e  a c id i ty  of th e  v a rio u s  arom atic hydrogens.

W hile th e  method of deuterium -protium  exchange in  hydrocarbons in  

b asic  media has been l i t t l e  used u n t i l  re c e n t y e a rs , exchange in  acid 

media has been e x te n s iv e ly  s tu d ie d . A l a r g e  volume of work concerned 

w ith  deuterium  exchange of a l ip h a t ic  and arom atic  hydrocarbons in  

d e u te ro su lfu r ic  ac id  has appeared in  th e  l i t e r a t u r e ,  much being  done by 

Ingold and W ilson (9 ) ,  Stevenson (1 0 ), Burwell (11) and Gold (1 2 ,1 3 ). 

S h a ten sh te in  ( l l t , l ^ )  has a lso  s tu d ie d  th e  deuterium  exchange of a number 

of arom atic  hydrocarbons in  l iq u id  hydrobromic ac id  co n ta in in g  deuterium  

bromide and determ ined f i r s t  o rd er r a te  co n s ta n ts  fo r  th e  v a rio u s  

hydrogen atoms on th e  arom atic r in g .  Some compounds inc luded  in  t h i s  

work were benzene, to lu e n e , e thy lbenzene, cumene, te r t-b u ty lb e n z e n e ,
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n-bu ty lbenzene , n -propylbenzene, 3“ phenylpentane, diphenylm ethane, 

tripheny lm ethane , naphthalene and f lu o re n e . I t  was found in  th e  case  

of th e  alky lbenzenes t h a t  a l l  r in g -  and alpha-hydrogens were exchanged 

fo r  deuterium , a l th o u g i hydrogens f u r th e r  removed from th e  arom atic  

r in g  were n o t .

R ecen tly , Rapoport and Smolinsky (16) re p o rte d  th e  sy n th e s is  of 

f lu o rad en e

which co n ta in s  an u n u su a lly  a c id ic  hydrogen. This compound could be 

removed from benzene by washing w ith  d i lu te  aqueous a l k a l i  and exchanged 

hydrogen f o r  deuterium  in  b o il in g  deuterium  e th o x id e . I t  has a pKa 

v a lu e  o f 11 ± 0 .5 *

A nother example o f th e  a c id ic  p ro p e r t ie s  of a lpha-hydrogens in  

a lk y la ro m a tic  compounds i s  th e  work of de P o s tis  (Ul) who re p o rte d  th a t  

cesium m etal l i b e r a te s  hydrogen from to lu e n e .

I t  i s  ap p aren t from th e  fo reg o in g  d isc u ss io n  th a t ,  a lthough  th e  

r e l a t iv e  a c id i ty  o f a wide v a r ie ty  o£ hydrocarbons has been determ ined , 

th e  bulk  of th e  work i s  q u a l i t a t iv e .  A lso , p rev ious in v e s t ig a to r s  have 

l im ite d  them selves m ainly to  compounds w ith  r e l a t iv e ly  la rg e  d if fe re n c e s  

in  a c id i ty ,  due, in. p a r t ,  to  th e  lack  o f a s e n s i t iv e  method f o r  determ in­

ing  sm all v a r ia t io n s .

The p re se n t s tu d y  was prompted by th e  d iscovery  th a t  a lpha-hydrogens 

of a lk y la ro m a tic s  exchange a t  m easurable r a te s  in  th e  presence of 

r e a c t iv e  a l k a l i  m e ta ls , m etal hydrides and o th e r  bases (17) .
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For example, e thy lbenzene-da , when re flu x e d  over potassium  m etal, d i s -  

p ro p o rtio n a ted  to  e th y lb e n z e n e -d ^ a  and o rd in a ry  e thy lbenzene.

CHDCH3 — ^  < >-CD2CH3 + (v  >CH 2CH3 (2)O'
Presumably an o rganom eta llic  compound i s  produced in  sm all q u a n tity

0 ° - — —- - — •—> V CH3

> C H 0  &

(o r  deu teron) from th e  a lpha  carbon atom of an o th e r hydrocarbon m olecule. 

In  t h i s  way exchange o ccu rs.

I f  th e  an io n ic  sp ec ie s  could s e le c t  between two sources o f a lpha  

p ro to n s , presum ably i t  would o b ta in  th e  p ro ton  from th e  more a c id ic  

source . The r e la t iv e  r a te s  o f deuterium  exchange of two hydrocarbons 

m ight fu rn is h ,  th en , a method fo r  m easuring t h e i r  a c i d i t i e s .

The purpose of t h i s  in v e s t ig a t io n  was to  determ ine by t h i s  method 

th e  e f f e c t  of s t r u c tu r a l  changes on th e  a c id i ty  o f th e  alpha-hydrogen 

of c e r ta in  a lk y la ro m a tic s . B r ie f ly ,  t h i s  involved  th e  syn theses o f 

v a rio u s  a lk y la ro m a tic s , a llo w in g  two n o n -d eu te ra ted  hydrocarbons to  

compete f o r  th e  deuterium  o f a d eu te ra te d  sp ec ie s  in  th e  presence of an 

a p p ro p ria te  c a t a l y s t , ■se p a ra tio n  of th e  components and an a ly ses  f o r  

deuterium  co n ten t from which exchange r a te s  were c a lc u la te d . The 

experim ental s e c tio n  which fo llo w s co n ta in s  d e ta i l s  o f th e  sy n th eses  

and exchange procedure, in c lu d in g  th e  a n a ly t ic a l  and se p a ra tio n  te ch ­

n iq u e s . Examples of th e  r a te s  ob ta ined  and a  d isc u ss io n  concerned w ith  

an in te r p r e ta t io n  of th e se  d a ta  a re  g iven jn  th e  s e c tio n  on r e s u l t s  and 

d is c u s s io n . In  th e  appendix c a l ib r a t io n  curves and exchange r e s u l t s  

and r a te s  a re  g iven .
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EXPERIMENTAL 

A. Syntheses

The d eu te ra te d  hydrocarbons were syn thesized  by th re e  genera l 

methods: (A) re d u c tio n  of s u i ta b le  compounds with, l i th iu m  aluminum

d e u te r id e  and l i th iu m  d e u te r id e , (B) r e a c t io n  of th e  ap p ro p ria te  

G rignard reag en t w ith  deuterium  oxide and (C) cleavage of a -p h en y la lk y l 

methyl e th e rs  w ith  m e ta ll ic  potassium  fo llow ed by h y d ro ly s is  w ith  

deuterium  o x id e .

In in s ta n c e s  where th e  n o n -d eu te ra ted  hydrocarbons were n o t a v a i l ­

a b le  com m ercially, th ey  were sy n th es ized , u s u a lly  by methods d i f f e r e n t  

from th o se  req u ire d  to  make th e  corresponding  a -d e u te ra te d  compound.

The p re p a ra tio n  of each o rd in a ry  hydrocarbon i s  im m ediately follow ed 

by th e  s y n th e s is  o f i t s  d eu te ra ted  c o u n te rp a rt.

Ethylbenz ene-d^ (Procedure A)

E thylbenzene-da was prepared accord ing  to  th e  method of E l i e l  (1 8 ). 

A 2f>0-m l. round-bottom ed f la s k  was equipped w ith  a  r e f lu x  condenser 

p ro te c te d  w ith  a d ry ing  tu b e , a 125>-ml. a d d itio n  fu n n e l, a d ry  argon 

i n l e t  and a  Tru-bore s t i r r e r  w ith  a  T eflon  b lad e . In to  th i s  v e s s e l  was 

p ip e t te d  m l. of te tra h y d ro fu ra n  ( d i s t i l l e d  from potassium  hydroxide
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and th en  f r e s h ly  d i s t i l l e d  from lith iu m  aluminum hydride) follow ed by 

1 .1  g. (0 .026  mole) o f l i th iu m  aluminum d e u te r id e  (M etal H ydrides Inc.., 

9&\% p u r ity )  and 3»2 g. (O.38 mole) of l i th iu m  d eu te rid e  (Metal Hydrides 

In c .,  98$ p u r i ty ) .  Then, w ith o u t w a itin g  f o r  th e  s lu r ry  to  d is so lv e , 

3U.5 g* (0 . 21+5 mole) o f a lp h a-p h en e th y l c h lo r id e  (19) was added w ith  

s t i r r i n g .  No marked exotherm ic re a c t io n  was n o ted . The re a c ta n ts  were 

s t i r r e d  a t  g en tle  r e f lu x  f o r  tw en ty -fo u r h o u rs , a f t e r  which th e  re a c tio n  

m ixture was allow ed to  coo l to  room tem p era tu re . The excess hydrides 

were removed by th e  dropwise a d d it io n  of a s o lu tio n  of 20 ml. o f w ater 

in  30 ml, of te tra h y d ro fu ra n . The m ixture was poured onto 100 g. of 

ic e  and 20 ml. o f s u l f u r ic  a c id . The bottom aqueous la y e r  was sep ara ted  

and e x tra c te d  w ith  100 ml. of pentane which was combined w ith  the

o r ig in a l  organ ic  la y e r .  These were washed su ccess iv e ly  tw ice w ith  100 

ml., of w a te r , fo u r  tim es w ith  100 ml. o f 85$ ortho  phosphoric a c id , 

tw ice w ith  100 ml. o f w a te r, once each w ith  100 ml. of 10$ potassium  

carbonate  s o lu t io n  and 100 ml, o f w a te r . The organic la y e r  was d rie d  

ov ern igh t over 10 g. o f anhydrous calcium  c h lo r id e , th en  f r a c t io n a l ly  

d i s t i l l e d  through a  sm all g la ss  h e lice s-p ack ed  column. There was 

ob tained  2 1 . k g* (82$) o f e thy lbenzene-d^ , b . p .  132.5° \ (31 mm.), 

n^° = 1 .1+950. kkss sp ec tro m e tric  a n a ly s is  in d ic a te d  d L = 98*5 - 0 .1$, 

d0 = 1 .5  ± 0 .1$ and no deuterium  atoms in  the  b e ta  p o s it io n s .

E thylbenz ene- S t  ̂  fvProcedure A)

(a ) P re p a ra tio n  o f a -p h en e th y l c h lo r id e -d a
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The re a c t io n  v e s s e l  d esc rib ed  in  th e  p re p a ra tio n  of e thy lbenzene-da  

was u sed . To an ic e -co o led  m ix ture  o f 0 .8  g. (0.02 mole) of lith iu m  

aluminum d e u te r id e  in  25 m l. of d ry  te tra h y d ro fu ra n  was added dropwise 

w ith  s t i r r i n g  8 .0  g. (0 .06? mole) o f acetophenone. The m ixture was 

th en  h ea ted  a t  r e f lu x  fo r  tw enty m inutes, a f t e r  which th e  m ixture was 

cooled and 20 ml. o f w ater slow ly added dropw ise. Layers were sep a ra ted , 

th e  aqueous la y e r  e x tra c te d  tw ice w ith  50 ml. of e th e r  and th e  combined 

organic la y e r s  washed su c c e ss iv e ly  w ith  30 ml. each of w a te r, 10$ 

sodium carbonate  s o lu tio n  and w a te r . A fte r  d ry in g  o v ern ig h t over 6 g. 

o f anhydrous magnesium s u l f a te ,  th e  e th e r  was removed by d i s t i l l a t i o n  

and th e  a -p h en e th y l a lco h o l-d a  which rem ained, w ithou t f u r th e r  p u r i f i ­

c a t io n , was added dropw ise to  16 g. (O.lU mole) of th io n y l c h lo r id e .

The m ix ture  was allow ed to  stand  f o r  fo u r  h o u rs , then f r a c t io n a l ly  

d i s t i l l e d  u s in g  a  sm all g la ss  h e lices-p ack ed  column. The a-phenethyl. 

c h lo r id e -d a  thus ob ta ined  weighed 6 .9  g- ( 73$ ) , b . p .  93~6°/Uo mm., 

ng5*3 = 1.5212.

(b) Reduction of a -p h en e th y l ch lo rid e -d ^

The procedure d esc rib ed  in  th e  p re p a ra tio n  of ethy lbenzene-da 

was fo llow ed . From 6.9 g- mole) of a -p h en e th y l c h lo r id e -d a ,

0 .8  g. (0.09 mole) o f l i th iu m  d e u te r id e  and 0 .2  g, (0.005 mcle) of 

l i th iu m  aluminum d e u te r id e , th e re  was ob ta ined  3*1 g» (59$) of e th y l-  

benzene, b . p .  133“^°(7  h6 mm.), ng5 -  l.ij95U* Mass sp ec tro m etric  

a n a ly s is  showed d 2 *= 9 6 .6  t  0 ,1$, d x = 3 .U ± 0 .1$; d0 < 0 .1$; no b e ta -  

deuterium  atom s.
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D i  ph enylmethan e-dq (Procedure A)

Using th e  procedure d esc rib ed  in  th e  p re p a ra tio n  of ethy lbenzene-da, 

20.3 g « (0 .10 mole) o f benzhydryl c h lo rid e  (prepared  in  86% y ie ld  from 

benzhydrol and th io n y l c h lo r id e ) ,  1 .3  g, (0 .16  mole) o f lith iu m  d e u te r id e  

and 0.U g. (0 .01  mole) o f  li th iu m  aluminum d e u te r id e  a f t e r  re a c tio n

from ch lo ro fo rm ), and 8.3 g. \%0%) o f diphenylm ethane, b .p .  100°/3  mm., 

n^° = 1 . 5 / 6 / .  The in f ra re d  spectrum  of th e  sym -tetraphenylethane 

in d ic a te d  th e  absence o f any deuterium  atom s. Mass sp ec tro m etric  

a n a ly s is  showed th e  diphenylm ethane-dc to  co n ta in  d x = 9 5 . 8/S, dQ = h * 2/S.

Diphenylmethane-dq a  (Procedure A)

The f i r s t  a ttem p t to  p repare  d ipheny lm ethane-d^a  was by the 

re d u c tio n  of benzophenone d ic h lo r id e  w ith  lith iu m  aluminum d e u te r id e  

and l i th iu m  d e u te r id e . Benzophenone d ic h lo r id e  was obtained  in  Q0% 

y ie ld  from th e  re a c tio n  o f benzophenone and phosphorous pentachlori.de 

( 20) .  The g en era l procedure c i te d  in  th e  p re p a ra tio n  of ethylbenzene-da 

was fo llo w ed . A sm all amount o f l iq u id  b o il in g  from 95>-125°/3 nun. was 

c o lle c te d  which was n o t f u r th e r  id e n t i f ie d  a lthough  th e  in f ra re d  spectrum

y ie ld e d  [| .0 g . (2k%) o f sym -te trapheny le thane , m.p. 208° ( r e c r y s ta l l iz e d
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was reco rd ed . C onsiderab le  s o l id  m a te r ia l remained which, upon se v e ra l 

r e c r y s ta l l i z a t io n s  from benzene, produced a  20$ y ie ld  of w hite  s o lid ,

D iphenylm ethane-d^a was su c c e ss fu lly  prepared  u s in g  a  procedure 

s im ila r  to  t h a t  of e thylbenzene-da a  by red u c tio n  of benzophenone w ith  

l i th iu m  aluminum d e u te r id e  to  form benzhydrol-d<x follow ed by conversion  

w ith  th io n y l c h lo r id e  to  benzhydryl c h lo r id e  in  81$ y ie ld  from benzo­

phenone. The benzhydryl c h l o r id e - ^  was reduced w ith  lith iu m  d eu te rid e  

and l i th iu m  aluminum d e u te r id e  to  diphenylm ethane b . p .  l i b 0/ 10 mm., 

n|;0 *= 1 .5771 , in  59$ y ie ld ,  mass sp ec tro m etric  a n a ly s is :  d 2 = 91*7$,

d-j. = 6 .7$ , d0 *= 1 .6 $ . A lso , a f t e r  r e c r y s ta l l i z a t io n  from chloroform , 

a  9$ y ie ld  o f sy m -te tra  phenyl e thane , m.p.  206.5°-*207.0 ° , was ob tained  

whose in f r a r e d  spectrum  in d ic a te d  th e  presence of a C-D a b so rp tio n  peak.

Cumene-dq (P rocedure A)

m.p. 219- 20° and b e lie v e d - to  be te tra p h e n y le th y le n e  ( l i t .  m.p. 220- 1°

( 21) ) .

(a)  P re p a ra tio n  of d im ethy lpheny lcarb ino l

To th e  G rignard reag en t prepared  from 9 .0  g. (0..37 mole) of 

magnesium tu rn in g s  and 56.2  g. ,0.325 mole) of m ethyl io d id e  in  anhydrous
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e th e r  was added dropwise lj.2 .0  g. (0.350 mole) of acetophenone in  J4O ml. 

o f a b so lu te  e th e r .  A f te r  decom position w ith  a s o lu tio n  of JO g. c f  

ammonium c h lo r id e  in  2.00 ml. o f w ater and work-up w ith  k% sodium 

b i s u l f i t e  s o lu t io n ,  th e re  was ob tained  35*3 g. (80$) o f th e  w h ite , low- 

m eltin g  s o l id  c a rb in o l,  b . p .  53“?5° / l .5 mm.

(b) P re p a ra tio n  o f d im ethy lpheny lcarb iny l ch lo rid e

O CH3

L ; C1

D im ethylphenylcarb inyl c h lo r id e  (22.) was prepared by th e  a d d itio n  

of hydrogen c h lo rid e  a t  0° to  d im ethy lphenylcarb ino l in  6f% y ie ld  and 

a ls o  to  a lp h a-m eth y ls ty ren e  ( 23) in  63% y ie ld ,  b . p .  53- 6° A ‘2 mm., 

ngo = 1.5212.

(c ) A ttem pted re d u c tio n  of d im ethy lpheny lcarb iny l ch lo rid e

S ev e ra l ro u te s  fo r  p rep arin g  cumene-d^ were in v e s t ig a te d . In model 

experim ents o rd in a ry  cumene was prepared in  30% y ie ld  from th e  re a c tio n  

of p h en y llith iu m  w ith  iso p ro p y l brom ide, 61% y ie ld  from benzene, iso ­

propyl bromide and aluminum ch lo rid e  {2k) and k3% y ie ld  from th e  

re d a c tio n  of d im ethy lpheny lcarb iny l c h lo rid e  w ith  li th iu m  hydride  and 

l i th iu m  aluminum h y d rid e .

