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INTRODUCTION

Phe i1- - a c t i o n  o r  sa t u r a t e d  a i l  >h a t l c  t e r t i a r y  a . l c o n o i s  

w i t h  b e n z e n e  ana oha-noi i n  t h e  p r e s e n c e  o r  a luminum c h l o r i d e  

Das been  i n v e s t i g a t e d  i n  t h i s  l a b o r a t o r y  by ? r o r e s s o r  Hus ton  

a na  c o w o r h e r s  t h r o u g h  t n e  octy.L a l c o h o l s .  The y i e l d  o r  t h e  

e x m e t e d  c o n d e n s a t i o n  n r o a u c t  h a s  oeen  f o u n d  t o  oe ,  i n  g e n e r 

a l  , b e t t e r  wit .n pn e n o i  t n a n  w i t n  o - n z e n e .

n e g i n n i n x  ?;i. Hi t e e  vrxc-:: i i  Hus ton  ana  Hr iedernann { 1 ) i n  

iU.Lt>,, a l l  ‘. v o m e r s  nave  r e p o r t e d  1 r agmen t a t  i o n  t o  some d e g r e e .  

L'his f r a g m e n t a t i o n  ha s  o~en g r e a t e r  wi t h  h i g h l y  b r a n c h e d  a l -  

c o n o L a , v / i t h  a r e s u l t i n g  1  ow y i e I d  o r  t h e  e x 9 e c t e a  t e r t i a r y  

a i x y l o - n z e n e .

i n  r e c e n t  y eu.r s , an e x t e n s i v e  s t u d y  ox t h e  p r o d u c t s  

f o rmed  d u r i n g  f r a g m e n t a t i o n  ha s  oeen  made.  Hus ton  a n a  

nw u ao a ra  12) s t u d i e d  t e e  f o r m a t i o n  o i  u n s a t u r a t e d  compounds  

a n a  o r  c h l o r i - a e  c o m p l e x e s  d u r i n g  t h e  c o n d e n s a t i o n  o r  d i -  

i s o p r o p y I m e t h y l  and  d i - i s o o r o p y l e t h y l  c a r b i n o i s  w i t h  b e n z e n e  

i n  t h e  p r e s e n c e  oi' a l uminum c t n o r i u e .  i i u s to n  a n a  b a r r e t t  {3)  

c o n s t r u c t e d  a f r a c t i o n a t i n g  co lumn w i t h  s o e c i a i  p r o p e r t i e s  

i n  o r d e r  t o  b e t t e r  s e p a r a t e  and s t u d y  t h e  compounds  fo rm ed  

pu r i ne :  t n e  0 o n a e n s a t i o n  of  d i m e t h y l  t e r t i a r y  o u t y  < o s r u l n o  1 

w i t h  b e nz e n e  i n  t h e  p r e s e n c e  o f  a luminum c h l o r i d e .

i t  was t h e  p u r p o s e  o f  t h i s  I n v e s t i g a t i o n  t o  s t u d y  f u r 

t h e r  t h e  f r a g m e n t a t i o n  u o o u r r i n g  when t e r t i a r y  a l c o h o l s ,  

w i t h  a v a r y i n g  d e g r e e  o f  b r a n c h i r i g  on t h e  c a r b o n  a tom a d j a 

c e n t  t o  t h e  h y d r o x y l  c a r b o n ,  we re  c o n d e n s e d  w i t h  b e n z e n e  In 

t h e  p r e s e n c e  o f  a luminum c h l o r i d e .



2 .

HISTORICAL

A l k y l b e n z o n e s  mny be p r e p a r e d  oy n u m e r o u s  m e t h o d s .  Kaye 

( 4 )  an d  o t r i e r  w o r k e r s  i n  t h i s  l a o o r a t o r y  h a v e  g i v e n  an e x c e l 

l e n t  r e v  lev; o f  t h e s e  m e t h o d s .  C a l l o w a y  ( 5 ) a l s o  h a s  r e 

v i e w e d  t h e  1 1 r - f i e l d  o f  t h e  Kr - i ede l  and  C r a f t s  r e a c t i o n  

and  t h o s e  r e l a  t e d  t o  i t .  I t  i s  t h e  p u r p o s e  o f  t  h i  s b r i e f  r e -  

v i D:; t o  r e c a l l  th-,:‘ g- n ^ r v i  m e t h o d s  o s  t i r -y  v/ere d e v e l o p e d  

h i s t o r i c a l l y  and t o  u i r i t  o u t  t  n o s e  c:- _-s  -where w o n d e r s  p a r 

t i c u l a r l y  o b s e r v e d  s i d e  r  eac  t  i  o n s , e s p e c i a l l y  when compounds  

w i t h  a ’ s t r a i n e d 1 a l p h a  c a r b o n ,  s u c h  a s  t e r t i a r y  c o m u o u n d s , 

comoound s w i t h  b n n c Vi i n g  a t  t h e  a i ono  c a r o o n , o r  u n s a t u r a t e d  

c sin s o u n d s ,  we re  eoncr-n a n  w i t h  sis a r o m a t i c  n u c l e u s .

C e r h a r d t  -;nd hah  ou r s  (fc) or  e p.areo cumene  oy t n e  c i s t 1 i -  

.Lot ion ;>r par-.a c u r i o  -icLa wi t n  on i c i u m  o r  ncr iurn o x i c i e .  

bumone was a l s o  p r e p a r e d  Oy Lieomann ( 7)  f r om o e n z s l  a i ~  

c h l o r i d e  and  d i m e t h y l  z i n c ,  w n i i e  o a b a t i e r  a n a  co-workers

pr  p a r a d  i t  oy .p-.r s i n g  t n e  v a p o r s  -or t e r p ^ n e s  vr i tn  ny-  

cl rogon ov--r n l c x e i  a t  ppO-poO c e y r - e s  c e n t  i e r o d e ,

t he  de ;.r i o x y i a . t i o n  i e a c t i o n  was u sed  by P u l v e r r n a c h e r  

( 1 0 )  t o  p r e p a r e  2 - p h e n y l p e n t a n e  by d i s t i l l i n g  a  m i x t u r e  o f  

a l p h a ,  a l p h a  d i e t h y l h o m o p h t h a l i c  a c i d  a n h y d r i d e ,  c a l c i u m  

o x i d e  and sod ium h y d r o x i d e .