Cumene-dQ was prepared by two methods, th e  f i r s t  being th e  re ­

d u c tio n  o f d im ethy lpheny lcarb iny l c h lo rid e  wi.th l i th iu m  d eu te rid e  and 

li th iu m  aluminum d e u te r id e  fo llo w in g  th e  procedure o u tlin e d  in  th e  

p re p a ra tio n  of e thy lbenzene-da . This r e s u l te d  in  a m ixture of



cumene-dQ and a -m e th y ls ty re n e , w hich, a f t e r  in v e s t ig a t in g  s e p a ra tio n  

methods in c lu d in g  chromatography w ith  s i l i c a  g e l and. o x id a tio n  by cold 

potassium  perm anganate, was sep a ra ted  by b rom ination  of th e  a-m ethyl- 

s ty ren e  in  th e  dark u s in g  carbon te t r a c h lo r id e  as  solvent.. S ince only 

a  12% y ie ld  of cumene-da* b .p .  58°/27 mm., n£° -  I . I 4918,  was re a liz e d  

a f t e r  t h i s  p u r i f ic a t io n  procedure, th e  fo llo w in g , more g en era l method 

was employed which i s  s im ila r  to  th a t  o f Brown's ( 2p ) .

Cumene-dc (P rocedure C)

(a) P re p a ra tio n  of 2-m ethoxy-2 -phenylpro pane

CH.
i 3
c -  o c h 3
t 3
ch3

The g en era l procedure of Z ieg le r  (26) was follow ed w herein a-m ethyl- 

s ty ren e  and m ethyl a lc o h o l in  a  1 :2  molar r a t io  were allow ed to  stand  

with- s e v e ra l  drops of 10% p e rc h lo ric  ac id  a t  £0° f o r  i|8 h o u rs . A d i lu te  

s o lu tio n  o f sodium hydroxide was then  added and the organic la y e r  

s e p a ra te d , washed w ith  w ate r, d r ie d  over anhydrous sodium s u lf a te  and 

d i s t i l l e d .  A 62% y ie ld  o f 2-methoxy~2-phenylpropane, b .p . 78°/i3  mm., 

was o b ta in ed .

(b) P re p a ra tio n  of a -p h en y liso p ro p y l potassium



The method of Z ie g le r  (26) was fo llow ed . A 5>00-ml. th ree-necked  

round-bottom ed f la s k  equipped w ith  a re f lu x  condenser p ro tec ted  w ith  a 

d ry in g  tu b e , a  therm om eter, a d d it io n  fu n n e l, d ry  argon i n l e t  and a 

h igh -speed  s t i r r e r  was swept o v ern ig h t w ith  dry  argon and a lso  heated  

w ith  a f r e e  flam e to  a ssu re  riddance of w a te r. Using a p ip e t te ,  200 ml. 

of heptane (f re e d  from o le f in s  and w a te r by tre a tm en t w ith  potassium  

perm anganate, co n cen tra ted  s u lf u r ic  a c id , d ry in g , d i s t i l l a t i o n  and 

s to ra g e  over sodium m etal) and II4.8 g. (0 .38 mole) of potassium  m etal 

( f r e s h ly  cu t under heptane) were added to  th e  r e a c t io n  f la s k .  The mix­

tu r e  was heated  w ith  an e l e c t r i c  m antle to  65°. When most o f th e  

potassium  m etal had m elted , th e  s t i r r e r  was tu rn ed  on and 30.0 g. (0.20 

mole) o f 2-m ethoxy-2- phenyl pro pane was added dropwise over a n in e ty -  

m inute p e rio d . The c o lo r  o f th e  m ixture changed from th e  i n i t i a l  grey- 

m e ta l l ic  th rough  cinnamon to  a deep maroon. The tem perature  o f th e  

r e a c t io n  m ixture was m ain tained  between 614- 72° throughout t h i s  p erio d . 

The m ixture was s t i r r e d  a t  70° f o r  s ix  hours, then  allowed to  cool to  

room tem p era tu re . When th e  s t i r r i n g  was stopped, th e  f in e ly -d iv id e d  

w ine-co lo red  o rganom eta llic  began to  s e t t l e  o u t. The a -pheny lisop ropy l 

potassium  was n o t f u r th e r  is o la te d  bu t used in  s i t u  fo r  th e  p re p a ra tio n  

o f cumene-do,.

(c )  H ydro lysis of a -p h en y liso p ro p y l potassium

To the  f la s k  co n ta in in g  a -p h en y liso p ro p y l potassium  was added drop- 

w ise over t h i r t y  m inutes a s o lu t io n  of 8 .2  g. (0.U5> mcle) of deuterium  

oxide (■> 9 9 .5 #  Ds0 , ob ta ined  from th e  S tu a r t  Oxygen C o., San F rancisco)
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in  75 m l. o f te tra h y d ro fu ra n  ( f r e s h ly  d i s t i l l e d  from lith iu m  aluminum 

h y dride) w ith  s t i r r i n g .  The w hite  m ixture was allow ed to  stand  over­

n ig h t under a  b la n k e t of d ry  a rgon . The fo llo w in g  morning th e  m ixture 

was h ea ted  a t  g e n tle  re f lu x  and s t i r r e d  f o r  t h i r t y  m inutes. Then 20 

ml. o f w ater was added and th e  w h ite , s o lid  potassium  deu terox ide 

d is s o lv e d . The bottom  aqueous la y e r  was ex tra c te d  w ith  50 ml. of 

pentane and th e  combined organ ic  la y e rs  d r ie d  overn igh t over 1$ g. of 

anhydrous calcium  c h lo r id e . The c o lo r le s s  s o lu tio n  was th en  d i s t i l l e d ,  

th e  f r a c t io n  b o il in g  a t  150.5° (738 mm.) being  c o lle c te d . A y ie ld  of 

13.1  g. (57/0 o f cumene, n^° = 1.U903, was o b ta ined . Mass sp ec tro m etric  

a n a ly s is  showed i t  to  co n ta in  d x = 8 2 .6$, d0 = 1 7 - i$ , no b e ta -d eu te riu m .

Cumene-d£ (P rocedure B)

The procedure of Brace and Todd (27) was fo llow ed . To an ic e -  

cooled m ixture of 1±5.0 g . (0.3.3.7 mole) of bromobenzene and 2 .2  g.

(0 .016  mole) o f powdered anhydrous aluminum c h lo r id e  was slow ly ( t h i r t y  

m inutes) added w ith  s t i r r i n g  15 g. (0 .19  mole) of iso p ro p y l c h lo r id e . 

The orange r e a c t io n  m ix ture  was hea ted  on a  steam  b a th  f o r  tw enty

(a ) P re p a ra tio n  of p-bromocumene
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minutes. The deep-red mixture was poured onto J4O g. of ice and the 

lower milky layer separated and washed with concentrated sulfuric acid 

eight times (until the acid layer became only slightly colored). The 

organic layer was then washed successively with water., dilute sodium 

bicarbonate solution and water. After drying overnight over 5 g. of 

anhydrous calcium chloride, the mixture was distilled and 29.7 g. {19%)  

of p-bromocumene was collected, boiling at 95”30/9 mm,, nj~c = 1.5V/0 

(literature values: b.p. 89°/lO mm., ng° = 1.5362 (28); b.p. 97-8°/5  mm.,

ng° = 1.5569 (56)).

(b) P re p a ra tio n  and h y d ro ly s is  of th e  Grignard reag en t from p-bromo- 
cumene.

This procedure was p a tte rn e d  a f t e r  th e  method described  by H art (1 7 ). 

In  a  d ry  250-ml. th ree-necked  f la s k  equipped w ith  a dry  n itro g e n  i n l e t ,  

a d d it io n  fu n n e l, s t i r r e r  and re f lu x  condenser f i t t e d  w ith  a d ry in g  tube 

was placed  2.1). g, (.0.10 mole) of magnesium tu rn in g s  and 20 ml. of d ry  

e th e r .  Then a  s o lu tio n  of 30 ml. of e th e r  and 20 g. (0 .10  mcle) of 

p-bromocumene was added dropw ise so a s  to  keep th e  re a c tio n  m ixture a t  

g e n tle  r e f lu x .  A f te r  t h i s  a d d it io n  th e  m ixture was re flu x ed  fo r  one 

hour and th en  cooled w ith  an ic e  b a th . A s o lu tio n  of 6 .0  g. (0 .33 mole) 

o f deuterium  oxide (9-3+$ D20 , S tu a r t  Oxygen Co., San F rancisco ) in  50 

m l. o f te tra h y d ro fu ra n  ( f r e s h ly  d i s t i l l e d  from lith iu m  aluminum hydride) 

was added dropw ise over a th ir ty -m in u te  p e rio d . The re a c tio n  m ixture 

was re flu x e d  two h o u rs, allow ed to  s tan d  overn igh t and re flu x ed  aga in  

one hour. A f te r  co o lin g , th e  bottom aqueous la y e r  was sep ara ted  and. 

e x tra c te d  w ith  two 50-ml. p o rtio n s  o f e th e r .  The combined organ ic
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la y e rs .w e re  d rie d  o v ern ig h t (anhydrous calcium  c h lo r id e )  and d i s t i l l e d  

th rough  a  s h o r t V igreaux column. The f r a c t io n  which b o ile d  from I n ­

f r a c t io n  b o il in g  a t  llj.8- 1510 weighed 11.7 g. {91%), n^° = I .J4892, and 

th e  mass sp ec tro m e tric  a n a ly s is  showed: d t  = 8 2 .1%, d0 = 17*3$, no

be ba-deuterium .

O xidation  of p- and a-deuterocum enes

In  o rd er to  e s ta b l is h  un eq u iv o cally  th e  s id e  chain  and r in g  

d e u te ra tio n  of th e se  cumenes, th ey  were oxid ized  to  benzoic a c id . The 

procedure g iven  in  Organic Syntheses (29) was follow ed u sin g  10 ml. of 

co n cen tra ted  n i t r i c  a c id , 30 ml. of w ater and 2 .0  g. (0 .016 mole) of 

cumene (p - o r a -d e u te ro ) .  The benzoic ac id  was produced in  approxi­

m ately  £0% y ie ld ,  w hite  n eed les  r e c ry s ta l l iz e d  from w ater, m.p. 122°. 

O xidations o f cumene u s in g  a lk a l in e  potassium  permanganate o r s u lfu r ic  

acid-sodium  dichrom ate r e s u l te d  in  v e ry  low y ie ld s  of benzoic a c id j 

th e  l a t t e r  method was b e liev ed  p a r t ic u la r ly  poor due to  th e  known a b i l i t y  

o f s u lf u r ic  a c id  to  cause deuterium  exchange (9 ) .

sac-B utylbenzene-dq (P rocedure C)

l35>° was r e d i s t i l l e d  th rough  a  sm all g la ss  h e lices-p ack ed  column: th e

(a ) P rep a ra tio n  of 2 -pheny l-2 -b iitano l
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This was prepared  u s in g  a procedure s im ila r  to  th a t  d escrib ed  in  

th e  p re p a ra tio n  of 2 -p h en y l-2 -p en tan o l. To th e  Grignard reag en t p re­

pared from 25*0 g . (,1.03 moles) of magnesium tu rn in g s  and l^O g. (0 .96  

mole) o f e th y l io d id e  was added 60 g. (0 .50  mole) o f acetophenone.

The 2-phenyl~2-bubanol th u s  produced was f r a c t io n a l ly  d i s t i l l e d  and

56 .0  g. (?5$) c o l le c te d , b .p .  65-*6°/2.0 mm,, n 20 = I .5187 ( l i t e r a t u r e  

v a lu e  n 22 = l,5 lf>8) (22 ).

(b) P re p a ra tio n  of 2-methoxy- 2- phenylbutane

The procedure used was s im ila r  to  th a t  employed by W allis  (30) 

and Oonant (3 1 ). In  a 500-ml. round-bottomed f la s k  was placed 60.0 g.

(0.1+0 mole) of 2 -p h en y l-2 -b u tan o l, 100 ml.. (2*5 moles) o f methanol and 

3 .6  ml. of co n cen tra ted  s u lf u r ic  a c id . The m ixture was allow ed to  

stand  o v ern ig h t a t  room tem p era tu re . E th er (100 m l.) was added to  th e  

m ix tu re , fo llow ed by 100 ml. of s a tu ra te d  sodium carbonate  so lu tio n .

The l iq u id  was decanted  from th e  sodium carbonate which p re c ip i ta te d ,  

and th e  e th e r  and some methanol removed on a  steam b a th . The bottom 

aqueous la y e r  th u s  formed was sep ara ted  and ex tra c te d  u s in g  two 100-ml. 

p o r tio n s  o f e th e r .  The combined organic la y e rs  were f i l t e r e d  th rough 

anhydrous magnesium s u lf a te  and d rie d  overn igh t over 20 g . of anhydrous 

magnesium s u l f a te .  The m ixture was d i s t i l l e d  i n  vacuo. I4I4.I4. g. ( 68$) 

of 2-m ethcxy-2-phenylbutane b e ing  o b ta in ed , b .p .  66-7°/5*0 mm..
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n^ 5 * 1 .1#68 ( l i t e r a t u r e  v a lu e s : b ,p .  63"5°/2-3 mm. (3 0 ), n^ 5 = 1.1+981,

1.1+991 (3 2 )) .

(c )  Cleavage and h y d ro ly s is  of 2-m ethoxy-2 -phenylbutane.

Follow ing th e  procedure o u tlin e d  in  th e  p rep a ra tio n  of cumene-da , 

ll+ *8 g. (O.38 mole) of potassium  m etal and 32.9 g» (0 .20  mole) of 

2-m ethoxy-2-phenylbu tane were allow ed to  r e a c t  f o r  seven hours a t  68° 

follow ed by th e  a d d itio n  of 8 .2  g. of deuterium  oxide. The se c -b u ty l-  

benzene th u s  produced was d i s t i l l e d ,  f r a c t io n s  being c o lle c te d  b o il in g  

a t  ?U°/27 mm., n^° * I.I+89I+. The y ie ld  was 16.5> g. (61+$)j mass spect-ro- 

m e tric  a n a ly s is  showed: d x = 1+6.6$, d0 = 53*k%, no b e ta -  or gamma-

deuterium  atom s,

2 - Phenyl pentane

The procedure was s im ila r  to  t h a t  d escrib ed  fo r  d im ethylphenyl- 

c a rb in o l .  The G rignard reag en t prepared from 7£.0 g. (0 .9 6  mole) of 

n -p ro p y l c h lo r id e  and 2^ .0  g. (1 .03  mole) of magnesium tu rn in g s  in

(a )  P rep a ra tio n  of 2 -pheny l-2 -pen tano l

o

e th e r  was t r e a te d  a t  0° w ith  60.0 g. (0.5*0 mole) of acetophenone in
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d iy  e th e r .  A f te r  s t i r r i n g  a t  g e n tle  re f lu x  f o r  fo u r hours and work-up 

w ith  w ate r (n o t a c id ) ,  th e re  was ob tained  66 .6  g. (81$) of 2-phenyl- 

2 -p en ta n o l, b .p ,  7^~6°/2 .1  ran.,, n®° = l .£ l3 3  ( l i t e r a t u r e  va lue :

112-3° /lU  ram.) (2 2 ),

(b ) D ehydration  of 2 -pheny l-2 -pen tano l and hydrogenation of r e s u l t in g  
o le f in s ,

A raodificati.on  of th e  method of Huston and Kaye (33) 'was u sed .

2 -P henyl-2 -pen tano l was dehydrated  by h e a tin g  a t  r e f lu x  and c o l le c t in g  

th e  w ate r formed in  a  d i s t i l l i n g  r e c e iv e r .  A fte r  removal of th e  w ater 

l a y e r  and d ry in g  over anhydrous calcium  c h lo rid e  o v ern ig h t, the  

r e a c t io n  m ixture  was d i s t i l l e d .  2-P h en y l-2 -pentene (and iso m ers), 

b .p ; IQ6-110°/U0 mm., was ob tained  in  '(b% y ie ld  (based on acetophenonej 

th e  2 -pheny l-2 -pen tano l was n o t p u r if ie d  in  th i s  p re p a ra t io n ) .

This o le f in  was th en  p a r t i a l l y  reduced by adding L.0 g. (1 .7  mole) 

o f sodium m etal to  a  s o lu tio n  of 37 g* (9 .2£  mole) o f o le f in  in  37!? ml. 

o f ab so lu te  e th a n o l„ A f te r  th e  sodium had r e a c t e d  300 ml. of w ater 

was added, th e  r e s u l t in g  la y e rs  s e p a ra te d , th e  bottom aqueous la y e r  

e x tra c te d  w ith  th re e  100-m l, p o r tio n s  o f e th e r  and th e  combined organic 

la y e r s  washed w ith  100 ml. of s a tu ra te d  sodium ch lo rid e  s o lu t io n . The 

r e s u l t in g  l i g h t  yellow  so lu tio n  was shaken w ith  200 ml. of co ld  s a tu ra te d  

potassium  permanganate f o r  t h i r t y  seconds, 20 g. of sodium b i s u l f i t e  

added and. th e  la y e rs  s e p a ra te d . The w ater la y e r  was e x tra c te d  tw ice 

w ith  e th e r  and th e  combined organic la y e rs  d rie d  over lf> g* o f  anhydrous 

sodium s u l f a t e .  The d r ie d  m ixture was f r a c t io n a l ly  d i s t i l l e d  through 

a monel h e lic e s -p a ck e d  column, 31 g. (81|$) being  c o lle c te d  a t
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6y.£-68.0°/9 mm,, nĵ 0 = 1.U92Y, However, when a sample of this product

was put th rough  gas chromatography a p p a ra tu s , th e  presence of a sm all 

amount o f s l i g h t ly  h ig h e r b o il in g  im purity  was ap p a ren t. This was 

probably  2 -p h en y l-2 -p en ten e , an a u th e n tic  sample of which, when put- 

through th e  gas chromatography ap p ara tu s  under th e  same c o n d itio n s , 

caused a  peak to  be recorded  a t  th e  same tim e in te rv a l  as th e  im p u rity . 

To remove th i s  o le f in ,  th e  m ixture was placed in  a  500-ml. hydrogenation 

b o t t l e  and 123 ml. of a b so lu te  e th an o l w ith  0.118 g. o f platinum  d iox ide 

was added. A f te r  th re e  and o n e -h a lf  hours of hydrogenation , th e  

p re ssu re  had dropped from $1.1  to  >0 p . s . i .  and ceased to  d ecrease . 

Work-up gave 2i+.2g., b .p .  l87~8°(YUU mm.), n~° « I .I 4879 ( l i t e r a t u r e  

v a lu e : n~° = 1 .U876)(2 8 ) , of ch rom atograph icaily -pure  2-p h en y lp en tan e .