The ' lur t z  r e a c t i o n  was u s e d  by bchramrn ( 1 1 )  t o  p r e p a r e  

s e c o n d a r y  b u t y l b e r z e r e  f rom e t h y l  i o d i d e  a nd  a l p h a  brorno-  

e t h y l  b e n z e n e . The 3 - r i g n a r d  r e a c t i o n  was u s e d  by b p a t h  ( 12 )  

t o  p r e p a r e  3 - p h e n y l  p e n t a n e  f rom e th y l r n a g n e s i u r n b r o m i d e  and  

1 - ororao - 1  - pheny  1  p r o p an e ; .
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The a 1 lev1 b en z en e r- h a v e  been  p r e p a r e d  by t h e  r e d u c t i o n  o f  

t.e - h r  h a l o - a n  s u b s t i t u t e d  d e r i v a t i v e s  w i t h  sod ium ( 1 3 ) j and  

by t ' v ;- r e d u c t i o n  o f  k-* t o n e s ,  a c i d s ,  and k e t o a c i d s  w i t h  h y d r o -  

-••-n i n t h ‘-> o r ° ,::,n c o f  n 1 c k e l  ( I d )  »

I t  i  e i n  t ^ r ° s t i n  •••• t o  n o t e  i n  pa s  s i  " g ,  t h a t  one  o f  t h e

r- n o t i o n s  d u r i n g  t h -  i n i t i a l  o b s e r v a t i o n s  o f  t r i e d e l  and 

G r a f t s  ( 15 )  was t h e  f o r m a t i o n  o f  l o n g  c h a i n  a l k y l  h s l i d e s  

q a o r  ac -< r  b on s wiv'ti arnvl c h 1  o r  i  d e wo. t r  ea-t ed w 1 t  h t h i n  

■ l uminu:h  s t r i p  s .  ?'■ I • f i r s t  r - • A c t i o n  v.n-- a l l  '-'Viatic arid r e 

m a i n e d  urr lcvulop-r-e i 'or f i f t y  y :: a r s  whl ie- f i r  c o n c e p t  p r e 

v a i l " !  t h a  f In-:- r ’r i n d e l  on cl G r a f t s  r  eno t i u n  was c o n f i n e d  t o  

r  O'1"- ‘ i ca . l  1 y pound - y d r  u.g^n.

Of t h e  v a r i o u s  met  . e ^  s t a r e d  a o o v e ,  t h e  G r i a n a r d  r e -

e o f i o n  i s  o n ,;' o f  t h e  f  ~w m e t h o d s  t h a t  e l v e s  a c u r e  a l k y l — 

b---nz '-n--- i n  good y l e i i  ? . t h i s  m e t ho d  he s b e - n  u s e d  by h i n g e s  

t o  p r e o a r e  many o f  t h •- a 1  k y l b •'n z e n a s  ( 1 6 ) .  Levene  and  b a r k e r  

e l s e  made u s e  o f  ths- l r i g r : a r G  r e a c t i o n  t o  o b t a i n  compounds  

-with, . o p t i c a l  a c t i v i t y  ( 1 7 ) . ,  . . . . . . . . .  . . . . . .  ...

p e r h a p s  t h e  mos t  w i d e l y  u s e d  and more  d i r e c t  m e t ho d  I s  

t h "  c o n d - n s a t  i. on r u c t i o n  w h e r e i n  on a l k y l  h a l i d e ,  a l c o h o l ,  

t'-T'-r, s s t - r , o l e f i n ,  o r  n n p h t h e n e  i s  combined  w i t h  an a . ro-

m a t i c  n u c l e u s  i n  t h e  pres-poo-- o f  some c a t a l y t i c  a p a r t .  The

c o n d e n s a t i o n  a , c e n t s  i n c l u d e  t i n e  c h l o r i d e ,  s u l p h u r i c  a c i d ,  

h y d r o g e n  f l u o r i d e ,  b o r o n  f l u o r i d e ,  h y d r o g e n  c h l o r i d e , and

a luminum c h l o r i d e .  A l t h o u g h  t h i s  method  h a s  t h e  a d v a n t a g e

o f  b - ' i ng  r a p i d  and  i n  m o s t  c a s e s  w i l l  g i v e  a good y i e l d ,  i t  

o f t e n  h a s  t h e  d i s a d v a n t a g e  o f  g i v i n g  o t h e r  p r o d u c t s  w h i ch  

fo rm  m i x t u r e s  d i f f i c u l t  t o  s e p a r a t e  f rom t h e  main  p r o d u c t .
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P r o f e s s o r  Hus ton  and c o w o r h e r  3 oi' to  i s  l a b o r a t o r y  hav e  

f o e  u s c d t h ' - ' i r  a t t e n t i o n  on t h e  c o n d e n s a t i o n  o f  v a r i o u s  a l c o 

h o l s  w i t h  a r o m a t i c  n u c l e i  i n  t h e  rr<: ?;■ ne e  o f  a luminum c h l o r 

i d e ,  o,nd t h e  are-, t e r  p a r t  o f  t h t:* work  i n  t h i s  f i e l d  h a s  

b'?--n a c c o m p l i  sh e d  by t hem.  T h i s  r e a c t i o n  was u s e d  f i r s t  by 

Mef (18 )  i n  1397  t o  p r e p a r e  d i  oh e n y 1  ir. e t  h a  n o f rom o e n z y l  a l 

c o h o l  and b e n z e n e , and v i e  r e p e a t e d  oy H u s to n  ar,d F r i edemanr .

(1 )  i n  19 16 .  T hes e  w o r k - r s  r e s o r t e d  o t h e r  p r o d u c t s  f o rmed 

d a r i n y  the- r~: a c t i . a  . i i - i - l g r  r - a c t i o n s  Ssv - a i v e n  d i -  and 

f  r  i  ~ s u. 0 s 111 u t  e benzene- s a s  r a i l ,  a s  an any 1 a lk ane . s  p r o b a o l y  

formed by a s o l i t t i n y  p r o v e s s .