2 -Phenylpentane-dq (Procedure C)

(a )  P rep a ra tio n  of 2-m ethoxy-2-phenylpentane

This was prepared  in  $6% y ie ld  from $0 .0  g. (0 .30  mole) of

2-phenyl-2~pentano 'l, 123 ml, ('3*0 moles) of methanol and 2 .6  m l. of 

s u l f u r ic  a c id  a s  d escrib ed  in  th e  p re p a ra tio n  of 2-m ethoxy-2-phenylbutane.



22

Product b o i l in g  from 66-9°/2.1+ mm., n^° = 1.1+959-1.1+982, was c o lle c te d .

(b ) Cleavage and h y d ro ly s is  of 2-m ethoxy-2-phenylpentane.

The same procedure as th a t  used fo r  p rep arin g  cumene-da was 

employed. A f te r  8 .2  g. (0 .21  mole) of potassium  m etal and 19 .6  g.

(0 .11  mole) of 2 -meth oxy- 2 -  ph eny 1 pen ta n  e had been perm itted  to  r e a c t  a t  

68° f o r  tw elve ho+irs, 5»0 g. (0 .2 5  mole) o f deuterium  oxide was added.

The 2 -phenylpentane th u s  produced was d i s t i l l e d ,  th e  f r a c t io n  c o lle c te d  

b o il in g  a t  7 3 °/l2  mm., n^° *= 1 . 1+880, n*5 = 1.1+857, weighed 10 .0  g. (61$). 

Mass sp ec tro m e tric  a n a ly s is  showed: d 2 = 61+. 1%, d0 *= 3 5 -9%, no b e ta - ,

gamma- o r d e lta -d e u te riu m  atom s.

3-Phenylpentane

C\  c h 2c h 3V r7
/ /  CHj.CHj

A procedure s im ila r  to  th a t  of P in es, Vesely and I p a t ie f f  (3l+) was 

fo llow ed . In a  ty p ic a l  run , a  200-m l. s t a in l e s s - s t e e l  Magne-Dash 

au to c lav e  was charged w ith  1+6 g. (0 .50  mole) of to lu e n e , 0.89 g. (0.023 

mole) of potassium  m etal and 1+.1+ g. (0 .18  mole) o f sodium h y d rid e .

The au to c lav e  was f lu sh ed  sev era l tim es w ith  dry n itro g e n . E thylene 

was th en  added to  a p re ssu re  of 810 p . s . i .  (by th e  lo s s  in  w eight of 

th e  e th y len e  ta n k , i t  was determ ined t h a t  31 g. (1*1 moles) of e thy lene 

was added), th e  m agnetic s t i r r e r  a d ju s te d  to  o p era te  a t  moderate speed 

and th e  au to c lav e  heated  e l e c t r i c a l l y  to  190°. A f te r  e ig h t h o u rs, th e
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p ressu re  had dropped to  61+0 p . s . i .  The au to c lav e  was vented  and a 

stream  of n itro g e n  passed through fo r  se v e ra l hou rs. A f te r  th e  m ixture 

in  th e  bomb was f i l t e r e d  through g la ss  wool and 100 ml. of benzene 

used to  r in s e  th e  au to c lav e  and g la ss  woo]., th e  f i l t r a t e  and benzene 

washings were washed w ith  100 ml. o f w ater, d r ie d  overnight, over 10 g. 

o f anhydrous calcium, c h lo r id e  and d i s t i l l e d  a t  reduced p re ssu re  through 

a  g la ss  h e lic e s -p ac k ed  column. F ra c tio n s  were c o lle c te d  which c o rre s ­

ponded to  to lu e n e , n-propylbenzene, 3"phenylpsntane and 3 -e th y l-3 -  

pheny lpen tane. A f r a c t io n  b o il in g  a t  53“ 8°/6  mm., weighing 9*1 g* (12$), 

n^° = 1.1+881+ ( l i t e r a t u r e  v a lu e : n^° = 1,1+877) (2 8 ), was c o lle c te d  as

3 -phenyl pentane and a f r a c t io n  b o il in g  a t  78- 8l ° /6  mm. weighing '13-0 g. 

(15/6) was c o lle c te d  as 3~ethy l-3~phenylpen tane.

3 - phenylpentane-dQ (Procedure C)

Follow ing th e  procedure d escrib ed  in  th e  p re p a ra tio n  of 2 -phenyl- 

2 -p e n ta n o l, e th y l magnesium bromide (p repared  from 25 g. (1.01+ moles) 

of magnesium tu rn in g s  and 105 g* (0 .9 6  mole) of e th y l bromide) was

(a ) P rep a ra tio n  of 3~phenyl-3-pen tanol
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t r e a te d  w ith  67 g. (0 .50  mole) o f propiophenone. The 3 -pheny l-3- 

pen tano l produced was c o lle c te d  a t  7U°/2 .U ram., n^° = 1 .5152, nj~5 =

1.^126 ( l i t e r a t u r e  v a lu e : b .p .  8 5 -8 ° /l  mm., n^5 = 1.5128) (35) and

weighed 56 .8  g. (70%).

(b ) P re p a ra tio n  of 3~m ethoxy-3-phenylpentane.

CH.,CH3 
/  “

C-OCH3 
\  3

c h 2ch3

In a  manner s im ila r  to  th a t  d escrib ed  in  th e  p rep a ra tio n  of 2-methoxy- 

2 -pheny lbu tane, 59 .0  g. (9 .31 mole) o f 3~phenyl-3- pent.anol, 120 m l.

(3 .0  m oles) of methanol and 2 .6  ml. of s u lf u r ic  ac id  were allowed to  

stand  f o r  th re e  days. Upon d i s t i l l a t i o n ,  22.0 g. (hl%) o f 3~methoxy-3- 

phenylpentane, b .p .  7L-5°/3«5 mm., n^° = 1.5030 was c o lle c te d .

(c) Cleavage and h y d ro ly s is  of 3-methoxy-3-phenyl p en tan e .

Using th e  procedure d escrib ed  under th e  p re p a ra tio n  of cumene-da,

18. k  g- (0.103 mole) of 3"methoxy-3-phenylpentane and ( . (  g. (0.20 mole) 
of potassium metal were permitted to react at 68° for eleven hours, 

after which 6.2 g. (0 .31  mole) of deuterium oxide was added and the 
resulting 3“phenylpentane distilled. The fractions boiling at 

6/.5-68.5°/19 mm., nj~° = l.lj.876, weighed 8.3 g. (56$). Mass spectro- 
metric analysis indicated: dx «= 53*3$, d.0 = 1*6.7$, no beta- or gamma-

deuterium atoms.
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2-M ethyl-3 - phenylbutane

A ttem pts to  prepare t h i s  compound, by red u c tio n  of 2-m ethyl-3- 

pheny l-2-bu tene re s u l te d  in  m ixtures o f th e  o le f in  and s a tu ra te d  hydro­

carbon. The hydrocarbon was prepared  u s in g  Procedure C, o rd in a ry  

w ater b e ing  used in s te a d  of deuterium  oxide in  th e  h y d ro ly s is  s te p .

(a) P re p a ra tio n  of 3 -m e th y l-2 -p h en y l-2 -b u tan o l.

.■ This a lco h o l was prepared in  a s im ila r  manner to  th a t  d escrib ed  

f o r  2 -p h en y l-2 -p en tan o l. To iso p ro p y l magnesium c h lo r id e  ; formed from

75,0 g. (0 .96  mole) o f iso p ro p y l ch lo rid e  and 25-0 g. (1.03 moles) of 

magnesium tu rn in g s )  was added 60 g. (0*50 mole) of acetophenone. The

n^° = 1 .5 l8 9  ( l i t e r a t u r e  v a lu e s : 7 7 ,0 -7 7 .5 ° /2 .6 -2 .9  mm., n£5 = 1.5137)

C-CH(CH3)

a lc o h o l was o b ta ined  in  y ie ld  (UU-3 g.)> b .p . 76- 7 ° / 2 .5 mm.,

(3 6 ).

(b) P re p a ra tio n  of 2-m ethoxy-3-m ethyl-2-phenylbutane.

c- c h ( c h 3 )

OCHo

Follow ing th e  procedure o u tlin e d  in  th e  p re p a ra tio n  of 2-methoxy-

2 -phenylbutane, 39 .6  g. (0 .2 i| mole) of 3 -m ethy l-2 -pheny lbu tan -2 -o l,

100 m l. (2 .5  moles) of methanol and 2 .5  ml. of s u lf u r ic  a c id  a f t e r
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s tan d in g  th re e  days y ie ld e d  22.3 g. {$2%) of 2-methexy-3 -m ethyl-2- 

phenylfcutan.e, b .p .  72-5°/l+.0 mm., ng° = 1.1+992.

(c )  Cleavage and h y d ro ly s is  of 2-m ethcxy-3-m ethyl-2-phenylbutane.

To 11 .8  g. (0 .30  mole) of potassium  m etal and 27.0 g. (0 .15  mole) 

of 2-methoxy-3** m ethy l-2 -phenylbutane in  dry heptane (which had been 

allow ed to  r e a c t  a t  68° f o r  s ix  hours) was added 10 ml. of w ater in  

75 m l. o f te tra h y d ro fu ra n . Work-up gave 1$.6  g. {'(1%) of 2-m ethvl-3- 

phenylbu tane , b .p ,  63°/8«8 mm.j n£° = 1.1+912 ( l i t e r a t u r e  v a lu e s : b .p .

6 6 .2 ° /l0  mm.? n^0 = 1.1+86) ( 28) .

3-M ethy l-2 -phenylbutane-da (Procedure C)

Using th e  procedure d esc rib ed  in  th e  p rep a ra tio n  of cumene-da, 

20.8 g. (0 .12  mole) of 2-methoxy-3“m ethyl-2~phenylbutane and 8.3 g. 

(0 .2 1  mole) o f potassium  m etal were allow ed to  r e a c t  fo r  e ig h t hours

r e s u l t in g  3-m e th y l-2 -phenylbutane c o lle c te d  as th o se  f r a c t io n s  b o il in g  

from 69 .5 "7 0 .0 °/1 2  ram., nj~° ~ 1.1+903- The y ie ld  was 12 .1  g. ( 83$ ) . 

Mass sp ec tro m e tric  a n a ly s is  showed: d x * (0.1%, d0 «= 29.1$, no b e ta -  

or gamma-deuterium atom s.

C-CH(CH3 ) 2
D

a t  68°. Then g* (0 .2 6  mole) of deuterium  oxide was added and th e
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2 ,2-D im ethyl-3-phenylbutane

C-C(CH3 ) 3

This procedure i s  s im ila r  to  th a t  employed by Schm erling and West

(3 7 ). A o n e - l i t e r  round-bottom ed th ree-necked  f la s k  equipped w ith  a 

s t i r r e r ,  condenser, a d d itio n  fu n n e l and a  dry argon i n l e t  was thorough ly  

d r ie d  u s in g  a  f r e e  flam e. To th e  G rignard reag en t from th e  io d in e - 

i n i t i a t e d  re a c tio n  of 20 g. (0 .82 mole) o f c lean  magnesium tu rn in g s  

w ith  92 g. (1 .0  mole) o f t e r t - b u t y l  c h lo r id e  in  anhydrous e th e r  was 

added dropw ise a t  0 ° a  s o lu tio n  of 90 g. (0 .50 mole) o f a-phenethy l 

bromide (p repared  in  8l$S y ie ld  from a-m ethylbenzyl a lco h o l and phosphor­

ous trib ro m id e )  in  $0 ml. of d ry  e th e r .  Work-up as  u s u a l,  u s in g  d i lu te  

h y d ro ch lo ric  a c id  f o r  h y d ro ly s is , gave 20 g. o f p roduct, b .p . y6-8°/9  mm., 

n^° *= 1.1*973• A h ig h er b o il in g  f r a c t io n  (b .p .  130-160° /5  mm.) was a ls o  

c o lle c te d  which c r y s ta l l i z e d  upon co o ling . R e c ry s ta l l iz a tio n  from 

m ethanol gave w hite  n e e d le s , m .p. 123-1*° • This s o lid  was b e liev ed  to  

be 2 ,3 -d ipheny lbu tane ( l i t e r a t u r e  v a lu e : m.p. 126 ') (3 8 ). The l iq u id

f r a c t io n  was re flu x ed  over sodium m etal f o r  one hour, th en  f r a c t io n a l ly  

d i s t i l l e d .  Product b o i l in g  from 63-lt°/5  mm., d| 5 = O .892, n~° = 1.1*951 

( l i t e r a t u r e  v a lu e s : 5 0 - l ° / l  mm., = 1.1*950) ( 3 /) ,  weighing 10 .5  g-

(13$) was c o lle c te d  as  2 ,2-dim ethyl~3-phenylbutane.
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2 ,2-Dimethyl-3™ phenylbutane-da (Procedure C)

D
c- cvch3 )3

CH.

(a) P re p a ra tio n  of 3 , 3™ dim ethyl-2-phenylbutan-2-ol

a

C-C(CH3 ) 3
I
OH

CHl3

The g en era l method o u tlin ed  f o r  th e  p re p a ra tio n  of 2-p h en y l-2- 

pen tanol was fo llow ed . To t e r t - b u ty l  magnesium c h lo rid e  (prepared  from 

180 g . (1 .95  moles) o f t e r t - b u ty l  c h lo r id e  and $0 g. ( 2.06 mole) of 

magnesium tu rn in g s )  was added 125 g. (l.oU  mole) of acetophenone. 

D i s t i l l a t i o n  through a V igreaux column gave 9 1 -h g- of product b o il in g  

a t  53”"90°/1 .2  mm. R e d is t i l la t io n  through a packed column gave k l .2  g. 

(23$) o f a  p roduct, b .p .  l l ° / l . 2  mm., n^° = 1.516U.

(b) P re p a ra tio n  of 2-methoxy™ 3j3™ dim3thyl-2-phenylbutane.

An a ttem p t to  p repare  t h i s  compound from 3 ,3 “d im ethy l-2 -pheny l-  

b u ta n -2 -o l an.d methanol re s u l te d  only  in  recovery of s t a r t in g  m a te r ia l .  

The e th e r  was p repared , however, employing a method s im ila r  to  th a t  of 

Z e iss  (3 2 ). In a dry o n e - l i t e r  th ree-n eck ed  round-bottom ed f la s k

CH.
C-C(CH3)3
och3
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equipped w ith  an a d d itio n  fu n n e l, condenser, d ry  argon i n l e t  and high­

speed s t i r r e r  was p laced UOO ml. of anhydrous benzene and 3 6 .h g.

(0.20U mole) of 3 ,3 -d im e th y l-2 -p h en y lb u tan -2 -o l. F re sh ly -c u t potassium  

m etal ^8.1 g .j  0.21 mole) was then  added to  th e  w ate r-w h ite  s o lu t io n . 

Reflux fo r  th re e  days was n ecessary  f o r  th e  red  potassium  s a l t  to  be 

produced. A f te r  th i s  period  85*0 g. (0 .60  mole) of methyl io d id e  was 

added and th e  m ixture re flu x ed  w ith  s t i r r i n g  fo r  tw enty h o u rs . A fte r  

th e  sodium iod ide  was allow ed to  s e t t l e ,  th e  s o lu tio n  appeared alm ost 

c o lo r le s s .  Water (120 m l.) was added to  th e  s t i r r e d  m ix tu re , th e  

bottom aqueous 3.ayer separa ted  and ex trac te d  w ith  200 ml. of e th e r , 

and th e  combined organ ic  la y e rs  d rie d  over 20 g. of anhydrous magnesium 

s u lf a te .  Solvent was removed u s in g  a  steam b a th  and th e  ye llow  resid u e  

f ra c t io n a te d , y ie ld in g  2£.£ g. {'{&%) of 2-m ethoxy-3 ,3-d im ethyl-2-phenyl- 

bu tane, b .p . 79“ 8U°/3 *3 mm., n^° = 1 .^ 0 i | l - l .5065.

,c) Cleavage and h y d ro ly s is  of 2-m ethoxy-3 ,3-d im ethyl-2 -phenylbutane.

Following th e  procedure described  in  th e  p rep a ra tio n  of cumene-da, 

25.5 g- (.0.133 mole) of 2-m ethoxy-3,3“d im eth y l-2 -phenylbutane and 10.3 

g. ^0.26 mole) o f potassium  m etal were allow ed to  r e a c t  fo r  th i r t e e n  

hours a t  68°. Then y .£  g. (0 .38  mole) o f deuterium  oxide was added 

and th e  r e s u l t in g  3 ,3-dim ethyl~2-phenylbatane d i s t i l l e d .  The f ra c t io n s  

b o il in g  from 6U -6°A -b mm., n*° *= l . l t f 5 2 , and w eighing 11.8 g. ($$%) 

were combined. Mass sp ec tro m etric  a n a ly s is  gave d x = £ l.L $ , d0 * U8.6#, 

no b e ta -  or gamma-deuterium atom s.
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Hig h  Surface Sodium (HSS)

Follow ing th e  gen era l procedure d escribed  in  th e  b u l l e t in  ’-High 

S urface  Sodium on I n e r t  S o lid s"  (3 ? ) , 2£ g. of dry N o rite  and 2 .5  g* 

o f f re s h ly -c u t  sodium m etal were s t i r r e d  to g e th e r  a t  160° fo r  fo r ty  

m inutes and then  allow ed to  cool to  room tem p era tu re . The HSS was 

removed th rough a  "goose-neck" w ith  a 2I4./I4.O standard  tap e red  jo in t  at. 

one end and a 1U/35 jo i n t  a t  th e  o th e r . The sm aller j o i n t  was taped to  

sm all, p rev io u sly  wei.ghed, sample v ia l s  and th e  la rg e r  j o i n t  was f i t t e d  

to  th e  re a c tio n  f la s k .  By t i l t i n g  th e  complete ap p ara tu s , th e  IBS 

could be made to  e n te r  th e  v i a l s ,  approxim ately  one gram being  placed 

in  each v i a l .

High S urface Potassium  (HSP) was s im ila r ly  p repared .

B. Exchange S tud ies

In  p r in c ip le ,  the  procedure co n s is ted  in  h ea tin g  a  m ixture of an 

a -d e u te ra te d  a lk y la ro m a tic  and two n o n -d eu te ra ted  a 'lky larom atics in  

th e  presence o f an ap p ro p ria te  c a ta ly s t ,  w ithdraw ing samples p e r io d ic ­

a l l y ,  s e p a ra tin g  th e  s t r u c tu r a l ly  pare components and analyz ing  each 

fo r  i t s  deuterium  c o n te n t. A v a r ie ty  of co n d itio n s  was s tu d ied  b efo re  

a  s u i ta b le  procedure was developed which gave s a t i s f a c to ry  k in e t ic  

r e s u l t s .

A n a ly tic a l Procedure

Because a  mass spectrom eter was n o t a v a ila b le  fo r  ro u tin e  a n a ly se s , 

th e  deuterium  co n ten t of th e  v a r io u s  hydrocarbons, a f t e r  being su b jec ted
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to  exchange c o n d itio n s , was determ ined u sin g  th e  C-D s tr e tc h in g  frequency 

in  th e  in f r a r e d .  Samples o f a l l  d eu te ra ted  hydrocarbons were analyzed 

mass s p e c tro m e tr ic a lly  by Mr. S , Meyerson, S tandard O il Company (In d ia n a ) , 

W hiting , Indiana. The in f ra re d  sp e c tra  o f so lu tio n s  o f th e se  d e u te ra te d  

hydrocarbons in  carbon te t r a c h lo r id e  were recorded using  a Perkin-Elm er 

Model 21 double-beam in fra re d  spectrophotom eter w ith sodium ch lo rid e  

c e l l s  o f 0.£l5> mm. w id th .

I t  was o r ig in a l ly  in tended  to  use ethylbenzene-dcc as th e  deuterium  

source and to  compare th e  r a t e  o f se lf-exchange of ethylbenzene w ith  

th e  r a te  o f exchange w ith  ano ther hydrocarbon. A lthough th e re  a re  

a p p rec ia b le  d if fe re n c e s  in  th e  in f ra re d  sp e c tra  of th e  pure o rd in a ry , 

mono-a, and d i - a ,a  d e u te ra ted  ethylbenzenes (see  F igures 1$ and 16 ), a 

s u ita b le  a n a ly t ic a l  method could no t be worked out f o r  m ixtures of th ese  

th re e  due to  th e  overlapp ing  o f th e i r  C-D a b so rp tio n  peaks. A s im ila r  

s i tu a t io n  was encountered in  the case of o rd in a ry , mono-a and d i - a ,a  

diphenylm ethane. Hence, i t  was decided to  use ethylbenzene-da  m erely 

a s  a  source o f deuterium  and to  a llow  two d i f f e r e n t  hydrocarbons to  

compete fo r  th e  deuterium  in  th e  e thy lbenzene-d^ .

C a lib ra tio n  curves were prepared c o r re la t in g  th e  deuterium  co n ten t 

of th e  v a rio u s  hydrocarbons w ith  th e  in te n s i ty  of th e  C-D s tr e tc h in g  

frequency  in  th e  in f ra re d  reg io n  n ear U.'/ m icrons. Samples of known 

deuterium  con ten t were prepared by d i lu t in g  the  mass sp e c tra n a liz e d  

d e u te ra ted  samples w ith  o rd in a ry  hydrocarbon. The so lv e n t was carbon 

te t r a c h lo r id e  (M allinckrod t "A n a ly tica l Reagent") p u r if ie d  (Uo) by 

r e f lu x in g  over mercury m etal f o r  th re e  hours and under a s o lu tio n  of
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100 g. o f sodium hydroxide in  350 ml. o f w ater and 100 ml. of 9$% 

e th an o l f o r  two h o u rs , washing th re e  tim es w ith  w ater, once w ith  d i lu te  

s u l f u r ic  ac id  and th re e  tim es w ith  w a te r, d ry ing  over anhydrous calcium  

c h lo r id e  and c a r e fu l ly  d i s t i l l i n g  from phosphorus pentoxide through a 

tw en ty -fo u r inch  g la ss  h e lices-p ack ed  column (th e  f i r s t  1$% being  d is ­

c a rd e d ) . U sually  th e  volume r a t io  o f hydrocarbon to  carbon t e t r a ­

c h lo r id e  was 1 :1 .1 ;, Under th e  exchange co n d itio n s  employed, seldom did 

a hydrocarbon gain  more th an  1%% deuterium . Thus, most c a l ib r a t io n  

curves were prepared  u sin g  samples co n ta in in g  from 0-1$% deuterium .

The g ears  of the  in f ra re d  in strum ent were s e t  to  spread th e  reg ion  

o f i n t e r e s t  (3*0-6.0  m icrons) over a  30 cm. range. At 3.000 m icrons, 

w ith  both  c e l l s  f i l l e d  w ith  so lv en t and in  p lace , th e  in strum ent was 

a d ju s te d  to  th e  fo llow ing  s p e c if ic a t io n s :

S l i t  w idth 990

Response 1

Per cen t Transm ission 95 

Gain 5

S uppression 2

F i l t e r  Auto

Speed U

S l i t  co n tro ls  Auto

Scanning c o n tro l For

The spectrum of so lv en t v e rsu s  so lv en t was recorded . The 0% 

tra n sm iss io n  l in e  was obtained  by c lo s in g  th e  sample beam window and 

reco rd in g  th e  spectrum  of so lv e n t in  only th e  re fe re n c e  beam ( th i s  a lso
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co incided  w ith  th e  maximum ab so rp tio n  of th e  C-H peak a t  3 -2 -3 -5  >0 •

The sp e c tra  o f so lu tio n s  co n ta in in g  known and v ary in g  amounts of 

d e u te ra ted  hydrocarbon were recorded and th e  r a t io  of th e  percen t 

tra n sm itta n c e  of th e  so lv e n t to  th e  percen t tra n sm ittan ce  of the  

sample ( I q/ i ) was determ ined. The logarithm  of t h i s  r a t io  (o p tic a l  

d e n s ity )  was p lo tte d  a g a in s t  p ercen t deuterium  co n ten t to  o b ta in  a 

l in e a r  r e la t io n s h ip  from which th e  percen t deuterium  in  unknown samples 

was determ ined . Table I I  g ives a ty p ic a l  example showing q u a n ti t ie s  

o f hydrocarbons used in  th e  p re p a ra tio n  of a  c a l ib r a t io n  curve.

The volume r a t io  o f hydrocarbon/carbon te t r a c h lo r id e  of Is 1.1+ was 

used  f o r  th e  c a l ib r a t io n  curves of a l l  d eu te ra ted  hydrocarbons except

2 ,2 -d im eth y l-3“ phenylbutane, f o r  which a r a t io  of 1 . 80:0 .06  was u sed . 

S ev e ra l f a c to r s  en tered  in to  t h i s  choice of 1 :1 .It. Foremost, when a 

m ix tu re  was sep ara ted  u s in g  th e  Vapor F ractom eter, volumes of only 

s l i g h t l y  over 0 .1  ml. were c o lle c te d  ( e s p e c ia l ly  when only a  sm all 

c e n te r  " c u t” was made to  in su re  u l t r a - c le a n  s e p a ra t io n ) . S ince a volume 

of 0 .20  ml. was req u ired  to  f i l l  th e  in f ra re d  c e l l s ,  a volume of 0.100 

ml. of hydrocarbon and O.li+0 ml. o f carbon te t ra c h lo r id e  ( to t a l  volume 

0 .2 U0 m l.) r e s u l te d  in  s u f f ic ie n t  q u a n tity  to  f i l l  th e  c e l l s  and a lso  

produced in te n se  sp e c tra  capab le  of d isce rn in g  sm all percen tages of 

deu terium . Table I I I  g ives th e  a n a ly t ic a l  d a ta  used in  th e  p re p a ra tio n  

o f th e  c a l ib r a t io n  curve (F igure  1) f o r  sec-buty lbenzene-dG, O ther 

c a l ib r a t io n  curves were s im ila r ly  prepared  and a re  recorded in  th e  

appendix of th e  th e s is  (F igu res 1 0 - ll i ) .
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TABLE I I I

CALCULATION OF OPTICAL DENSITY FROM C-D BAND AT U.68 MICRONS FOR 
sec-BUTYLBENZENE (2 .65  M) EN CARBON TETRACHLORIDE

Sample ■ P ercent D I q/ 'I  D[log ( I 0/ l ) ]

1 0 .0 1.105 0.0U3li

2 2.3 1.180 0 .0/19

3 U.7 1.267 0.1028

h 9 .3 1 . J4I4.2 0.1590

5 18 .6 1.885 0.2 /53

6 28,0 2 -I4J4O O.38/U
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36F ig u re  1 . P ercen t deuterium  co n ten t of m ixtures o f s e c -b u ty l-  

benzene and sec-bu ty lbenzene-dn in  “carbon te t r a c h lo r id e  v s . 
o p t ic a l  d e n s ity  a t  U ,68 m icrons. (C oncen tra tion  of hydrocarbon = 
2 .6 5  Mv)

o.Uo

0.30

0.20

0.10

Percent Deuterium
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S e p a ra tio n  Procedure

Because o f th e  expense of th e  d eu te ra ted  compounds and u n a v a il­

a b i l i t y  o f some of th e  o rd in a ry  hydrocarbons, only sm all q u a n ti t ie s  

were used in  th e  exchange r e a c t io n . Thus, i t  became n ecessary  to  

develop a  procedure fo r  sep a ra tin g  a  three-com ponent hydrocarbon mix­

tu re  whose t o t a l  volume was about one m i l l i l i t e r .

The f i r s t  hydrocarbon chosen fo r  exchange w ith  ethylbenzene was 

d iphenylm ethane. I t  was f e l t  th a t  th e se  might be sep ara ted  u s in g  a 

chrom atographic column. Although a c t iv a te d  alum ina proved u n su ccessfu l, 

80 mesh s i l i c a  g e l r e a d ily  separa ted  th e  two u sin g  carbon te t r a c h lo r id e  

a s  th e  e lu e n t.  The p rog ress  of the  hydrocarbons through th e  column 

was follow ed by ta k in g  th e  in f ra re d  spectrum  of bach 2-3 m i l l i l i t e r  

f r a c t io n  a s  i t  was c o l le c te d .  However, th i s  technique d id  n o t e a s i ly  

len d  i t s e l f  to  th e  se p a ra tio n  of hydrocarbons more c lo se ly  r e la te d  in  

s t r u c tu r e ,  e s p e c ia l ly  a  three-com ponent hydrocarbon m ix ture , so ano ther 

method was sought fo r  accom plishing t h i s .

t t  appeared t h a t  gas chromatography was p a r t ic u la r ly  a t t r a c t iv e  

f o r  se p a ra tin g  such m ixtures and, acco rd in g ly , a  Perkin-Elm er Model 

Vapor F ractom eter was remodeled and adapted f o r  t h i s  purpose. A f te r  

co n s id e rab le  experim en ta tion , b e s t  r e s u l t s  were ob tained  u s in g  an 

asbestos-w rapped e le c t r ic a l ly -h e a te d  s e c tio n  o f one-e igh th  inch  copper 

tu b in g  which Extended s ix  inches from th e  e x i t  s id e  o f th e  in strum ent 

and to  which was sea led  a 10/30 s tandard  tap e red  male j o i n t .  Only 

se v e ra l seconds elapsed  between th e  tim e a s ig n a l was recorded  and th e  

tim e th e  sample g iv ing  r i s e  to  th a t  s ig n a l  appeared a t  th e  e x i t .
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The samples were c o lle c te d  in  s p i r a l  t r a p s  whose dimensions a re  shown 

in  F igu re  2 , The e x i t  end of the  s p i r a l  t r a p  was p ro tec ted  w ith  a 

d ry ing  tube co n ta in in g  D r ie r i te .  These t r a p s ,  which were cooled in  

l iq u id  a i r  during  th e  c o l le c t io n ,  proved q u ite  e f f i c i e n t  fo r  ga thering  

n e a r -q u a n t i ta t iv e  y ie ld s  of th e  sam ples. A lso , t h i s  method a ffo rd ed  a 

c lean  sep a ra tio n  fo r  th e  hydrocarbons u sed . The most d i f f i c u l t  com­

pounds to  sep a ra te  from each o th e r  were ethylbenzene and cumene, 

a lthough  even t h i s  was done w ith  l i t t l e  d i f f i c u l ty  as shown in  F igure 3*

O rig in a lly , a two-m eter o n e-fo u rth  inch a n a ly t ic a l  column was used 

co n ta in in g  Perkin-Elm er packing type ’’A" (d id ecy l p h th a la te  on f i r e b r ic k ) .  

However, s in ce  t h i s  column was r e s t r i c t e d  to  samples of about 0 .05 m l., 

o f te n  f iv e  to  s ix  runs were n ecessary  in  o rder to  c o l le c t  a s u f f ic ie n t  

volume fo r  q u a n ti ta t iv e  in f ra re d .  This s i tu a t io n  was remedied w ith  th e  

a c q u is i t io n  of a  th ree -m ete r one-inch  p re p a ra tiv e  column w ith  packing 

of type ,;A'? and a  s im ila r  column of type "0" ( s i l ic o n e  pack ing). These 

p re p a ra tiv e  columns perm itted  the c lean  se p a ra tio n  of s e v e ra l m i l l i ­

l i t e r s  of hydrocarbon m ixture in  from two to  th re e  hours. The c a r r ie r  

gas used w ith  th ese  la r g e r  columns was oil-pumped n itro g e n  and was 

u s u a lly  re g u la te d  from 5-10 p . s . i .  through th e  column.

The column tem perature  was operated  near 100° u n t i l  th e  ethylbenzene 

was c o lle c te d , then  o ften  ra is e d  to  110-130° to  h as te n  the passage of 

th e  rem aining components. To in su re  a c lean  se p a ra tio n , from two to  

s ix  m inutes were allow ed to  e lapse  from th e  tim e a peak began to  appear 

on th e  re co rd e r  u n t i l  a  t r a p  was put in  p lace to  s t a r t  th e  c o l le c t io n  

of t h a t  component. L ikew ise, th e  t r a p  was removed s e v e ra l m inutes
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10/30 Standard. Tapered jo in t s

13 cm.

8 ram. Pyrex tu b in g

6 cm.

ll i  mm. Pyrex tubing

Figure ?.. S p ira l  t r a p  used w ith  Vapor F ractcm eter fo r  
sample c o l le c t io n .
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b e fo re  th e  l a s t  of th a t  hydrocarbon had passed through th e  d e te c to r . 

Further^  th e  e x i t  tube was r in se d  w ith  acetone and wiped c lean  befo re  

each t r a p  was secured in  p lace . As a  t r a p  was removed, a  10/30 male 

s tan d ard  tap e red  plug was qu ick ly  in se r te d  in  th e  en trance end of th e  

t r a p  and, w ith  th e  d ry ing  tube s t i l l  on th e  e x i t  end, th e  t ra p  was 

allow ed to  reach  room tem perature (hastened  by warming in  a stream  of 

w a te r ) , Then tfye d ry ing  tube was removed and another plug in se r te d  in  

i t s  p la c e .

.A f te r  th e  l iq u id  had drained  to  th e  bottom of the  tra p , th e  d es ired  

volume (u su a lly  0.100 m l.) of compound was withdrawn using  a 0 .2  ml. 

p ip e t te  graduated  to  0.005 m l., th e  ap p ro p ria te  amount (u su a lly  0 .11*0 

m l.)  o f p u r if ie d  carbon te t ra c h lo r id e  added, th e  in fra re d  spectrum  of 

th e  m ixture recorded and th e  percen t deuterium  determ ined u s in g  the 

c a l ib r a t io n  curve prepared fo r  th a t  hydrocarbon.

Exchange Experim ents

(a) A pparatus

An au to c lav e  of the  type used in  previous exchange re a c tio n s  ( 17) 

d id  n o t r e a d i ly  len d  i t s e l f  to  th e  sampling necessary  fo r  k in e t ic  

measurements nor d id  th e  tem perature c o n tro l seem adequate . A ccordingly, 

s e v e ra l c a ta ly s ts ,  tem peratu res and apparatus designs were s tu d ied  w ith  

th e  hope of f in d in g  n o t only a  more s u ita b le  re a c tio n  v e s se l ,  bu t 

optimum re a c t io n  co n d itio n s .

The v e s s e l  f i r s t  used co n s is ted  of a 50-ml. Erylenmeyer f la s k  w ith  

a  20-cm, West condenser sea led  to  th e  to p  of th e  f la s k .  The c a ta ly s t  

and hydrocarbon components were added through th e  top  of th e  condenser



which was f i t t e d  w ith  a  19/38 fem ale standard  tap ered  j o i n t .  A fte r  the  

a d d it io n  of th e  r e a c ta n ts ,  a male 19/38 s tandard  tap e red  jo in t  to  which 

a stopcock was a tta c h e d  was placed  in  th e  to p  of th e  condenser. 

P e r io d ic a lly ,  samples were removed from th e  f la s k  through a heavy 

w alled  c a p i l la r y  tu b in g  which en tered  th e  s id e  of th e  Erylenmeyer 

through a  r in g  s e a l .  One end o f th e  tub ing  extended to  w ith in  an 

e ig h th  inch  of th e  bottom of th e  f la s k ,  w hile  th e  o th e r  end le d  to  a 

th ree-w ay  stopcock. By th e  p roper m anipulation  of th i s  stopcock, th e  

v e s se l could be f lu sh ed  w ith  a stream  of dry argon befo re  or during  a 

run , th e  f la s k  could be evacuated , or a  sample could be withdrawn.. 

Temperature was re g u la te d  by p lac in g  th e  f la s k  in  a co n stan t tem perature 

b a th  th re e  inches deep, underneath  which was a Mag-Mix m agnetic s t i r r e r  

f o r  a g i ta t io n .

In th e  course o f t h i s  work, one hundred and n ine exchange re a c tio n s  

were a ttem p ted , th e  f i r s t  t h i r t y  being  done in  th e  appara tus d escrib ed  

above. A pprop ria te  c a ta ly s ts ,  tem perature ranges and hydrocarbons 

s u i ta b le  fo r  k in e t ic  experim ents were determ ined in  t h i s  ap p a ra tu s . 

U n fo rtu n a te ly , t h i s  re a c tio n  v e s se l  su ffe re d  from se v e ra l d isadvantages 

f o r  acc u ra te  k in e t ic  measurements. These included freq u en t plugging 

of th e  c a p i l la r y  tu b in g  w ith  c a ta ly s t  and th e  l im i ta t io n  th a t  tempera­

tu r e s  above th e  b o il in g  p o in t of any of th e  components o f te n  r e s u l te d  

in  th e  condensation  c f  th a t  compound in  th e  condenser th u s  reducing  

th e  p o s s ib i l i ty  of exchange w ith  th a t  hydrocarbon.