I n  1933  Hus ton  and  J a . v i s  ( 1 9 )  n o t e d  t h a t  t h e  t e r t i a r y  

a l e  oh . i l ,  t r i p h e n y l  c i r o i n - 1 , r a v e  t r  i  pheny lm e t  h a r  e when c o n -  

: - n - °d  w i t s  h-' -nzen■=■ m :,b - r  t h a n  t h rj e x p e c t e d  t e t r a p h o n y  1 -

The work o f  Hus ton  and Fox (20 )  w i t h  t e r t i a r y  b u t y l ,  

t e r t i a r y  am y l ,  and some t e r t i a r y  h e x y l  a l c o h o l s  c o n d e n s e d  

w i t h  b - n z - rn e ,  and t h e  work o f  I  ru.cer  v a n i k  ( 2 1 )  w i t h  t e r t i a r y  

a l c o h o l s  c o r a en s - - d  w i t h  b e n ze ne  and t o l u e n e  yeve  r c- su 1. t s  

w M e h  a a r e e d  b o t h  --s. t o  t h -  main r e a c t i o n  and t h e  s i d e  r---ac- 

t  i an s ,

The work o f  Hus ton  and ! u l i e  ( 22)  w i t h  t e r t i a r y  a l c o h o l s  

a s  w e l l  a <? t h  e work o f  Hus ton  and  l e s s o n  (23 )  i n d i c a t e d  t h a t  

f r a  ymenta t i  on t o  >k p i  a 0 a wh-n h i g h l y  or  ar. 0 h ed member s we re  

c o n d e n s e d .  T h e  work o f  Awuaoara  ( 2 )  and t h a t  o f  b a r r e t . t  (3 )  

h a s  been  m e n t i o n e d .  These  w o r o e r s  f ound  t h a t  c o n d e n s a t i o n s  

a t  h lmhe r  t e m p e r a t u r e s  mr.ve e r - g f e r  y i e l d s  o f  b y - p r o d u c t s  and 

l o w e r  y i e l d s  o f  t n e  e x p e c t e d  compound o f  t h e  c o n d e n s a t i o n .



They m.L' 0  n o t  d t h a t  olurn inurn c h l o r i d e  a s  » ' c o n d e n s a t i o n

n y - n t  d i d  n o t  f o l l o w  t h  - • maos a c t i o n  .Law a o o v e  a c e r t a i n  

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

I t  wo .• t h e  o u r o o s e  o f  t h  i s  i n v - - B t i e a t l o n  t o  c o n t i n u e  t h e  

•work 0 --nun by tVr-se w o r k e r s ,  usLnp; s e l e c t e d  t e r t i a r y  a l c o h o l s  

t h e  t  h ave  an i n c r ' e p l m  m e t h y l  rrr  o s p i n o  on t h e  a l  pha  o a r  s o n ,  

•-•n-3 t o  con dens'-'- th-on v / i t h  o-m zr-no i n  t h e  oreo ' - -nce o f  a l u m i 

num c h i  o r  i d ' - ,  i n  o r l - r  t o  coon oar--' tn-'- or sp--r t l o;’ o f  t o e  r e -



o r  -i n a I i  oh" *’■: 

f a  c t  t r y  .

Any bh ’

v 1 1 h

y H L s s  o f  t h  

I t  1- o 

t. o t  o r- ?n o b "• 

t o  I l y n t  by 

d on e .
H u s t o n  ' ; 

d ‘~n no t  Ion of 

■rouo o f  trr- 

t h ~  a l c o h o l  

Air  i t ,  1 

p l a i n s  m i  i':r

i.OhiC- '.-G.OrnplnX

f o r m e d  f i r - t ,

G H-t C ti-fJ
i i

G H x - C  - C
H C. Iy

'which d i ssoc i - '

OfT rl'T 10 .H3  o n 5 
\  v  \

G H - , -  0  -G  -
rl GH3

The c a r b o n l u m  

a r o m a t i c  prop

o

i 3Hi y 1 su y'-in: b"d f o r  t h e  corn t en  o a t  I on r e a c t i o n  

o A l c o h o l  and b e n z e n e  seems c o m p l e t e l y  s a t l s -

y ,  h ov/ev *r , mu s t  be  r - l a  t e d  t o  t h e  s i  Ay l a  s i  on 

- d  a l l y  I h a l i d e s  , s i  n c t h e y  a l s o  I v e pood 

a l l r y l b e n z - n e s .

n r  o n  h e v e t o  l i s t  t h e  e v i . 1—see  H a t  r o i r t s  

- ”•11 .■ ' i h a n i s n  and s ua  o r ‘a- s e e  f a c t o  o r o u - b t

i s  l a  ■.> or  a t o r y  vvh •■r-- mo s t  o f  t h e  v;orh h a s  D's-n

rl cov; o r  H r  <3 h a v "  nhov.n t h a t ,  c u r i a  y t h e  c o n -  

l e o h o l s  and a r o m a t i c  n v d r o n a r h o n s , t h e  h y d r o x y l  

I c o h o l  vr s a c f i v e  t ;::-d an:! t h e  a l o n e  c a r b o n  o f  

~ : i n n e r  s t r a i n *

e c a t i r o i d  t h e o r y  a s  r e v l - v ; e :  cy P r i c e  ( ? 4 ) e x -  

-n-i,tion of  a. p o s i t i v e  i o n .  i n  t i l s  t - i e o r y  an 

o.elwee.n - a l uminum c h l o r i d e  and  . . the a l c o h o l  i s

^ H-j l> H_ a G1
i i i .

T + AlGl-3 # C H -G ~y - 0  -» A 1*01
* H GHy Cl

t  -s i n t o  s n  e l e c t r o n - d e f i c i e n t  c a r b o n i c  in i o n .

0 1  OH3  CH
V • '

-»AlOl CH-,-C -G+ +  (H0-A1C1.J1 J 1 1 -S'
Cl '  H CH.,

i o n  t h e n  may r e a c t  w i t h  b e n z e n e  due  t o  t h e

: r 1 1 es  o f  0 e n z e n e .
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OH, J rL,
1 1 A  1 J

O d y  6  - C  + +  [  1J — > r  -CJ - O r

H CH3 V H

* i

0
OH, OH,
i i

'  \ r

0 ri p H ^
+  H +

I i n c e  t e r t i a r y  b u t y  I b - n z - n e  o f t e n  h a s  b e e r  i s o l a t e d  f rom 

t h e  c o n O " a r a t l o n  product ; - .  o f  t e r t i a r y  a l c o h o l s  w i t h  o e n z e n e  

in t n e  or ?- - -n  o- ot  a l uminum c o l o r  id--; ir. t o  i s  L a b o r a t o r y ,  a 

oi  do r ' o c l L - m  moot  lr- t,o t b ^  aoove  m e c h a n i s m .  . .oa t  i s ,

■: s h i f t  o f  j n  a l k y l  j r o u o  t o  t oo  p o s i t i v e  ca roor i  w i t h  a s o l  f t  

i n  to:- e l e c t r o n  a r r a n g e m e n t  o f  t h e  m o l e c u l e  so  t h a t  t h e  c a r 

bon s u l a c e n t  t o  t h e  c r i m i n a l  p o s i t i v e  c a r b o n  now oecomes  

v o m i t i v e  r, 1 t h  a r e s u l t i n g  s c i s s i o n  o f  t in-  c h a i n :

O c h 3 h c h 3 H C h ;5

f t  ♦ ; C O

l l * , ‘ 1 »
CHV C - C * f  —» CH^-9 fC -CHp-?  H-C- G+ +  CH2 =CH2

h„,  , H CH3 H shHp

T h i s  r e - . r r  sn^erc-'-nt and c l e a v e  m*- a l l o y /  t n e  f i c t l v a t e d  b e n z e n e  

n u c l e u s  t o  r - - ' ac t  t o  forr r  t e r t i a r y  o o t y  1  b e n z e n e  i n  t h e  

s e l e c t e d .

0 H 3  u  rl 3

- 3 - h  +  0  ” *  O ' v  -IHb -  X/ - . 1 3

The t h - ' Or y  o f  s p l i t t i n g  a n d  r e c o m b i n a t i o n  o f  c r o u p s  h a s  

s u e  p o r t  f rom t h e  work  o f  ko d z i  ew an ov/ s k i  ( 2 5 )  and  f rom t h e  

work  o f  Hus ton  end k r i e d e m a n  (1 )  who f o u n d  a n t h r a c e n e  a s  one 

, o f  t h e  p r o d u c t s  in  t h e  f o r m a t i o n  o f  d i  ph e ry  l r n e t h a n e .

Huston  a nd  boo.demoot ( 26 )  a l s .  h a v e  shown t h a t  a luminum 

c h l o r i d e  a l k y l a t e s  by n i tons  o f  an  a l c o h o l  o n l y  whe re  t h e r e  i s



o' ) •

■' f r ' "' -d -*nroon o tt-Wiv-p. t o  t o -  - lydroxy 1 -a 'oup.

:.’hv. v/ o r k  o f  : ni t z - s c u , L s-s c c-scu , and I one  sou ( 2 ? )  ern- 

PoYoine- '  t h a t ,  f ; i -  e I ky  Ui f i  on by me t o  1 h a l i d e s  i s  e s s e n t i a l l y  

on o c t i  v - t i o n  r ' - o t i j n  o c c u r r i n /  mien su i  to o L e a c t i v i t y  o f  

t r n -  n u c l e a r  b y  dr  oo« an a n d  t h -  s l l p n a t i c  o a l o  ~en o r e  r e n l l z e d , 

In  t h e i r  co r -  o.r; elf-vo t'-ei t e m p e r a t u r e  ,vi  t h o u t  a  c a t a l y s t .

1’hLs sue> 'Or t  t o  fir.-' m-o non srn su  " 'pee t e d  ay

T i i s . - a v n u l  a o s r s n o v s  ( : ? 3 )  i n  ve t  o n i. b a  c h l o r i d e  o f  t h e

0  a s  o-s: ]  i s  f o r e - s '  | r  f . -  f o l l o w ! '  - o o o s - r  :

1 :j .. t̂; .. 
1 I

-  Av

. , h 3 ^ n 3

J  r i +  A I G 1 - •OCXs Al ■+* HGl

aov,  n i " t o  a n  o l e f i n

GCloAl

 ̂ri  ̂
I

ft r T STOil"?-"’-/
H

y s C H 2 +  A1 G1 o JH
G H a

p
I

oil.

C *• a; .>
hi ■ o n y

HGl - > • h  -z ~  y■■■ - j  A" : v .. .

G Ha,
■G1

To- c h l s r i  ;s t h o n  mry r - u c t  .vita: t o -  ac  t i v o t e d  n u c l e u s

W t i -  LA. C l  +•
l- n 3 0 ~

GH-j G H ̂
« *
G -C - 
S h 3  h

•Gt i ^  +  n C l

a d d i t i o n  P r o d u c t s  o e t w e e n  a l u m i n u m  c h l o r i d e ,  t n e  a l c o 

h o l ,  snd b e n z e n e  f o l l o w e d  oy r e s . r r a n . y e t n e n t  may w e l l  b e  t h e  

bo s i  s f o r  t o e  c o n d e n s a t i  on r e a c t i o n  s i n c e  a d d  1 1 i  o r  p r o d u c t s  

v?l t b  a l u m i n u m  e h l o r i d -  h a v e  o e e n  r e p o r t e d  ( 2 9 ) •
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5 0 0  m l . w i d e  m o u th  b o t t l e s  c o n n e c t e d  w i t h  i e l i v e r y  t u b e s .

The f i r s t  b o t t l e  was  e m p t y ,  s e r v i n r  a s  a t r a p ,  f o l l o w e d  b y  

t h r e e  b o t t l e s  h a l f  f u l l  o f  4 0  p e r  c e n t  s o d l a m  h y d r o x i d e ,  

f o l l ow ed  by a n o t h e r  t r a p  b o t t l e ,  and t h i s  f o l l o w e d  by  t h r e e  

bo t i l c s n a i f  f u l l  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  and  f i n a l 

l y  a n o t h e r  em n ty  i m p  h.;> id 1 e w 1 ! h a Ic 1 i  v > ey  tube l ead!  up to 

Hie iwao t i o n  f l a s k .  T h i s  d e l i v e r y  tube w as  f i t t e d  v/i th a 

th  r c i ' - o u y  s t o n - e o c k  t o  b e t t e r  c o n tro .1  rin- p. ■■■>[' "i.. \i o f  

m s  Lrifo t h e  r e a c t i o n  f l a s k  e s n e c i a l l y  a t  m e  b c r L u i t L u t  o f  

tfne r e a o r i o n ,  s i n c e  e l t r m  a b s o r b - u i  a e-p n c  u e a l  o f  .m s  

be fo  r e  t h e  r e a c t i o n  s t a r t e d  and  t h e n  wo '-.Id n e e d  c o o l  i. nr. 

bn i 'o i ' e  more m s  w as  s d m i i - t e d ,  The r e a c t i o n .  f l a r . k  c o n s i s t e d .