Because of th ese  d i f f i c u l t i e s ,  i t  was necessary  to  r e s o r t  to  sea led  

tubes f o r  th e  k in e t ic  experim ents. A ccordingly , segments of 1$ mm.
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Pyrex tub ing  e ig h t inches long sea led  a t  one end and w ith  a neck approx i­

m ately  8 nun. O.D. f iv e  inches from th e  sea led  end were p repared . The 

tu b es were d r ie d  a t  110° fo r  se v e ra l hours b efo re  u se . They were then  

a tta c h e d  to  th e  end of a t r a in  which could supply dry  argon (concen­

t r a te d  s u lf u r ic  a c id ,  potassium  hydroxide p e l le ts )  o r a vacuum, w ith 

s u i ta b le  stopcocks and mercury s a fe ty  v a lv e . The tube was su ccess iv e ly  

evacuated and f i l l e d  w ith  argon approxim ately  tw enty tim es to  in su re  

removal of w ater vapor and oxygen. A fte r  a f in a l  f i l l i n g  w ith  dry 

a rg o n , th e  tube was removed and tem p o ra rily  s toppered . The ap p ro p ria te  

amount of hydrocarbon m ixture was p ip e tte d  in to  th e  tube follow ed by 

th e  a d d itio n  of a p rev io u sly  weighed q u a n tity  of c a ta ly s t .  U sually  

i t  was n ecessary  to  cu t the  c a ta ly s t  in to  sev e ra l p ieces sc th a t  i t  

could e a s i ly  pass through th e  c o n s tr ic t io n  in  th e  tu b e . For the  

o ccasio n a l p iece  th a t  d id  ge t stuck  in  the  neck, a b ra ss  rod was used 

to  push th e  c a ta ly s t  in to  th e  main body of th e  tu b e . The tube was 

re tu rn e d  to  th e  argon t r a in ,  a s l ig h t  vacuum ap p lied  and th e  tube sealed  

o f f  a t  th e  c o n s tr ic t io n .

Temperature was c o n tro lle d  w ith in  ± 0 . ^ J using an in su la te d  m ineral 

o i l  bath  one fo o t in  d iam eter and one fo o t deep equipped w ith  two 2^0-  

w a tt k n ife  h e a te rs  and a b im e ta ll ic  s p i r a l  r e g u la to r .  Thorough, con tinu­

ous m ixing was accom plished by mounting th e  tubes on ex ten sio n  clamps 

which were a tta c h ed  to  one arm of a  Model BB, B u rre ll  ,rW rist-A ction” 

Shaker (B u rre ll  C orporation , P ittsb u rg h , P ennsy lvan ia). The tubes were 

f ix e d  a t  r ig h t  an g les  to  the  arms of th e  shaker and th e  c e n te r  of each 

tube moved in  an a rc  approxim ately  th re e  inches long and a l te rn a te d
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d ire c t io n  over one hundred tim es every tw enty seconds. The use of th ese  

sea led  tu b es  proved very  su ccess fu l and a l l  q u a n ti ta t iv e  r e s u l t s  were 

ob ta ined  u s in g  th ese  as re a c tio n  v e s s e ls .

(b) R eaction C onditions

S ev e ra l c a ta ly s ts  were in v e s tig a te d . A very  re a c tiv e  c a ta ly s t  was 

d e s ira b le  fo r  a llow ing  k in e t ic s  to  be measured a t  low tem pera tu res .

High su rface  sodium (IKS) on charcoal, and h igh  su rface  potassium  (H3P) 

on th e  sarnie support were t r i e d .  I t  was found th a t  exchange occurred 

w ith  HSP as  low as  65° ,  b u t u n fo rtu n a te ly  n e i th e r  of th ese  c a ta ly s ts  

was v ery  d isc rim in a tin g ,, ap p rec iab le  deuterium  occurring  on th e  arom atic 

r in g  as  w ell as th e  s id e  chain  as  shown by th e  appearance of in f ra re d  

bands a t  U-UO m icrons ( th e  a l ip h a t ic  C-D band appears n ear U .68 microns) 

(See F igure  1;). The c a ta ly s t  which was b e s t  su ite d  f o r  s id e -eh a in  

exchange proved to  be potassium  m etal which, a s id e  from being more 

e a s i ly  handled than  HSS or HSP, i s  a l iq u id  above 63°, a llow ing a f re s h  

su rfa ce  of c a ta ly s t  to  be c o n tin u a lly  exposed to  hydrocarbon during 

exchange. So th a t  rep ro d u c ib le  r e s u l t s  could be ob ta ined , samples of 

potassium  had to  be used which d id  no t d i f f e r  from one ano ther in  w eight. 

I t  was found convenient to  weigh th e  samples on a m agnetically-dam ped 

chaincm atic a n a ly t ic a l  b a lan ce . A weighing b o t t le  tw o -th ird s  f u l l  of 

potassium  m e ta l-d rie d  m ineral o i l  was weighed to  the  n e a re s t  m illig ram . 

Then a p iece  of potassium  roughly  th e  w eight d e s ired  was f re s h ly  cu t 

under d ry  hep tane , picked up w ith  fo rce p s , d rie d  w ith  absorbant paper, 

p laced  in  th e  m inera l o i l  in  th e  weighing b o t t l e  and th e  b o t t le  rew eighed.
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C = Cumene a f t e r  exchange w ith  ethylbenzene-da a t  100° 

fo r  6 hours over HSS.
Note the  appearance of two C-D bonds: arom atic C-D a t
U.UO^l and a l ip h a t ic  C-D a t  U.68>u.



This p rocess o f c u ttin g  and reweighing was repeated  u n t i l  th e  d e s ire d  

w eight of c a ta ly s t  was o b ta in ed . When i t  became necessary  to  c u t th e  

potassium  in to  se v e ra l p ieces to  make a d d itio n  to  th e  re a c tio n  tube 

e a s ie r ,  t h i s  c u t t in g  was lik ew ise  done under dry  hep tane, th e  m etal 

being  touched dry  w ith  absorban t paper befo re  being  placed in  th e  tu b e .

A nother f a c to r  which was s tu d ied  was th e  e f fe c t  of tem pera tu re . 

Experim ents were run u sin g  th e  v a rio u s  c a ta ly s ts  from 6£ - l? £ ° . In a l l  

cases h ig h e r tem pera tu res  re su lte d  in  an in creased  r a te  of deuterium  

exchange, b u t ,  u n fo rtu n a te ly , th e  r a te  of arom atic r in g  exchange 

in c reased  more ra p id ly  than  th e  r a te  of s id e  chain  exchange. The 

tem perature o f l£ 0° was f in a l l y  se le c te d  as a s u ita b le  tem perature fo r  

conducting th e  k in e t ic s  using  potassium  m etal as a c a ta ly s t  because 

th e  s id e  chain  exchange occurred a t  a d e s ira b le  r a te  w hile  th e  arom atic 

r in g  exchange was sm all.

(c) K in e tic  Procedure

For each k in e t ic  run a  stock s o lu tio n  co n ta in in g  the proper r a t io  

of hydrocarbon components was p repared . With th e  a id  of a 1 ml. p ip e tte  

graduated to  0 .01  m l., id e n t ic a l  volumes were placed in  each tube from 

t h i s  stock  s o lu t io n . Most of the k in e t ic s  were done by p reparing  ten  

tu b es  and a llo w in g  two tubes each to  r e a c t  a t  1^0° fo r  two, fo u r , s ix ,  

e ig h t and te n  h o u rs. At th e  designa ted  tim e, each tube was qu ick ly  

removed from th e  b a th , cooled fo r  a m inute in  a beaker of m ineral o i l  

a t  room tem p era tu re , then  cooled in  an ic e  b a th . A fte r  se v e ra l m inutes 

th e  tu b e , which was u s u a lly  covered in s id e  w ith  th e  deep-red c o lo r  

c h a r a c te r i s t i c  of the  o rganom etallic  formed, was opened and th e  deep-red



l iq u id  removed u s in g  a  m edicine dropper p u lled  bo a c a p i l la ry  and added 

to  1 m l. o f d i s t i l l e d  w ater in  a  30-ml. sep a ra to ry  fu n n e l. There was 

some re a c tio n  when th i s  was done, a lthough  u su a lly  no more than  a 

g e n tle  ev o lu tio n  o f hydrogen. When th i s  ev o lu tio n  had subsided (hastened  

by sw ir lin g  th e  fu n n e l) , th e  bottom yellow , aqueous la y e r  was withdrawn 

and th e  w hite  hydrocarbon la y e r  washed w ith  ano ther ml. of w ater.

A f te r  removal o f t h i s  aqueous phase, th e  rem aining c le a r ,  c o lo r le s s  

o rganic la y e r  was withdrawn through th e  to p  of th e  funnel w ith  a c a p il­

l a r y  m edicine dropper and p laced , to g e th e r  w ith  se v e ra l p ieces of 

D r ie r i t e ,  in  a  t e s t - tu b e  th re e  inches long co n stru c ted  from 8 mm. Pyrex 

tu b in g . The tube was stoppered w ith  a rubber serum b o t t l e  cap and 

la b e l le d .  The purpose of th e  serum b o t t l e  cap was th e  ease w ith  which 

one could withdraw th e  sample in to  a hypodermic sy ringe and in j e c t  i t  

in to  th e  Vapor F ractom eter fo r  s e p a ra tio n .
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RESULTS AMD DISCUSSION

S y n th e tic  Methods

O rdinary hydrocarbons which were needed fo r  th e  exchange ex p eri­

ments were e i th e r  ob ta ined  com m ercially or syn thesized  by methods 

rep o rted  in  the l i t e r a t u r e .  Samples of a lp h a -d eu te ra ted  hydrocarbons 

of known deuterium  co n ten t were a lso  necessa iy  fo r  p reparing  c a l ib r a t io n  

curves ( c o r r e la t in g  percen t deuterium  w ith  the  in te n s i ty  o f th e  C-D peak 

in  th e  In fra re d )  so t h a t  th e  amount of deuterium  exchanged could be 

de term ined ,

When i t  became apparen t th a t  .synthesis by red u c tio n  of th e  appro­

p r ia te  t e r t i a r y  c h lo rid e  w ith  lith iu m  aluminum d e u te rid e  and lith iu m  

d e u te rid e

r e s u lte d  in  poor y ie ld s  o f th e  d e s ire d  compound, ano ther ro u te  was 

sought. A method which appeared to  be su ite d  f o r  t h i s  purpose was 

cleavage of th e  corresponding  a-m ethyl e th e rs  w ith  an a lk a l i  m etal 

( to  form th e  o rganom etallic  compound) follow ed by h y d ro ly sis  w ith  

deuterium  ox ide.

LiAlD. (3)

C © K ©  - 5 4 O c -d  :k)

L
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This procedure proved to  be a p p lic a b le  fo r  a l l  th e  req u ired  compounds 

(se e  Table IV ).

During th e  p re p a ra tio n  of cumene-* by th i s  p rocedure, a paper 

appeared by R u sse ll (1+2) who, claim ed th a t  cumene prepared in  a  s im ila r  

manner (m ajor d if fe re n c e s  were sodium-potassium a l lo y  in s te a d  of 

potassium  only , e th e r  so lv en t r a th e r  than  heptane and deuterium  c h lo rid e  

in s te a d  o f  deuterium  oxide to  in tro d u ce  th e  deuterium ) con tained  O .2I4 

arom atic  deuterium  atoms per m olecule. He analyzed th e  cumene by high 

r e s o lu t io n  n u c le a r  m agnetic resonance, in f ra re d  and mass spectroscopy .

I t  th e re fo re  became n ecessary  to  e s ta b l is h  th e  p o s itio n  of th e  deuterium  

in  th e  d e u te ra te d  cumene prepared by th e  method described  in  th i s  

th e s i s  (Mass sp ec tro m etric  a n a ly s is  of fragm entation  peaJcs u n fo rtu n a te ly  

does no t a llow  one to  d is t in g u is h  r in g -  from alpha-deu terium  (1+3 )) -

Proof o f S tru c tu re  of Cumene-d^

The in f ra re d  spectrum  of our product showed e s s e n t ia l ly  no arom atic 

C-D band (U.U m icrons), bu t th e  spectrum  of R usse ll*s product a lso  

showed only  s l ig h t  arom atic C-D a b so rp tio n . In  o rder to  examine th i s  

band more c a re fu l ly ,  cumene-dp was prepared by th e  fo llow ing  scheme:

Br Br D

i-p ro p y l bromide 
A.1C1,

CH(CH3)

This product showed a s tro n g  arom atic C-D band a t  U.liO microns (see  

F ig u re  2 0 ). The percentage o f deuterium  in  the  cumene-d^. and cumene-dp
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TABLE IV

HELDS P D  DEUTERIUM ANALYSES OF HYDRO CARBONS PREPARED BY ETHER 
CLEAVAGE WITH POTASSIUM FOLLOWED BY HYDROLYSIS 

WITH DEUTERIUM OXIDE

Hydrocarbon
Y ield 

From E ther 
( Percent)

Mass Spectrom etric  A nalysis  
P ercen t d^ P ercen t dd

Cumene £7 82.6 17 .u

sec-B uty lb  enzene 6k U6.6 £3-U

2-Phenylpentane 6k 6U.1 35.9

3 -Phenylpentane $6 53.3 I46.7

2-M ethyl-3"phenylbutane 83 70.1 29.9

2 , 2 -d im ethy l-3 - phenjdLbutane £L.U U8.6

Note: Mass- sp ec tro m etric  analyses a re  w ith in  1% of ab so lu te  va lue  and 
show no b e ta ,  gamma or d e l ta  deuterium  atoms.

were e s s e n t ia l ly  id e n t ic a l  (8 2 ,6$ and 82,7$ re s p e c t iv e ly ) .  Aromatic 

deuterium  was e a s i ly  d isc e m a b le  in  m ixtures co n ta in in g  a 1:9 and 1 :1; 

r a t io  o f cumene-dp to  cumene-dg. (see  F igure $ ) . I t  i s  sa fe  to  conclude, 

th e re fo re ,  th a t  accord ing  to  in f ra re d  a n a ly s is ,  cumene-da  prepared by e th e r  

cleavage a s  d escrib ed  in  t h i s  th e s is  contained < 5$ arom atic  deuterium . 

Furtherm ore, a  sample of cumene-da  prepared by th e  fo llow ing  scheme 

0 D D
II T  t  A 111 I PRr1 I

CH3-C-CH3 ■ ■  ' CH3-C-CH3 ■ CH3-C-CH3 (6 )
OH Br
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F igure  In fra re d  s p e c tra  showing re ].a tiv e  ab so rp tio n  due to  a 
1 :9 and 1:1* r a t io  o f cumene-dp in  cumene-da- The arom atic C-D 
band (U.I4.O m icrons) roughly doubles in  in te n s i ty ,  in d ic a tin g  the  
absence of r in g -d e u te ra te d  m a te r ia l  in  th e  cumene-da  prepared by 
e th e r  c leavage-
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(and k in d ly  su p p lied  by A. S tre i tw ie s e r ,  J r . )  had an in f ra re d  spectrum  

e s s e n t ia l ly  id e n t ic a l  w ith  th a t  of th e  cumene-da prepared in  th i s  

la b o ra to ry .

The n u c lea r  m agnetic resonance sp e c tra  (see  F igure 6) a re  a lso  

c o n s is te n t  w ith  th e  s t r u c tu r a l  assignm ents based on in f ra re d . The C 

band (due to  m ethyl protons on th e  s id e  chain) i s  s p l i t  in  o rd in a ry , 

r in g -d e u te ra te d  and p-bromo cumene, b u t n o t in  th e  product from e th e r  

c leav ag e . This s p l i t t i n g  i s  due to  th e  a -p ro to n  in  th e  f i r s t  th re e  

compounds and, th e re fo re ,  only a  low (< 20%) percentage o f th e  ct-hydrogens 

in  th e  product from e th e r  cleavage can be pro tons; th e  r e s t  must be 

d eu te ro n s . Furtherm ore, a  B band, due to  th e  t e r t i a r y  pro ton  of th e  

s id e  ch a in , i s  t o t a l l y  absen t from th i s  m a te r ia l,  whereas i t  appears in  

the  o th e r  th re e  s p e c tra .

F in a l ly ,  cumene-da (from e th e r  cleavage) and cumene-dp were oxidized 

to  benzoic a c id .  U n fo rtu n a te ly , th e  reg io n  in  th e  benzoic a c id  spectrum 

from I4..U—ii-8 microns i s  n o t f re e  from in te r f e re n c e s .  A s tro n g  band a t  

J4.J4O microns a t t r ib u ta b le  to  arom atic C-D was observed, however, in  the 

benzoic a c id  ob tained  from cumene-dp. From th e  sp e c tra  of m ix tu res, 

one can conclude th a t  th e re  i s  l e s s  than  e ig h t p ercen t r in g  d e u te ra tio n  

in  th e  cumene-da.

A sample o f cumene-da (prepared  by e th e r  cleavage and a d d itio n  of 

deuterium  oxide) was sen t to  R usse ll who agreed th a t  i t  contained  l i t t l e  

o r no arom atic  deuterium . (For an ex p lan atio n  of th e  d iffe re n c e  in  

behav io r of deuterium  ch lo rid e  in  e th e r  v s .  deuterium  oxide, see 

re fe re n c e  5 7 0
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cumene p-bromocumene

cumene-d

F igure  6 . N uclear m agnetic resonance sp ec tra  of v a rio u s  cumenes. 
The lack  of s p l i t t i n g  of th e  C band and th e  t o t a l  absence of a  B 
band in  th e  spectrum  of cumene-da a re  r e s u l t s  e n t i r e ly  c o n s is te n t  
w ith  th e  s t r u c tu r a l  assignm ent. The A band i s  due to  protons on 
th e  arom atic r in g .



Preliminary Exchange Experiments

I n i t i a l  experim ents were w ith  ethylbenzene-d^ and diphenylm ethane, 

i t  b e ing  though t b e s t to  look fo r  la rg e  d iffe re n c e s  in  a c id i ty  f i r s t .

No exchange occurred under th e  co n d itio n s  employed, which included 

tem pera tu res  from 80-175°, r e a c tio n  tim es from 2-67 hours and th e  use 

o f potassium  m etal, h igh  su rface  potassium  (HSP) and high su rface  

sodium (HSS) a s  c a ta ly s ts .  This u n a n tic ip a ted  r e s u l t  was ap p aren tly  

caused by too  g re a t a  d iffe re n c e  in  a c id i ty .  The diphenylm ethyl an ion , 

resonance s ta b i l iz e d  by two arom atic r in g s , presumably was n o t su f-  - 

f i c i e n t l y  b a s ic  to  remove a  deuteron  from ethylbenzene.