■..o' a l'.vo l i t e r  t h r e e - n e c k  f l a s k  ( f o r  one : e .'wo mo le s ) ,

f i t  ecv wit;'; e mechan ics l  yip;ce r l  oe s t i r r e r  arm u r e f l u x  onn-

c c n s e r .  The condense r  was c lo s e d  wi t h a c a l c iu m c h l o r i d e  

L u b e ^ ' ' .  v/'aen the li.aynesiuin had u l s a i s . e a r a i ,  t he  lm-upont 

was s t i r r e d ,  at. l e a s t  one hb’ i r  is-n.z; a t o v n t o  s t and  an 

a l ;  it a hou r ,  and t i t r a t e d  f o r  mre  ontapc  o f  d : ,iyno.ru r e a p t a t  

\ • ' *• ; *

e c u  a.l v o l u m e  o f  e t h e r  a t  t h e  r a t e  o f  o n e  o r  on p e r  s e c o n d  

w i t h  s t i r r b w .  . I l l ,  w  u ' d . r r l u r  a t  l e a s  o n e  h o u r  f r o m  the 

tl.rm t h e  a d d i t i o n  Isid b o o n  c o m p l e t e d ,  the-; o r o d u c t  war; ip.. sUro-

l y s m .  v, 1 u i s . ;  . 1 miourl !  c o n c e n t r e t e a  h y d r o c h l o r i c  a c i d

( u s u a l l y  1 0 0  m l .  p e r  m o l e )  t o  d i s s o l v e :  t h e  i s . s i c  pa.; ;

( f ) A l l  m a t e r i a l s  e n d  a p r a r a t u s  w e r e  d r i e d  arm p r o  t e c  t e a  f r o m
t h e  m o i s t u r e  and  c a r b o n  d i o x i d e  o f  t h e  a i r .
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e l a y e r  v/i-s sep&ivited and t h e  vvat-'r l a y e r  e x t r a c t e d  a t

l e a s t  t h r e e  t i n e s  wi Ih e t h e r .  The combined e t h e r  l a y e r s  

v/ere v/a rr.ed wil l '  5 p e r  cun t  sodium c a r t o n a  to u n t i l  b a s i c  to 

l i t m u s  and. t h e n  w i t h  d i s t i ]  I ed w a t e r .  Tie p r o d u c t  was d r i e d  

ov e r  anhydrous  sodium s u l f a t e  f o r  f o u r  hou r s  o r  l o n y e r . The

VS- a/TJ p

Dh u  : 0 . 8 1 1 5

n f ' u  : 1 . 4 1 4 1

This  a l c o h o l  ha s  been  p r e p a r e d  by Henry (35) and i ' d r a r  

( 5 6 ) .  h e x  ( 8 0 )  i” o r ’d  u  i n  h i s  l a b o r a t o r y  a l s o  p r i s m  r • .,he 

a l c o h o l .  The above c o n s t a n t s  checks h v 1 t h  t hose  o f  1:a .-m

01 v Clip
I i

H;yC-Cih> -C -C -OH" v t,TII Oil3

This  a l c o h o l  was y t e rn  ais. b, t: a ■. .a: :h too Grlyoo r a  

r c ; . , ' ,.,lvn b '•bo:;.i v o r  to* t v iec- ' ' b u t y l  mai ;ne simii

b r o m l l o .  The a r i c o d u r c  t o r  tnc iiri.’c i r ' - i t r  m ■<’- ' I s  .sn.s'sn' i  

 a' 1 s ■ ■ s ; :: emolayer  by Doc tor  K.L.  Gui le;   ■“ • ~ 1 1/ t'

1 h> -i ra  to cy ( 2 1 ) .



,».u .
p r e p a r a t i o n  o f  t h i s  a l c o h o l  -was the same as the r e a c t i o n  i n  

P a r t  A. This  a l c o h o l  was p r e p a r e d  by B in de r  (37) working 

in  t h I s  l a b o r a t o r y .  The f o l l o w i n g  c o n s t a n t s  checked c l o s e l y  

w i t h  t hose  o b t a i n e d  b \  him:

Y i e ld : 55-601') *■ '

*25 : 56-57°C.

3 7bO : 129-131°C

d | °  . 0 .8055
fiO

' "! i • 1 .427 5

P a r t  C. 2 , o , o - T r i m e t h y l b u t a r i o i - 2

CH, CH.,O
I I

H,C-C “ C -OH
PIT *

3 CH. o

This  a l c o h o l  was p r e p a r e d  by add ing  p i n a c o lo n e  to 

methylmagneaimnbrojvdde a c c o rd i n g  to the above methods o f  add

i ng  k e to n e s  to G r ig u a r d  r e a g e n t s .