0 * 0  ~ 0 - 0  * et°-
The nex t exchange a ttem p ts  were between ethylbenzene-da and cumene 

whose a c i d i t i e s  were expected to  be more comparable. Here a ls o , 

potassium  m eta l, HSP and HSS were used as  c a ta ly s ts .  A ppreciable 

exchange occurred  in  each case , both  in  th e  s t i r r e d  re a c to r  and in  

sea led  tu b e s . U n fo rtu n a te ly , th e  s e l f  exchange of e thy lb  enz ene-da  i s  

d i f f i c u l t  to  an a ly se  q u a n t i ta t iv e ly  w ith  in f ra re d . I t  was decided 

th e re fo re  to  r e s t r i c t  th e  study to  hydrocarbons co n ta in in g  only one 

b en zy lic  (a lp h a) hydrogen and to  a llow  two non-deu tera ted  hydrocarbons 

to  compete f o r  th e  deuterium  in  a  t h i r d .  Because of th e  ex tensive  

deuterium  exchange w ith  th e  arom atic r in g  when HSS and HSP were used 

(se e  F igure 10, potassium  m etal was used as  th e  exchange c a ta ly s t  in  

a l l  a d d it io n a l  experim ents. F u r th e r , because of th e  reasons l i s t e d  in
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th e  Experim ental s e c tio n , use of th e  re a c tio n  f la s k  was d isco n tin u ed  

and sea led  tu b e s  used in  a l l  subsequent re a c t io n s .

The com petition  between cumene and sec-bu ty lbenzene fo r  th e  

deuterium  in  e th y lb  enz ene-da , u sing  potassium  m etal as c a ta ly s t ,  was 

e x te n s iv e ly  s tu d ie d . I t  was found th a t  w hile  r in g  exchange a t  130-1^0° 

was on ly  s l i g h t ,  th e  r a te  o f s id e  chain  d e u te ra tio n  was a lso  re ta rd e d  

compared to  h ig h e r tem p era tu res . Most k in e t ic s  were th e re fo re  c a r r ie d  

out a t  150° ,  a tem peratu re  which ,gave m easurable exchange r a te s  in  

reaso n ab le  tim es ( te n  hours) b u t s t i l l  was s u f f ic ie n t ly  low to  make 

r in g  d e u te ra tio n  a minor s id e  re a c tio n .

The e f f e c t  of u s in g  e thy lb  enz ene-d^ compared w ith  cumene-da as  a 

source of deuterium  was s tu d ie d . R eactions in  which sec-buty lbenzene 

competed w ith  2-m ethyl-3-phenylbutane u s in g  e thy lb  enz ene-da  in  one case 

and cumene-da in  th e  o th e r  were run u sin g  id e n t ic a l  tem peratu res and 

amounts o f c a ta ly s t .  I t  was found th a t  more r in g  d e u te ra tio n  occurred 

w ith  cumene-da than  w ith  ethylbenzene-da* A lso, s id e -ch a in  d e u te ra tio n  

proceeded 30-50$ f a r th e r  w ith  e thy lb  enz ene-da ^ a n  w ith  cumene-da (see  

F igure 7 ) .  These r e s u l t s  might have been a n tic ip a te d  because th e  

in d u c tiv e  e f f e c t  of th e  a d d it io n a l  m ethyl group in  cumene would make 

i t s  a lpha hydrogen l e s s  a c id ic  th an  those  in  e thy lbenzene. This means 

t h a t  an a lpha-deu terium  atom in  ethylbenzene, being more l a b i l e ,  would 

be more r e a d i ly  exchanged than  one in  cumene. The f a c t  t h a t  exchanges 

u s in g  cumene- r e s u l t  in  more r in g  d e u te ra tio n  in  th e  competing 

hydrocarbons i s  probably  lik ew ise  r e la te d  to  th e  decreased  a c id i ty .

Bryce-Sm ith (5)» who s tu d ie d  th e  m e ta lla tio n  re a c tio n  between cumene
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F igure  7* In fra re d  sp e c tra  i l l u s t r a t i n g  th e  dependence of 
exchange on th e  deuterium  source. sec-B utylbenzene and 
2-m ethy l-3-phenylbu tane were allow ed to  compete fo r  th e  
deuterium  in  ethylbenzene-da ( s o l id  l in e )  and cumene-da 
( d o tte d  l i n e ) .  Exchanges w ith  cumene-da re s u l te d  in  more 
deuterium  in  th e  r in g  (U -U0 microns) and le s s  in  th e  s id e  

.ch a in  (U.68 m icrons) .
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and e th y l  potassium , found th e  para  and meta hydrogens in  cumene tc  be

more e a s i ly  removed th an  th e  a lp h a . He in te rp re te d  th i s  a s  meaning

th a t  th e se  r in g  p o s itio n s  were more a c id ic . C orrespondingly , the  

dim ethyl phenyl carbanion  formed from cumene, being  more b a s ic  than  th e  

corresponding  io n  from ethy lbenzene, might e a s i ly  e x tr a c t  an arom atic 

hydrogen from sec-buty lbenzene or 2-m ethyl~3-phenylbutane. The r e s u l t ­

in g  carban ion  could a tta c k  ano ther molecule of cumene-da to  form th e

product w ith  r in g  deuterium . This sequence of re a c tio n s  i s  shown below.

For th e  k i n e t i c ' experim ents, th en , e thy lb  enz ene-da was used as  th e  

source of exchangeable deuterium .

K in e tic  Experim ents

K in e tic s  were follow ed by a llow ing  exchange re a c tio n s  to  run in  

sea led  tu b es  f o r  v a r io u s  periods o f tim e, then  analyz ing  fo r  th e  per­

cen t deuterium  in  th e  o r ig in a l ly  n o n -d eu te ra ted  components u s in g  

q u a n t i ta t iv e  in f r a r e d .

d b  0  (10)
CH3

ch3
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The hydrocarbons s tu d ied  corresponded to

R
/

CH
\

where th e  a lk y l  groups were:

R

CH3
ch3
ch3
ch3
ch3

c2h5

^2^5
n -C a ^
i- C a ^
t-C 4HQ
c2h5

ch3

In  one experim ent,' phenyl cyclopropane was examined in  com petition

a f t e r  10 h o u rs ) , b u t th e  phenylcyclopropane could n o t be recovered j i t  

a p p a re n tly  polym erized as  evidenced by a  lo s s  in  l iq u id  volume and th e  

p roduction  o f co n s id e rab le  b lack , t a r r y  re s id u e . A lthough phenylcyclo­

propane does n o t appear amenable to  study  by th i s  method, i t  i s  p o ss ib le  

t h a t  phenylcycloalkanes w ith  la r g e r  r in g s  could be so s tu d ie d .

I t  was d e s ir a b le  to  dem onstrate t h a t  no rearrangem ents o r o th e r 

s id e  re a c tio n s  occurred d u rin g  an exchange run . A f te r  th e  q u a n ti ta t iv e  

in f r a r e d  sp e c tra  o f th e  r e a c ta n ts  from th e  sample o f maximum re a c tio n  

tim e were reco rd ed , th e se  so lu tio n s  were d ilu te d  from th e  1:1.1* volume 

r a t io  to  a  1:20 r a t io  of hydrocarbon to  carbon te t r a c h lo r id e  and th e  

in f ra re d  sp e c tra  examined from 2.0-11*.5 m icrons. These were compared

w ith  cumene fo r  th e  deuterium  in  e thy lb  enz ene-d^. A fte r  8-10 hours 

over potassium  a t  150°, th e  cumene had exchanged as expected (12 .9#-da
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■with the  s p e c tra  of th e  o rd in a ry  hydrocarbons. In  no case was any 

change no ted  o th e r  than  th o se  caused by th e  s u b s t i tu t io n  of deuterium  

i n  th e  m olecule . A lso , a ub lank” run  was c a r r ie d  out between sec- 

buty lbenzene and 2 ,2 -d im e th y l-3~ phenylbutane u s in g  potassium  m etal and 

o rd in a ry  ethy lbenzene. The in f ra re d  sp e c tra  of bo th  th e  sec-bu ty lbenzene 

and th e  2 ,2-dim ethyl-3 '-ph enylbutane a f t e r  exchange were id e n t ic a l  w ith  

th o se  b e fo re  exchange.

The amount of c a ta ly s t  and th e  co n cen tra tio n  of th e  re a c ta n tsP
a f fe c te d  th e  a b so lu te  r a te s  o f exchange. The u su a l q u a n t i t ie s  used in  

each se a led  tube were: 0.0051 mole (0.20 g .)  of potassium  m etal,

0.00286 mole o f each o rd inary  hydrocarbon and from 0.350 ml. (0.00285 

mole) to  0.600 ml. (O.OOU93 mole) of ethy lbenzene-da. As might be 

a n t ic ip a te d ,  th e  r a te  of exchange was not a s  g re a t when a sm alle r m olar 

r a t i o  o f c a ta ly s t  was used, a lthough  th e  r e la t iv e  r a te s  were s t i l l  

s im ila r  (see  Table V). F u rth e r , i t  was d iscovered  th a t  a l t e r in g  th e  

molar r a t i o  o f th e  two competing hydrocarbons re s u lte d  in  a  decrease 

in  th e  percen t deuterium  exchanged, a lthough  th e  t o t a l  number of moles 

o f-deu terium  exchanged remained approxim ately  co n stan t see Table V I).

W ith in  a  given exchange ru n , th e  w eight o f potassium  m etal in  each 

sample v a r ie d  no more th an  2-3# and th e  volumes of hydrocarbon were 

w ith in  1-2# of each o th e r . The p re c is io n  to  which the  q u a n ti ta t iv e  

in f r a r e d  could  be in te rp r e te d  was ± 0 .2#  deuterium .

Table VII l i s t s  t h e . r e s u l t s  of a k in e t ic  run in v o lv in g  com petition  

between cumene and sec-bu ty lbenzene . The rem aining k in e t ic  runs a re  

given in  th e  Appendix. F igure  8 shows th e  p ro g ressiv e  appearance of 

th e  C-D peak d u rin g  t h i s  exchange.
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F igure 8 . A lip h a tic  C-D s tr e tc h in g  region  showing p rogressive  
in crea se  o f deuterium content during a com petition  r ea c tio n  
between cumene and sec-b u ty lb en zene u sin g  ethylbenzene-da as 
deuterium  sou rce , potassium  m etal as c a ta ly s t  and 15>0 as 
r ea c tio n  tem perature. (These data are tab u la ted  in  Table VII . )
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C a lc u la tio n  of Rate C onstants

The r a t e  co n s ta n ts  were c a lc u la te d  u sin g  th e  v a lu es  f o r  deuterium  

exchange found in  Tables VII and XI-XV. The o v e r -a l l  equation  fo r  

in i t i a l ,  exchange of equim olar q u a n ti t ie s  of two hydrocarbons (RH and 

R*H) w ith  a  th i r d  co n ta in in g  deuterium  (R”D) may be w r i t te n :

RH

(100 -  x.)

+ R"D

R*H 

(100 -  y)

where

x = p ercen t o f RD a t  tim e t

y  = p ercen t of R* D a t  tim e t

100 -  x  = p ercen t of RH a t  tim e t

100 -  y  = p ercen t o f R*H a t  tim e t

The f i r s t  o rd er k in e t ic  equation  (I4I4.) ,

2.303 -i 100 
k “ " t  g 100 -  %l

+ R"H

where %D i s  e ith e r  x  or y  was used fo r  th e c a lc u la t io n  o f the rea c tio n  

r a te  co n sta n t, k , fo r  each exchange.

Tables VIII  and IX l i s t  th e values' obtained from t h is  equation , 

to g e th er  w ith  th e va lu e  o f each run as determined by th e l e a s t  squares 

s lo p e  (Uj?) o f  lo g  jlOO/lOO-$D) versu s tim e fo r  cumene and se c -b u ty l­

benzene. Corresponding ta b le s  fo r  th e  other exchanges may be found



65

in  th e  Appendix. F igure 9 shows a  ty p ic a l  l e a s t  squares p lo t .

In most c a se s , samples f o r  d u p lic a te  p o in ts  were run  a t  th e  same 

tim e to  be assu red  of equal exchange c o n d itio n s . In one in s ta n c e , 

however, two se p a ra te  runs were made se v e ra l weeks a p a r t ,  each c o n s is t­

in g  o f f iv e  samples (2 , U, 6, 8 and 10 h o u rs ) . These d a ta  a re  in

Tables T i l ,  V III and DC. The average r a te  co n stan ts  f o r  cumene were
. - e  . _ 6  _  6

5-27 x 10 and 5*39 x  10 and fo r  sec-bu ty lbenzene, 2.1$ x  10 and
-6

2.39 x 10 . I t  i s  apparen t t h a t  th e  r a te  co n stan ts  were f a i r l y

rep ro d u c ib le .

Table X l i s t s  th e  r e la t iv e  r a te s  of exchange fo r  a l l  hydrocarbons 

s tu d ie d , a  v a lu e  of 1 .00 being  assig n ed  to  the  hydrocarbon w ith  the  

slow est exchange r a t e  (2 ,2 -d im eth y l-3 -p h en y lb u tan e).

Mechanism

Any adequate in te r p r e ta t io n  of th e  d a ta  assembled in  th e  p re se n t 

in v e s t ig a t io n  would be supplemented by a  knowledge of th e  re a c tio n  

mechanism (I4.6) . S everal d i f f e r e n t  mechanisms of m e ta la tio n  have been 

advanced in  re c e n t y e a rs , th e  main d if fe re n c e  being  th e  r e la t iv e  

im portance of th e  ro le  p layed by th e  a l k a l i  m eta l. From t h e i r  p h y s ica l 

p ro p e r tie s  i t  appears th a t  a lk y l-  and a ry l-p o tassiu m  compounds a re  

p o la r  and behave as u n d isso c ia te d  io n -p a ir s  (1 ) .  Morton ,'h7”5 l)  has 

v is u a l iz e d  s id e -c h a in  m e ta la tio n  of a lk y la ro m a tics  as an e le c t r o p h i l ic  

p rocess  where th e  lead in g  r o le  was th a t  o f th e  a lk a l i-m e ta l  c a tio n , 

th e  an ion  a id in g  b u t re le g a te d  to  a  minor p a r t .  In t h i s  in te r p r e ta t io n  

th e  r e s id u a l  p o la r i ty  o f th e  m etal c a tio n  a t t r a c t s  th e  e le c tro n s  of 

th e  carbon-hydro gen covalen t bond in  th e  s id e  ch ain , th u s  lo o sen in g  th e
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TABLE V III

FIRST ORDER. RATE CONSTANTS FOR DEUTERIUM TRANSFER TO CUMENE 
IN COMPETITION WITH see-BUTYLBEN?ENE 

(Deuterium  sou rce : ethylbenzene-d^; c a ta ly s t :  potassium
m eta l; tem pera tu re : l5 0 ° l  re a c tio n  v e s s e l:  sea led  tu b es .

Data c a lc u la te d  from Table V II.)

Sample
Time' 

( s e c .)
Percent

D
Log

(100/100-^D) (xlO
k i

6) (se c . )

1 0 0 — —

2 7200 2.5 0.01098 3.51
\ /

y 7200 3-0 0.01322 U.23

k llUiOO 8.2 0.03715 5 >9k

f 1U400 7.0 0.03153 5.0U

6 21600 11.2 0,05158 5.50

7* 21600 12.2 0.05652 6.10

8 28800 16. £ 0.07831 6.26
\ r

r 28800 15. h 0.07262 5.81

10 36000 16.8 0.07986 5-11

11"' 36000 18.7' 0.08991 5.75

Average 5.33 ±  0.68

L east Squares Slope 5 . $

"These were run two weeks a f t e r  th e  even-numbered samples.
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TABLE U

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO sec-BUTYLBENZENE
IN COMPET' IT ION WITH CIJMENE 

(Deuterium  source: ethylbenzene=-da j c a ta ly s t :  potassium  m etal; 
tem pera tu re : 150 ; re a c t io n  v e s s e l:  sealed  tu b e s . Data c a lc u la te d

from Table V II.)

Sample
Time 

( s e c .)
Percent

D
Leg 

( lOO/lOO-^D)
k 1 1 

(xlO6) (se c . )

1 0 0 — —

2 7200 1.9 O.OO83I4. 2 . 6 /

3* 7200 1 .6 0.00702 2.25

k ll^OO 3.9 0.01728 2. / 6
V/

r lUUoo 2.6 0 .0111& 1.83

6 21600 U.3 0.01907 2.03
\ t

T 21600 5 .8 0.02596 2.77

8 28800 7.2 0.032L.6 2.60
t./

9" 28800 /•5 0.03387 2.71

10 36000 8.2 0.03715 2.38

11" 36000 8.3 0 .0 3 /6  3 2 .1i l

Average 2 .UU ± 0.26

L east Squares Slope 2 .!©

"'"These were run two weeks a f t e r  th e  even-numbered, sam ples.
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TABLE T

RELATIVE DEUTERIUM EXCHANGE PATES CALCULATED FPOM 
LEAST SQUARES SLOPES 

( 2 ,2-d im ethyl-3-phenylbutane = l.OO)

Number Hydrocarbon R e la tiv e  Exchange Rate

1 2 ,2-d im ethyl-3-phenylbutane 1.00

2 2-m ethyl-3- phenylbutane 1.90

3 3 - phenylpentane 1.96

k 2 -phenylpentane 6.91

5 sec-bu ty lbenz ene 8.13

6 cumene 18.9

pro ton  which i s  th en  rece iv ed  by th e  anion in  a  ’’p u sh -p a ll11 type of 

r e a c t io n .  This i s  i l l u s t r a t e d  below u sin g  Morton*s n o ta tio n  of a  heavy 

arrow  in d ic a t in g  a  m ajor fo rce  (R, R^ and R2 a re  a lk y l groups):

E le c tro p h il ic  a t ta c k  by o rg an o a lk a li reag en ts  was explained  by Morton

w ith  t h i s  mechanism.

Bryce-Sm ith (5 ) ,  on th e  o th e r  hand, has suggested th a t  th e  anion

i s  th e  more im portan t sp ec ies  and v is u a l iz e s  a  te t r a p o la r  t r a n s i t io n

s ta t e  where th e  fu n c tio n  of th e  m etal c a tio n  i s  purely  e l e c t r o s t a t i c ,
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th e  d r iv in g  fo rc e  fo r  the  re a c tio n  being  th e  energy d if fe re n c e  between

c a rb an io n s« This concept i s  i l l u s t r a t e d  below:

R'
T ?  C
Kl^ C  -  H

*•2 R,

+ RH
( 12 )

r X e n -

Bryce-Sm ith has termed th i s  type of s u b s t i tu t io n  " p ro to p h i l ic ," invo lv ­

in g  th e  removal of a  pro ton  in  th e  ra te -d e te rm in in g  s te p .  This i s  to  

be d is tin g u ish e d  from a  n u c leo p h ilio  s u b s t i tu t io n  in v o lv in g  RK which 

would in v o lv e  a t ta c k  on.carbon by R w ith subsequent removal o f a 

hydride  io n . As a t e s t  of t h i s  mechanism, Bryce-Smith (£2) s tu d ied  

th e  m e ta la tio n  of deuterobenzene and t o l u e n e - b y  e th y l potassium .

He found th a t  protium  was rep laced  by potassium  more ra p id ly  than  

deuterium , in d ic a t in g  th a t ,  indeed , th e  b reak ing  of th e  carbon-hydro gen 

bond i s  im portan t in  th e  ra te -d e te rm in in g  s te p . He f u r th e r  p o in ts  out 

th a t  th e  r a te  of m e ta la tio n  a t  a given p o s itio n  i s  r e la te d  to  th e  

a c id i ty  o f the  hydrogen which i s  rep laced . O bjections ra ise d  by Bryce- 

Smith to  Morton® s proposed scheme inc lude  th e  f a c t  th a t  th e  m etal 

c a tio n  r e ta in s  th e  same e le c tro n ic  c o n fig u ra tio n  a f t e r  r e a c tio n  as 

b efo re  and th a t  an e le c t ro p h i l ic  a tta c k  by the  m etal c a tio n  i s  no t in  

agreement w ith  th e  ex tensive  m e ta -su b s titu tio n  ob tained  in. th e  m etal­

a t io n  of cumene by ethy lpo tassium  nor w ith  th e  f a c t  th a t  a lk y l groups 

appear to  d e a c tiv a te  th e  r in g  to  s u b s t i tu t io n .

In  an a ttem pt to  do away w ith  th e  o b jec tio n s  of Bryce-Sm ith,

Morton (1*7,53) supplemented h is  prev ious mechanism w ith  an a l te r n a t iv e  

ro u te ,  th e  re a c tio n  co n d itio n s  determ ining  which process would
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predom inate . This a d d it io n a l  p a th  invo lves th e  concept of a  r a d ic a l-  

p a ir  a s  opposed to  an io n -p a ir .  H e re ,.th e  f i r s t  s te p  i s  assumed to  be 

th e  d is s o c ia t io n  of th e  o rg an o a lk a li s a l t  (w ith  th e  hydrocarbon 

co o rd in a ted  on th e  ca tio n )  in to  two r a d ic a ls ,  follow ed by the removal 

o f th e  most a c id ic  hydrogen in  th e  hydrocarbon by atomic a lk a l i  m eta l. 

The p rocess  i s  te rm in a ted  by acceptance of t h i s  hydrogen atom by th e  

a lk y l  r a d ic a l .  This sequence i s  shown in  th e  fo llow ing  equations:

(13)

R2 r 2
R l" C : H Ri - c ;0  K ©

RH

+ H*
( i U )

H- + R- -----> RH (15)

Morton po in ted  out th a t  t h i s  a l te r n a t iv e  process i s  in  agreement w ith  

th e  removal of a  pro ton  in  th e  ra te -d e te rm in in g  s te p . This mechanism 

i s  regarded  by Bryce-Sm ith (5U) as  un tenab le  s in ce  Morton d id  n o t supply 

d i r e c t  experim ental evidence fo r  f re e  ra d ic a ls  and because of o th er 

c o n f l ic t in g  ev idence.

R egardless of which mechanism i s  c o r re c t ,  both  in v e s t ig a to rs  agree 

t h a t  th e  r e l a t iv e  ease o f m e ta la tio n  a t  any given p o s itio n  i s  a  func­

t io n  of th e  a c id i ty  of th e  hydrogen being  d isp lace d , o r , s ta te d  ano ther 

way, th e  s a l t  o f th e  s tro n g e s t ac id  should be formed. With t h i s  f a c t  

in  mind, th e  p re se n t in v e s t ig a t io n  was undertaken in  an attem pt to
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c o r r e la te  th e  r e l a t iv e  a c id i ty  of c e r ta in  hydrocarbo ac id s  w ith  th e i r  

s t r u c tu r e .

S e v e ra l p ro cesses  a re  ev id en t in  th e  exchange re a c tio n s  s tu d ied  

(17) : (1) th e  i n i t i a l  a t ta c k  of th e  c a ta ly s t  on an a lpha  hydrogen to

form th e  o rg a n o a lk a li compound, (2) th e  exchange re a c tio n  between a 

hydrocarbon and a  carbanion  an d /o r (3 ) exchange between inorgan ic  

h ydride  and. an a lk y la ro m a tic . Only by th e se  paths can th e  observed 

products be r a t io n a l iz e d .

The f i r s t  s te p , a t ta c k  by c a ta ly s t ,  may be v isu a liz e d  as  fo llow s:

The hydrogen (o r  deuterium ) atom formed can e i th e r  u n i te  w ith a second 

hydrogen (o r  deuterium ) atom to  form hydrogen gas, o r w ith  an atom of 

potassium  to  form potassium  hydride (o r  d e u te r id e ) .  As has been 

p rev io u sly  m entioned, a t ta c k  occurs on th e  alpha carbon due to  

resonance s t a b i l i z a t io n  of th e  r e s u l t in g  benzyl carban ion .

The n e x t l i k e ly  process i s  th e  t r a n s f e r  o f an alpha pro ton  (o r 

deu teron) from a  hydrocarbon to  a  carbanion r e s u l t in g  in  a new, le s s  

b a s ic  carban ion  and le s s  a c id ic  hydrocarbon. This i s  i l l u s t r a t e d  below:

(16)
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A consequence o f path  (17) i s  th a t  i f  equal co n cen tra tio n s  of carbanions 

of d i f f e r e n t  b a s i c i t i e s  ( i . e .  a ,a~dim ethylbenzyl and a -e th y l-n -m e th y l-  

benzy l) were to  compete f o r  a  source of deuterium  ( i . e .  e thy  lb  enz ene-da ) ,  

th e  l e s s  a c id ic  hydrocarbon formed (presum ably, sec-bu ty lbenzene) should 

a c q u ire  deuterium  more ra p id ly , o th e r f a c to rs  being  equal.

A nother p o ss ib le  path  f o r  exchange i s  th e  d i r e c t  a t ta c k  of a 

d e u te rid e  io n  on th e  a lpha  hydrogen of a  hydrocarbon, as in d ic a te d :

U n fo rtu n a te ly  a t  th e  p re sen t tim e, re a c t io n  (18) cannot be d e f in i te ly  

ru le d  out a s  a  p o ss ib le  p rocess (although  th e re  i s  l i t t l e  precedence 

f o r  t h i s  type  of r e a c t io n ) . I t  seems probable th a t  t h i s  path  would 

lik e w ise  be a  measure o f th e  hydrocarbon a c id i ty ,  le a d in g  to  th e  same 

r e s u l t s  as  s te p  (17) ( th e  l e s s  a c id ic  hydrocarbon exchanging w ith  

deuterium, a t  a  f a s t e r  r a t e ) .  I t  w i l l  be assumed in  fu r th e r  d iscu ss io n  

t h a t  exchange occurs predom inantly according  to  (1 7 ) . A ll th re e  paths 

a re  c o n s is te n t  w ith  f i r s t - o r d e r  k in e t ic s .

From a  c o n s id e ra tio n  of th e  e l e c t r i c a l  e f f e c ts  o f th e  v a rio u s  

a ,a -d ia lk y l .  groups on th e  hydrocarbons s tu d ie d , q u a l i ta t iv e  p re d ic tio n s  

a s  to  th e  o rd e r o f r e la t iv e  a c id i ty  can be made. The o rder o f d ecreas­

in g  e le c tro n  re p u ls io n  ( in d u c tiv e  e f f e c t )  i s  -C(CH3 )3 > -CH(CH3) 2 > 

-CH2CH3 > -CH3 . This le a d s  to  an o rder of d ec reasin g  r e la t iv e  

a c id i ty  a s  fo llo w s: cumene > sec-bu ty lbenzene -  2-phenylpentane >

3-pheny lpen tane and 2-m ethyl-3-phenylbu ta r e  > 2 ,2 -d im ethy l-3 -pheny lbu tane.

+ H® (18)



I f  s te p  (17) xs th e  ra te -d e te rm in in g  one, th e  deuterium  exchange r a te s  

should in c re a se  in  th e  o rder of d ecreasin g  a c id i ty .  The r e s u l t s  obtained  

a re  com pletely  rev e rsed  from t h i s  o b se rv a tio n , th e  o rder o f d ecreasing  

r a t e s  p a r a l le l in g  th a t  o f p red ic te d  d ec reasin g  a c id i ty .

The observed r e s u l t s  can, however, be ra t io n a liz e d  by assuming 

th a t  s te p  (16) ,  i n i t i a t i o n  of th e  exchange by c a ta ly s t ,  i s  r a te -  

d e te rm in in g . This seems e n t i r e ly  reasonab le  from th e  f a c t  decreasing  

th e  amount o f c a ta ly s t  decreased th e  r a te  o f exchange. F u rth e r , i t  i s  

f e l t  t h a t  t h i s  s te p  i s  d i r e c t ly  r e la te d  to  th e  a c id i ty  of th e  hydrogen 

d isp la c e d , th e  more a c id ic  hydrogen being  more e a s i ly  removed ''r e s u l t in g  

in  a  h ig h e r c o n ce n tra tio n  of th e  l e s s  b a s ic  ca rb an io n ). This b e l ie f  

i s  s im ila r  to  Robert®s (8) assum ption th a t  th e  r a te  co n s ta n ts  fo r  

removal o f p a r t ic u la r  hydrogens in  a c id s  of s im ila r  s tru c tu r e  a re  

r e la te d  to  t h e i r  eq u ilib riu m  io n iz a t io n  c o n s ta n ts , Ha­

l t  w i l l  be noted  th a t  th e  s t e r i c  requirem ents o f th e  hydrocarbons 

s tu d ied  in c re a se  w ith  decreasin g  a c id i ty .  Because of t h i s ,  i t  might 

be argued t h a t  th e  decrease  in  r a te  o f deuterium  exchange i s  due so le ly  

to  a s t e r i c  f a c to r .  I f  s te p  (16) (a t ta c k  by a  potassium  atom) i s  th e  

ra te -d e te rm in in g  s te p  a s  p o s tu la te d , s te r i c  c o n s id e ra tio n s  would be 

expected to  p lay  a l e s s  dominant r o le  than  i f  path  (17) (a t ta c k  by a  

carban ion) were th e  c o n tro ll in g  s te p . I t  i s ,  however, d i f f i c u l t  to  

d iy o rce  th e  s t e r i c  f a c to r s  from any of th e  p rocesses which may be ta k in g  

p la c e . B ryce-Sm ith (5) s tu d ie d  th e  com petitive m e ta la tio n  r e a c t io n  of 

cumene and e thy lpo tassium  and assigned  th e  o rder of d ecreasin g  r e la t iv e  

a c id i ty  to  th e  hydrogens on cumene para  > meta. > a lpha  > ortho  > -> b e ta .
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These r e s u l t s  a re  no t com patible w ith  th o se  ob ta ined  by deuterium  

exchange where s u b s t i tu t io n  occurred alm ost e x c lu s iv e ly  in  th e  alpha 

p o s it io n . Bryce-Sm ith*s r e s u l t s  may be due to  se v e ra l f a c to r s ,  some 

o f which a re  n o t d i r e c t ly  r e la te d  to  th e  a c id i ty .  One i s  t h a t  th e  

e th y l ca rban ion , being  v e iy  b a s ic , i s  n o t a s  d isc r im in a tin g  a s  a  

potassium  atom when d isp la c in g  a  hydrogen. T herefore , th e  lik e lih o o d  

of p ro ton  rem oval from th e  r in g  i s  g r e a te r .  Secondly, th e  s te r i c  

requ irem ent o f th e  e th y l carbanion (probably  fu n c tio n in g  as  an  io n - 

p a i r  w ith  th e  potassium  cati.on) i s  co n sid e rab ly  g re a te r  th an  a 

potassium  atom . This would tend  to  reduce th e  p ro b a b ili ty  o f a t ta c k  

in  th e  a lp h a  p o s it io n  and y e t  have l i t t l e  e f f e c t  on th e  meta and para 

p o s i t io n s .

The i n i t i a l  a t ta c k ,  equation  (16 ), need n o t invo lve f re e  r a d ic a ls ,  

th e  p rocess  v e ry  l i k e l y  being  concerted  where th e  hydrogen atom being 

ex p e lled  i s  a ided  by a  second potassium  atom. This may be p ic tu re d  as 

shown: _  _

The re a c t io n  most probably  occurs on th e  su rface  of th e  l iq u id  potassium  

m e ta l.

F u r th e r  s tudy  on t h i s  problem might h e lp  to  e lu c id a te  th e  mechanism. 

A more ex ten s iv e  in v e s t ig a t io n  in to  the  e f f e c t  v ary ing  amounts of 

c a ta ly s t  produce on th e  r a te  o f exchange would be of v a lu e  in  th e

R2 
T? *_^C fH, Ri q0  K0

f 2K — >



76

es ta b lish m en t of s te p  (16) as  ra te -d e te rm in in g . The q u es tio n  of 

w hether th e  hydrogen atom d isp la c e d  in  th e  i n i t i a l  a t ta c k  forms hydrogen 

gas o r potassium  hydride  could be reso lv ed  by a n a ly s is  f o r  hydrogen gas. 

A nother t e s t  f o r  th e  p o s tu la ted  mechanism would be th e  a d d itio n  of 

d e u te r id e  io n  to  th e  re a c t io n  m ix tu re . The r a te  should n o t change 

(p rov ided  th e  t o t a l  source of deuterium  was co n s tan t) i f  path  (16) i s  

ra te -d e te rm in in g , whereas i f  (18) were invo lved , a r a te  in c rease  would 

be observed .

In  co n c lu s io n , i t  i s  f e l t  th a t  th e  r e la t iv e  r a te s  ta b u la te d  in  

Table X re p re s e n t th e  r e l a t iv e  a c i d i t i e s  o f th e se  hydrocarbons as 

measured by deuterium  exchange over potassium  m eta l.

D suterium  exchange as  a  method fo r  m easuring a c id i ty  can be 

extended to  in c lu d e  a wide v a r ie ty  of compounds. Those p a r t ic u la r ly  

s u ite d  a re  hydrocarbons co n ta in in g  b en zy lic  hydrogens. An in te r e s t in g  

s e r ie s  of compounds to  study might be a lk y la ro m a tic s , such as cumene, 

mono- o r d i - s u b s t i tu te d  in  th e  v a r io u s  r in g  p o s itio n s  by groups which 

would no t r e a c t  w ith  potassium , b u t would be expected to  in flu en c e  th e  

a c id i ty .  The t e r t - b u ty l  and phenyl groups a re  two such s u b s t i tu e n ts .

The s p e c ia l  advantage such a system o f fe r s ,  a t  l e a s t  when th e  ortho  

p o s it io n s  a re  u n s u b s ti tu te d , i s  t h a t  th e  s te r ic  requirem ents o f a l l  

compounds in  t h i s  s e r ie s  ( i . e .  r in g  s u b s t i tu te d  cumenes) would be th e  

same.

A nother in te r e s t in g  com petitive  exchange re a c tio n  would be t h a t  

of to lu e n e  and cumene u s in g  e th y  lb  enz ene-dG a s  th e  deuterium  so u rce . 

Toluene i s  th e  most a c id ic  and cumene th e  l e a s t  a c id ic  of th e  th re e
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hydrocarbons. Because of t h i s ,  th e  co n c en tra tio n  o f benzyl carbanions 

p re se n t in . th e  re a c t io n  m ixture should exceed those  of a -pheny lisop ropy l 

c a rb an io n s, im plying th a t  to lu e n e  would exchange f a s t e r .  The deuterium  

exchange between ethylbenzene-da and th e  anion  from cumene would be 

expected to  proceed norm ally , th e  d r iv in g  fo rce  being  th e  fo rm ation  

o f th e  l e s s  b a s ic  carban ion  (a-pheny l e th y l)  and th e  l e s s  a c id ic  hydro­

carbon (cumene). E qu ilib rium  should be on th e  r ig h t  s id e  of th e  

eq u a tio n  below:

However, in  o rd er fo r  exchange to  occur between ethylbenzene-d^ and the  

an ion  from to lu en e  th e  exchange in v o lv es  th e  p roduction  of th e  more 

b a s ic  an ion  (a -  phenyl e th y l) and th e  more a c id ic  hydrocarbon ( to lu e n e ) . 

E qu ilib rium  here  should l i e  on th e  l e f t  o f th e  fo llo w in g  equation :

A study  of th e se  r a te s  might show th a t  in  t h i s  re a c tio n , path  (17) 

(deu terium  exchange) becomes ra te -d e te rm in in g  f o r  to lu en e  w hile  cumene 

i s  s t i l l  dependent upon s te p  (16) (a tta c k  by po tassium ). The n e t 

r e s u l t  may be t h a t  cumene would have th e  g re a te r  o v e r -a l l  exchange r a t e  

in  s p i te  o f th e  f a c t  th a t  i t  i s  l e s s  a c id ic .  This would provide an 

in te r e s t in g  t e s t  o f th e  proposed mechanism.

■CHCH,
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SUHMA.RX

1 . A general s y n th e tic  ro u te  to  a lp h a -d e u te ra ted  a lk y la ro m a tic  

hydrocarbons was developed. This Involved cleavage of th e  a p p ro p ria te  

a ry la lk y l  m ethyl e th e r  w ith  potassium  m etal and h y d ro ly s is  o f th e  

r e s u l t in g  o rganom eta llic  w ith  deuterium  ox ide . Compounds prepared by 

t h i s  method con ta ined  l i t t l e  o r no deuterium  on th e  arom atic r in g .  The 

fo llo w in g  hydrocarbons were syn thesized  u s in g  th i s  procedure: cumene-d^, 

sec -b u ty lb en zen e-d c , 2- phenylpentane-da, 3-phenylpen tane-da, 2-m ethy l- 

,3-phenylbutane-d<x and 2 ,2 -d im ethy l-3 -pheny lbu tane-da . These s tandards 

were anaJ.yzed mass sp e e tro m e tr ic a lly  and th en  used fo r  p reparing  

c a l ib r a t io n  curves from which unknown amounts o f deuterium  could be 

de term ined .

2 . A gas chromatography ap p ara tu s  was adapted  so t h a t  sm all volumes 

o f hydrocarbon m ix tures could be sep ara ted  w ith  n e a r -q u a n ti ta t iv e  

reco v ery  o f th e  in d iv id u a l components.