P inaco lone  was p r e p a r e d  a c c o r d i n g  to the  method g i v e n  i n  

' r g a n i e  Syn the ses  (38) as f o l l o w s :  A f i v e  l i t e r  t h r e e - n e c k

f l a s k  was f i t t e d  w i th  a s e p a r a t e  C'j f u n n e l  -md a l ong  r e f l u x  

conden se r  (w i t h  a 18-15 mm. i n n e r  t ube)  c l o s e d  a t  the ton 

wi th a c a . c i u m  c h l o r i d e  t u b e . E ig h t y  grams o f  magnesium and 

800 ; 1.  o f  <-• ry  benzene  were p l a c e d  i n  t he  f l a s k .  A mix tu r e  

o f  90 grams o f  m e r c u r i c  c h l o r i d e  and 505 ml.  o f  a ce tone  were 

p l a c e d  in  the  s e p a r a t e  ry f u n n e l , About o n o - t a l f  o f  t h i s

(1) Based m  on the  Gr ig ua rd  re- ' . rent .



r e a c t i o n  v/us v i g o r o u s  a n a  t ■:e, f l a s k  wu s c o o l e d  w i t h  at. i c e  

w a t e r  b a t h .  A f t e r  a l l  o f  t h e  a c e  t o  no •■-•.rd - a r o c r i c  c h i  o r  L ,e 

h a d  b e e n  a n o e d ,  a .M ix tu r e  o f  2 5 1  m l .  o f  a c e t o n e  and  nod m l .  

o f  b e n z e n e  v/as a ' . l ie a b e f o r e  t he  r e  no c i o n  s  t o : r  . ,7hen no

f u r t h e r  r e a c t i o n  v;n s v i s i b l e  i.he f l a s k  vnn:, Vr-a fc;b o:, ■■

V/* •. I'--.- • j r  ■. 1 rac i q y r^.-ic t i  or. took  r l u o e ,  vie a in:,,

v / e l l  rmjC^v:; u: , r u :. -  o one  r  . n v  v i. (.acra-vi anu : r... •) ’ ■ i,

c o n t i n u e d  o n e  h o u r .  Tr.en two h u n d r e d  m l .  o f  wn iu.r went,  

u< i. n : i -1 t h e  ;: uiv' i re  u. .'v u . i o l  and ;die m i x t u r e  uc.utt.d

■niu,' c:a-1 r  h o u r .  T1 ie m i x t u r e  vn.c then.  '"v ' i o v  ur- no ae'U'U/ 03  

t i.'CUiUe HI id l i t t e r e d .  The 30.1.10. '.VeO l ' l t u  I ' l i e v  to  tllu 

f l a s k  and h e a t e d  10  m i n u t e s  wi th  a f r e s h  5 0 0  m l .  p o r t i o n  o f  

b e n z e n e . T h i s s e c o n d  m i x t u r e  w as  f i l t e r e d ,  arid t h e  c o m b i n e d  

f i l t r a t e s  were d i s t i l l e d  t o  o n e - h a l f  t h e i r  o r i g i n a l  v o l u m e .  

The r ema in ing  b e n z e n e  s o l u t i o n  v/as t r ee . fed  w i th  5 0 0  m l .  o f  

w a t e r  and co o l e d  t o  10 d eg ree s  c e n t i g r a d e .  The p i n a c o l  

h y d r a t e  was f i l t e r e d  uit<~ r  > rni an t e s  by s u c t i o n ,  washed wi t !  

benze i i '■, and a i r  d r i e d  a t  room t e m p e r a t u r e .  Th i s  p i n a c o l  

h y d r a t e  was t r e a t e d  w i t h  750 grams o f  6  N s u l p h u r i c  a c i d  f o r  

ev e r y  250 grama o f  t he  h y d r a t e  and d i s t i l l e d  u n t i l  no more 

p i n a c o lo n e  came ov e r  w i t h  t he  wa t e r ,  The d:: s t i ] i  a to was 

s e p a r a t e d  f rom the  w a t e r  and d r i e d  ov e r  c a l c iu m  c h l o r i d e ,  

f i l t e r e d ,  and f r a c t i o n a l l y  d i s t i l l e d .  The f r a c t i o n  b o i l i n g

(2) A 30 minut e  i n d u c t i o n  p e r i o d  was r e q u i r e d  u n l e s s  h e a t ed ,  
H e a t i n g  was no t  d e s i r a b l e  because  o f  the  r a p i d  r e a c t i o n  
once s t a r t e d .
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f rom 103-105 de g re e s  c e n t i g r a d e  a t  749 ram. was u s e d .  The 

y i e l d  was u s u a l l y  25-30 p e r  c e n t  b a se d  on the magnesium*

The Gr ig na rd  r e a g e n t  was p r e p a r e d  as  i n  P a r t  A. The 

a l c o h o l  formed a s o l i d  h y d ra t e  i f  s p e c i a l  cr v/aa r.ot u se d .  

The a d d i t i o n  p r o d u c t ,  formed d u r i n g  the  p r e p a r a t i o n  o f  Hie 

a l c o h o l ,  v/y.;; h y d r o l y s e d ,  the o 1 7 a y e r  -.3 p a r a  t ed ,  and the 

.vater  l a y e r  e x t r a c t e d  t h r e e  t imes  w i t h  e t h e r .  Then t he  

combined e t h e r  l a  ye r r  -./are washed w.lil, C p e r  c en t  sodium 

e: .rtunat-.- I - •.; :> t  f o l l o w ed  by w a t e r  wash ing .  The e t h e r

s o l u t i o n  was d r i e d  ov e r  sodium,  t he  e t h e r  removed t h rough  

a column,  and t he  a l c o h o l  d i s t i l l e d  ove r  sodium a t  r educed  

p r e s s u r e .  A s h o r t  column and a s h o r t  c o nd en se r ,  c ar e  f u l l y  

d r i e d , were u s e d .  The c o n t a i n e r s  o f  a l c o h o l ,  a f t e r  d i s 

t i l l a t i o n ,  w e n  s e a l e d  a i r  t i g h t .  The a l c o h o l  was d i s 

t i l l e d  t h e r e a f t e r  a t  a tm o sp h e r i c  o a e u u n ;  cverr red ‘ .i.h - )  •

Y i e l d :  7 5 - 8 0 ^  2 )

b744 : 129-131°C.

B2q ; 49-52°C.

The a l c o h o l  was p r e p a r e d  i n  t h i s  l a b o r a t o r y  by B inde r  

(37) and by B a r r e t t  ( 3) « I t  was p r e p a r e d  f i r s t  by But ie row 

(39) I n  1875.  Edgar  (36) a l s o  ha s  p r e p a r e d  i t .

P a r t  D. 2 , 2 , 3 - T r i m e t h y l p e n t a n o l - 3

? H3 ?H3 
H C-C -C -OH 

3  CH„ 6 Ho
°  CH,O

I )  ’Then u se d  f o r  c o n d e n s a t i o n s ,  benzene  was added imm ed ia te 
l y  upon b r e a k i n g  t he  s e a l  o f  t he  c o n t a i n e r s .