3 . A lk y la ro m a tics , when hea ted  in  th e  presence of a s u ita b le  

c a ta ly s t  such as  potassium  m eta l, may exchange hydrogens on th e  carbon 

a lpha to  th e  arom atic  r in g .  This re a c t io n  was in v e s tig a te d  as  a 

p o s s ib le  method f o r  determ in ing  th e  r e la t iv e  a c id i ty  of hydrocarbons.

The tech n iq u e  involved m easuring th e  r e la t iv e  r a t e s  a t  which two hydro­

carbons compete fo r  th e  deuterium  in  a  th i r d .

J4. In  p r e l im in a r y  experim ents, th e  e f f e c ts  o f s e v e ra l c a ta ly s ts ,  

tem p era tu re  ran g es , re a c t io n  v e s s e ls  and compound ty p es  were s tu d ie d .

The exchange r a t e s  v a ried  d i r e c t ly  w ith  th e  amount o f c a ta ly s t  and a lso
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depended upon th e  molar r a t io  o f  th e  hydrocarbon r e a c ta n ts . C onditions  

most s u ita b le  fo r  k in e t ic  experim ents in vo lved  h ea tin g  two hydrocarbons 

w ith  ethylbenzene-d^  fo r  vary in g  tim es a t  l 50° in  sea led  tu bes u sin g  

potassium  m etal a s  th e  c a t a ly s t .

5 .  F ir s t  order r a te  con sta n ts  were obtained from, p lo ts  o f  lo g  (100 / 

1 0 0 -^D) v s .  t ,  when %D was th e  mole percent o f  deuterium in  th e hydro­

carbon a t  tim e t .  The order o f  decreasin g  r e la t iv e  exchange r a te s  was 

found to  be: cumene, 18 .9 j sec-b u ty lb en zen e, 8 .1 3 j 2-phenylpentane,

6*91j 3 -p henyl pentane, 1.96,5 2 -m ethy]-3  -  phenylbutane, I . 9O5 2 ,2 -d im eth y l-  

3 - phenylbutane, 1 .0 0 .  This order p a r a l le ls  th a t o f p red icted  a c id it y

o f  th e se  compounds.

6 . A mechanism i s  proposed which accommodates th e  r e s u lt s  obtained. 

This in v o lv es  a ra te-d eterm in in g  a tta ck  by potassium  on th e  most a c id ic  

hydrogen o f each compound to  form th e organopotassium s a l t  fo llo w ed  by 

deuterium  tr a n s fe r  between th e  carbanion o f an organom etallic  and a  

deu terated  hydrocarbon m olecu le . Both s te p s  are b e lie v e d  to  depend on 

th e  a c id i t y  o f  th e  hydrocarbons.

7 . In  m iscellan eou s experim ents, diphenylmethane d id  not exchange 

protium fo r  deuterium  w ith  ethylbenzene-dtt under a v a r ie t y  o f c o n d it io n s . 

An exp lan ation  fo r  t h is  i s  o ffe r e d . An attem pted com petition  r e a c tio n  

between cumene and phenylcyclopropane under th e  exchange co n d itio n s  

r e s u lte d  in  deuterium  tr a n s fe r  to  cumene but polym erization  o f phenyl­

cyclopropane .
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F ig u re  10 . P ercen t deuterium  co n ten t of m ix tures of 
cumene and cumene-d^ in  carbon te t r a c h lo r id e  v s . 
o p t ic a l  d e n s ity  a t  k.6j? m icrons. (C o n cen tra tio n  of 83
hydrocarbon = 2.97 M.)
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F ig u re  1 1 . P ercen t deuterium  co n ten t o f m ixture of 
3“ phenylpentane. and 3~phenylpentane~dG in. carbon t e t r a ­
c h lo r id e  v s .  o p t ic a l  d e n s ity  a t  1+.68 m icrons. 
(C o n cen tra tio n  of hydrocarbon = 2.1+0 M.)
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F ig u re  12 , P ercen t d eu te riu m 'co n ten t of m ixtures of 
2 -phenylpentane and 2-phenylpentane-da in  carbon t e t r a ­
c h lo r id e  v s .  op tica l, d e n s ity  a t  U*67 m icrons. 85
(C o n cen tra tio n  of hydrocarbon = 2.39 M.)
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F ig u re  13 . P ercen t deuterium  co n ten t o f m ixtures of 
2-m ethyl-3“ phenylbutane and 2-m ethyl-3~phenylbutane-da 
in. carbon te t r a c h lo r id e  v s ,  o p t ic a l  d e n s ity  a t  U-70 
m icrons, . (Concent r a t  io ii of hydrocarbon = 2.1+2 M.)
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F ig u re  l l ; .  P ercen t deuterium  co n ten t o f m ix tu res of 
2 ,2~dim ethyl-3~phenylbutane and 2 ,2 -d im eth y l“3**phenyl- 
bu tane-d^  in  carbon te t r a c h lo r id e  v s .  o p t ic a l  d e n s ity  
a t  1±.69 m icrons. (C oncen tra tion  of hydrocarbon = U*l6
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P ercen t Deuterium
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TABLE XI

COMPETITION BETWEEN CUMENE AND sec-BUTYLBENZENE^
(0 .10  g . potassium  m e ta l, l£ 0  , 1.200 m3., stock  so lu tio n '' per ampoule)

Time Potassium Percen t Deuterium Exchanged
Sample ( h r s .) Weight (g .) Cumene sec-B utylbenzene

1 2 0 . 10U 0 .7 1 .1

2 h 0.103 5 .3 2.2

3 6 0.096 10 .1 U*9

k 8 0.102 11.0 . U.6

5 10 O.lOii 1U.2 6.3

■ftStock so lu tio n *  I . 8I4.O ml. e thy lbenzene-da  ̂ 2.100 ml. cumene 
2 .3I4.O m3.. sec-bu ty lb en zen e .
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TABLE X II

COMPETITION BETWEEN sec-BUTYLBENZENE AND 3 -  PHENYL gENTANE 
(0 .2 0  g. potassium  m eta l, 1$0 , l .I |0 0  m l. stock  s o lu t io n ' per ampoule)

Sample
Time 

( h r s .)
Potassium  

W eight ' ( g . )
P ercen t Deuterium Exchanged 

s ec-B utylb enz ene 3-Phenylpentane

1 2 0.209 2 .1 0 .7

2 h 0.199 3 .7 0.9

3 b 0.20$ b . l 0.9

b 6 0.20k 6.0 1-5

$ 6 0.20U 5 .6 l . k

6 8 0.20$ 6 .6 1 .7

7 8 0.207 6.7 1 .7

8 10 0.199 8 .6 2.0

9 10 0.207 8.3 2 .1

"Stock so lu tio n : $.00  ml. ethylbenzene-dc , U.U70 ml. se c -b u ty l­
benzene, )+ .9$0 ml. 3 -pheny lpen tane .
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TABLE X III

COMPETITION BETWEEN sec-BUTXLBENZENE AND 2-PHENYL PENTANE
(0 ,2 0  g. potassium  m eta l, l £0 , 1 .L.00 ml. s tock  s o lu t io n ' per ampoule)

Sample
Time

( h r s .)
Potassium  

W eight (g .)
P ercen t Deuterium Exchanged 

&*Butylb enz ene 2-Phenylpentane

1 2 0.206 3 ,0 2.6

2 2 0.208 1,9 1 .8

3 h 0.203 1*,0 3 . It

h k 0.201 U.3 3.7

£ 6 0.201 6,£ 6 .1

6 6 0.200 6,2 £ .6

7 8 0.206 8,0 6.8

8 8 0.202 8.3 7-0

9 10 0.203 8,7 7 .1

10 10 0.206 7 .8 6.7
• — —

^Stock s o lu tio n ; £.000 m l. e thy lbenzene-da , It.£70 ml. se c -b u ty l­
benzene, k ' 9 60 m l. 2-p h en y lp en tan e .
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TABLE XIV

COMPETITION BETWEEN sec-BUmBENZENE AND 2-METEYL-3-PgENYLBUTJ\NE
(0 .20  g. potassium  m eta l, 150 , 1 -ljli.0 ml. s to ck  so lu tio n '' per ampoule)

Time Potassium P ercen t Deuterium Exchanged
Sample ( h r s . ) Weight (g .) sec-vBb.tylbenz ene 2-M ethyl~3-phenylbu tan e

1 2 0.201; 2.2 0 .8

2 3 0.203 3-5 0 .6

3 k 0.203 3.9 0 .9

It 6 0.201 6.2 1 .5

5 6 0.205 6 .0 1*7

6 8 0.201; 7.2 1*9

7 10 0.205 9*7 2.1*

8 10 0.207 8.5 1 .9

9 15 0.200 12 .1 3-0

10 20 0.205 15*2 3 .7

"’'S tock  s o lu tio n : 5*500 ml. e th y lb e n z en e -d ^  1;.917 ml. sec -
buty lbenzene j 5*390 ml. 2 -m ethy l-3"phenylbu tane.
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TABLE X7

COMPETITION BETWEEN sec-BIJTTLBENZENE AND 2 ,2 -DIMETHYL-3- PHENYLBUTANE
(0 .2 0  g. potassium  m eta l, 150° , 1 .^ 0 0  ml. s tock  s o lu t io n ' per ampoule)

Sample
Time

( h r s .)
Potassium  

W eight (g .)
P ercen t Deuterium Exchanged

sec- Bu ty lb  enz ene 2.,2-D im ethyl-3~phenyl- 
butane

]. 2 0.299 3 .0 o.h

2 2 0.300 2 .6 0 .3

3 k 0.298 U.7 0 .6

k h 0.302 J4.8 0 .7

5 6 0.303 6 .6 0 .8

6 6 0.301 6 .6 0 .8

7 8 0.306 7.8 0 .9

8 8 0.301 7.8 0 .9

9 10 0.303 9 .1 1.0

10 10 0.302 7.8 1.3

"Stock s o lu tio n ; 6.000 m l. e thy lbenzene-c^ ; I4,.^470 ml. sec-
buty lbenzene ; 3 .1 8 0  ml. 2 , 2-d im eth y l-3-p h en y lb u tan e .
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TABLE XVI

FIRST ORDER. RATE CONSTANTS FOR DEUTERIUM TRANSFER TO CUMENE 
IN COMPETITION WITH sec-BUTYLBENZENE 

(Data c a lc u la te d  from Table X I.)

Sample
Time 

( s e c .)
P ercen t 
. D

Log
(100/100-^D) (x io "

e k i  _ i
) {s e c . )

1 0 0 . — —

2 7200 0.7 0.00303 0.97

3 1UI4OO £.3 0.02366 3.78

h 21600 10.1 0 .0i|622 b'93

5 28800 11.0 0.05061 U.05

6 36000 1U.2 0.06651 I4.26

Average 3.60 ± 1.05

L east Squares Slope 1*011
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TABLE XVII

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO 
sec-BUTYLBENZENE IN COMPETITION WITH CUMENE 

(Data c a lc u la te d  from Table XI)

Sample
Time 

( s e c .)
P ercen t

D
Log

(100/100-gD)
_ 1

(xlO6) ( s e c .  )

1 0 0 ----- -----

2 7200 1 .1 0.001+79 1.53

3 ll+Uoo 2.2 0.00966 1.55

k 21600 k-9 0.02181 2.33

5 28800 1+.6 0 .0201+1+ 1.63

6 36000 6.3 0.02825 1 .81

Average 1 .77 ± 0.21+ 

L e ast Squares Slope 1.82,
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TABLE XVIII

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO
sec-BUTXLBENZENE IN COMPETITION WITH 3 -PHENYLPENTANE

(D ata c a lc u la te d  from Table X II)

Sample
Time

( s e c .)
Percen t

D
Log

(100/100-#D) (xlO6
k i  -1  

) (se c . )

1 0 0 ----- -----

2 7200 2.1 0.0092U 2.96

3 1)|)|00 3 .7 0.01636 2.62

k HUiOO I4. I 0.01820 2.91

5 21600 6.0 0.02686 2.86

6 21600 5 .6 0.02502 2.67

7 28800 6 .6 0.02967 2.37

8 28800 6.7 0.03011 2 . la

9 36000 8 .6 0.03906 2.50

10 36000 8.3 0.03763 2.U1

Average 2.5U ± 0.20

L east Squares Slope 2-S l
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TABLE XIX

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO
3-PHENXLPENTANE IN COMPETITION WITH sec-BUTYLBENZENE

(Data c a lc u la te d  from TABLE XII)

Sample
Time 

( s e c - )
P ercen t

D
Log

(100/100-^D) (xlO
e k i  .1  

) ( s e c . )

1 0 0 ---- —

2 7200 0 .7 0.00303 0.969

3 lUUoo 0 .9 0.00393 0.629

k U |)|00 0 .9 0.00393 0 .6  29

5 21600 1 .5 0-00655 O.698

6 21600 l.U 0.00612 0.653

7 28800 1 .7 0 .007U5 0.596

8 28800 1 .7 0.007U5 0.596

9 36000 2.0 0.00877 0.561

10 36000 2 .1 0 .0092U 0.591

■ Average 0.658  ± 0.078

L e ast Squares Slope 0.6*7



97

TABLE XX

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO
sec-BUTYLBEN2ENE IN . COMPETITION WITH 2-FHENYLPENTANE

(Data c a lc u la te d  from Table X I I I )

Sample
Time

( s e c ,)
P ercen t

D
Log 

(100/100- %D) (xlO
-1

6) ( s e c .  )

1 0 0 ---- ----

2 7200 3.0 . 0.01322. U.23

3 7200 1.9 0.00877 2.81

k lUUoo U-0 0.0177U 2,8U

5 lUUoo J4.3 0.01907 3.05

6 21600 6.5 0.02818 3.01

7 21600 6.2 0.02780 2.96

8 28800 8.0 0.03623 2.90

9 28800 8.3 0.03763 3.01

10 36000 8.7 0.039^3 2.^3

13. 36000 7.8 0.03£27 2.26

Average 2.96 ± 0.29

L east Squares Slope 2 . J 1
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TABLE XXI

FIRST ORDER RATE' CONSTANTS FOR DEUTERIUM TRANSFER TO
2 -PHENYLPENTANE IN COMPETITION WITH sec-BUTYLBENZENE

(Data c a lc u la te d  from Table X III)

Sample
Time 

( s e c .)
Percent

D
Log

(100/100*#D)
„ i

(xlO6) ( s e c . )

1 0 0 ----- -----

2 7200 2.6 0 .011HU 3 -66

3 7200 1 .8 0.00788 2.52

h liUiOO 3 . h 0.01502 2 .J4O

5 lUHoo 3 .7 0.01636 2.61

6 21600 5 .6 0.02502 2.67

7 21600 6 .1 0.02735 2.92

8 28800 6.8 0.03060 2.U5

9 28800 7.0 0.03153 2.52

10 36000 6.7 0.02911 1.86

11 36000 7.1 0.03197 2.05

Average 2,57 ± 0 .32 

L east Squares Slope 2.91
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TABLE XXII

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO
sec-BUTYLBEN?,ENE JN COMPETITION WITH 2-METHYL-3-  PHENXLBUTANE

(D ata c a lc u la te d  from Table XIV)

Sample
Time

( s e c .)
P ercen t

D
Leg

(100/ 100- ^D) (xlO
k i  « i

6) ( se c . )

1 0 0 ----- -----

2 7200 2.2 0.00966 3-09

3 10800 3-5 0.015U9 3.30

h ihkOO 3.9 0.01728 2.76

5 21600 6 .2 0.02780 2.96

6 21600 6.0 0,02686 2.86

7 28800 7.2 0.032L.6 2.60

8 36000 9-7 0.05530 2.83

9 36000 8.5 0.03858 2.57

10 514000 12 .1 0.05603 2.39

11 72000 15-2 0.07159 2.29

Average 2.76 ± 0 .25

L east Squares Slope

CM
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TABLE XXIII

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO
2-METHYL-3- PHENILBUTANE IN COMPETITION WITH sec-BUTYLBENZENE

(Data C a lcu la ted  from Table XIV)

Sample
Time 

( s e c .)
P ercen t

D
Bog k x 

(100/100-^D) (xlO 6) ( s e c .  )

1 0 0 — -----

2 7200 0 .8 0.00350 1.120

3 10800 0 .6 0.00260 0.551+

1+ DillOO 0,9 0.00393 0.629

5 21600 1 .5 0.00655 0.698

6 21600 1 .7 0 .0071+5 0.791+

7 28800 ■1.9 0 .0083I+ 0,667

8 36000 2.1+ 0.01055 0.675

9 36000 1.9 0 .0083U 0.531+

10 51+000 3 .0 0.01322 0.561+

11, 72000 3.7 0.01636 0.523

Average 0.676 ± 0 . H 8

L east Squares Slope o . S t f
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TABLE' IX17

FIRST ORDER RATE CONSTANTS FOR DEDTERHJM TRANSFER TO
sec-BUTYLBENZENE IN COMPETITION WITH 2 ,2-DIMETHYL-3“ PHENYLBUTANE

( Data c a lc u la te d  from Table XV)

Sample
Time

( s e c .)
Percent

D
LoS k i  _ i  

(100/100-^D) (xlO6) (se c . )

1 0 0 ---- -----

2 7200 2.6 o . o n J j J i 3.66

3 7200 3.0 0.01322 U.23

h 1UU00 ' U.7 0.02090 3.3U

5 1UU00 lw8 0.02135 3.U2

6 21600 6 .6 0.02967 3.16

7 21600 6 .6 0.02967 3 .16

8 28800 7.8 0.03527 2.82

9 28800 7-8 0.03527 2.82

10 36000 9 .1 0 .0lpJi3 2.65

11 36000 7.8 0.0352-7 2.26

Average 

L east Squares Slope

3.15 ± 0.U3
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'BIBLE XXV

FIRST ORDER RATE CONSTANTS FOR DEUTERIUM TRANSFER TO
2,2-DIMETHYL-3-PHENYLBUTA.NE IN COMPETITION WITH sec-BUTYLBENZENE

(Data c a lc u la te d  from Table XV)

Sample
Time 
(sec.)

Percent
D

Log
(ioo/iqo-$d )

_i
(xlO6) (sec. )

1 0 0 — ------

2 7200 0.1* 0 .00171* 0.557

3 7200 0 .3 0.00131 0.1*17

1* 114*00 0 .6 0.00262 0.1*18

5 114*00 0 .7 0.0030£ 0.1*88

6 21600 0 .8 0.0031*9 0-372

7 21600 0 .8 0.0031*9 0.372

8 28800 0 .9 0.00393 0.3H*

9 28800 0 .9 0.00393 0.311*

10 36000 1 .0 0.001*3 6 0.279

11 36000 1.3 0.00568 0.361*

Average 
Least Squares Slope

0.390 ± 0P65 

0 .3& )
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