(2) Based upon t he  G r ig n a r d  r e a g e n t .
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This  a l c o h o l  was p r e p a r e d  by the use  o f  t he  Gr i gna rd

r e a c t i o n ,  add ing  p i n a c o lo n e  to e thylmagnes iuxnbromlde. The

p i n a c o l o n e  and t he  Gr ig na rd  r e a g e n t  we re  p r e p a r e d  a c c o rd i n g

to the above p r o c e d u r e s ,  and the  r e a c t i o n  f o r  the a l c o h o l
. ( 1 )

c a r r i e d  o u t  as  b e f o r e .  B1 7 4 9 • l e e - l o r  0 . r i t - l d :  0 ; >

F a r t  E . 2 , 3 , 5 - T r i  me thy I p e n t  a no 1 -  f:

7rl~ CPU
1 1

ILC-OIi.C -9 -OK
' r u^  i  i o o

The b e s t  method f o r  the p r e p a r a t i o n  o f  t h i s  a l c o h o l  was 

found to be ti c addi i . i  >u < f  i,-.* bbvl t e r t i a r y  amyl ke tone  to 

methylmagnes iumbromide . The ke tc . i e  was p r e p a r e d  by ado ing  

t e r t i a r y  amyl magnesium bromide d rop -wi se  to a c e t y l  c h l o r i d e  

a c c o r d i n g  to t he  Whitmore p r oc e d u r e  ( 4 0 ) .  Then t he  a l c o h o l  

was p r e p a r e d  by t he  a d d i t i o n  o f  she ke tone  to methy lmagnes i -  

umbromide a c c o r d i n g  to the  Edgar  p r ocedu re  ( 4 1 ) ,  and was 

s i m i l a r  to t h e . r e a c t i o n s  f o r  t he  a l c o h o l s  p r e p a r e d  above.

The p r o d u c t  was h y d r o l y z e d  and d r i e d  a-, u s u a l .  t he  methyl  

Gr igna rd  wat p r e p a r e d  as i n  F a r t  A. The Whitmore and Edgar  

p r o c e d u r e s  were u sed  by Doctor  R.L.  Gui l e  (22) o f  t h i s  l a b 

o r a t o r y  and d e s c r i b e d  by him i n  d e t a i l .

Due to t he  d i f f i c u l t y  o f  p r e p a r i n g  t e r t i a r y  Gr ign a rds  

i n  good y i e l d s ,  the p r o ce d u r e  f o r  t e r t i a r y  amyl mat mes lum 

bromide i s  d e s c r i b e d  h e r e  i n  d e t a i l .

Phosphorous  t r i b r o m i d e  was p r e p a r e d  by t he  f o l l o w i n g  

method;  t h i s  i s  a m o d i f i c a t i o n  o f  the p r oce du r e  found i n  

Organic  Synthese s  ( 42) :  T h i r t y - s e v e n  grams ( 1 , 2  gram atoms) 

71,' Tit liUC ~ oEGri :: r  <_niu r eu  uy Oiarko a no j rx s (; 7 ; .
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o f  d r i e d  r e d  phosphorous  were suspended  i n  250 ml.  o f  r e d i s 

t i l l e d  ca r bon  t e t r a c h l o r i d e  i n  a d ry  one l i t e r  t h r e e - n e c k  

f l a s k  eq u ipped  w i t h  a c ond ens e r  s e a l e d  w i th  a c a l c ium c h l o r 

i de  t u b e ,  a g l y c e r i n e  s t i r r e r ,  and a d ropp ing  f u n n e l .  The 

f l a s k  was c o o l e d  w i t h  a m ix t u r e  o f  i c e  and s a l t ,  and 342 

grams ( 4 . 2  moles)  o f  bromine were added d rop -wi se  w i t h  s t i r 

r i n g .  The ca rbon  t e t r a c h l o r i d e  and exces s  bromine were d i s 

t i l l e d  from the  m ix tu r e  w i t h  t he  a i d  o f  a s h o r t  a i r  con

d e n s e r .  The t r i b r o m i d e  was d i s t i l l e d  from the r ema in ing  

m ix t u r e  i n t o  a C l a i s e n  d i s t i l l i n g  f l a s k .  The crude  

phosphorous  t r i b r o m i d e  was r e d i s t i l l e d ,  and the  f r a c t i o n  d i s 

t i l l i n g  f rom 168-172 d e g re e s  c e n t i g r a d e  a 750 mm. was u s e d .  

The y i e l d  was from 60-70 p e r  c e n t .  Dur ing each o f  t he  s t e p s ,  

the  sys tem was p r o t e c t e d  from the  m o i s tu r e  o f  the  a i r  w i th  a 

c a l c iu m  c h l o r i d e  t u b e .

Then,  t e r t i a r y  amyl bromide was p r e p a r e d  by p l a c i n g  232 

grams (0 .8 7  moles)  o f  t he  phosphorous  t r l b r o i  .Ode i n  a dry  

one l i t e r  t h r e e - n e c k  f l a s k  equ ipped  as i n  t he  p r e p a r a t i o n  o f  

t he  t r i b r o m i d e  and coo l ed  w i t h  a m ix tu r e  o f  i c e  and s a l t .  

Then,  250 grams (2 .6 1  moles)  o f  r e d i s t i l l e d  t e r t i a r y  amyl 

a l c o h o l  ( b o i l i n g  from 101-102 degree r c e n t i g r a d e  a t  750 mm.) 

wen added d ro p -w i se  o ve r  a p e r i o d  o f  t h r e e  h o u r s . The mix

tur e  was washed w i t h  f i v e  ml ,  o f  s a t u r a t e d  sodium b i s u l f i t e  

s o l u t i o n ,  the w a t e r  l a y e r  s e p a r a t e d ,  and t he  p r o d u c t  was 

washed tv/ice w i t h  c o ld  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The 

l a y e r s  were s e p a r a t e d  and V'O c-nde  bromide washed w i t h  

w a t e r ,  and t hen  w i t h  25 ml .  o f  s a t u r a t e d  sodium b i c a r b o n a t e  

s o l u t i o n .  The l a y e r s  were s e p a r a t e d  a g a i n  and the bromide



washed v / i th  w a t e r ,  d r i e d  o v e r  an hydrous  c a lc iu m  c h l o r i d e ,  and 

d i s t i l l e d .  The f r a c t i o n  b o i l i n g  from 106-109 d e g re e s  c e n t i 

g rad e  a t  74 6 .2  mm, was u s e d .  The y i e l d  was u s u a l l y  from

00-80 p e r  c e n t .

The t e r t i a r y  amyl bromide  th u s  p r e p a r e d  was u sed  im

m e d i a t e l y  to p r e p a r e  the  G r ig n a r d  r e a g e n t ,  s i n c e  i t  was 

n e c e s s a r y  t h a t  th e  bromide be pu re  and f r e e  from decom

p o s i t i o n .  p r o d u c t s  t h a t  formed a „G.i ig.

The bromide was d i l u t e d  w i th  an e q u a l  volume o f  e t h e r  

and added d ro p -w ise  to one mole o f  pu re  dry  m a g n e s iu m ^ )  

su spended  i n  400 m l.  o f  anhydrous  e t h e r .  L a r g e r  o r  s m a l l e r  

runs  were made v / i th  s a t i s f a c t o r y  r e s u l t s .  The e t h e r  and 

t e r t i a r y  amyl bromide  m ix t u r e  was added v e r y  s lo w ly ,  one 

drop p e r  two to  t h r e e  s e c o n d s ,  d u r i n g  th e  e n t i r e  r e a c t i o n ,  

and a l a r g e  e x ce ss  o f  th e  bromide  was a v o id e d  a t  f i r s t  

b e f o r e  th e  r e a c t i o n  s t a r t e d .  The y i e l d  was 50-60 p e r  c e n t .

The a l c o h o l  h a s  been  p r e p a r e d  by Nor ton  (43) and a l s o  

by G u i le  ( 2 2 ) .  The p h y s i c a l  c o n s t a n t s  c o r r e s p o n d e d  to 

th o se  d e te rm in e d  by th e s e  w o rk e rs  f o r  th e  a l c o h o l .

Y i e ld :  45-60%
b 745 : 1 5 5 -1 5 7 °c .

Brio : 5 9 -6 1 ° C .

n g °  : 1 .4 3 9 7

d | °  : 0 .8520

(1) A l lo y  magnesium was found  to  be u n s a t i s f a c t o r y , ,  f i n e l y  
div ided ,  magnesium gave improved y i e l d s ,  b u t  i t  was 
n e c e s s a r y  to  add th e  bromide  more s lo w ly .



I I I .  The Con d e n s a t i o n  A ooara t .us........- -- - - ,A >. -------

The f o l l o w i n g  p h o t o g r a p h  and f i g u r e  1 show t h e  c o n 

d e n s a t i o n  a p p a r a t u s  a s  i t  was d e v e l o p e d  and  u s e d  i n  t h e  l a s t  

o f  t h e  c o n d e n s a t i o n s  and  a s  i t  was em ployed  i n  r<-p<~.Hting 

some o f  t h e  e a r l i e r  c o n d e n s a t i o n s .

The p u r p o s e  a n d  s i z e  o f  e a c h  p a r t  w i l l  he  d e s c r i b e d  

h e r e  w h i l e  t h e  g e n e r a l  u s e  i n  c o n d e n s a t i o n s  w i l l  h e  g i v e n  

i n  t h e  S e c t i o n  IV u n d e r  t h e  g e n e r a l  p r o c e d u r e s  f o r  th e  

c o n d e n s a t i o n  o f  t h e  a l c o h o l s  v / i t h  b e n z e n e .

A--A t h r e e - n e c k  r e a c t i o n  f l a s k ,  t h e  s i z e  o f  w h ic h

v a r i e d  a c c o r d i n g  to  t h e  num ber  o f  m o le s  o f  a l c o h o l  

c o n d e n s e d .

B--An e l e c t r i c  m o to r  f o r  s t i r r i n g .

C-~The g l a s s  s t i r r e r  a n d  g l y c e r i n e  s e a l ,  (A m e r c u r y  

s e a l  was n o t  u s e d  b e c a u s e  o f  t h e  b a c k  p r e s s u r e  

c r e a t e d ) .

D --T he  a l c o h o l  a d d i t i o n  t u b e  w i t h  i n n e r  s e a l e d  tu b e  

and  c o n n e c t i o n s  f o r  t h e  p u r p o s e  o f  e q u a l i z a t i o n  o f  

p r e s s u r e .  The s i z e  o f  t h i s  tu b e  a l s o  v a r i e d  a c c o r d 

i n g  t o  t h e  num ber  o f  m o le s  o f  a l c o h o l  c o n d e n s e d .

E— The c a r b o n  d i o x i d e  g e n e r a t o r  ( f o r  s o l i d  c a r b o n  d i 

o x i d e )  o f  125 m l .  c a p a c i t y .

p — D r y i n g  t r a p  f o r  t h e  c a r b o n  d i o x i d e  c o n t a i n i n g  c o n 

c e n t r a t e d  s u l p h u r i c  a c i d ,  w i t h  a  T - t u b e  c o n n e c t i n g  

i t  to  t h e  a d d i t i o n  tu b e  i n  o rc te r  to  a l l o w  a n  o p e n i n g  

to  t h e  a i r .  T h i s  t r a p  was o f  100 m l .  c a p a c i t y .

G— S a f e t y  v a l v e  to  t h e  a i r .
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H --The  t h e r m o m e t e r  s u s p e n d e d  i n s i d e  t h e  c o n d e n s e r .

I - - W a t e r  c o n d e n s e r .

J - - I c e  s a l t  c o o l e d  t r a p  u s e d  to  c o n d e n s e  and  h o l d

b e n z e n e  a n d  a l c o h o l  v a p o r s .  T h i s  t u b e  was 3 x 1 . 5  

i n c h e  s .

F . - -C a rb o n  d i o x i d e - a c e t o n e  c o o l e d  t r a p  u s e d  to  c o n d e n se  

and  h o l d  any s u b s t a n c e  t h a t  d i d  n o t  b o i l  l o w e r  t h a n  

- 8 0 ° C .  T h i s  t u b e  was t h e  same s i z e  a s  t r a p  ( J ) .

L— Two-way s t o p - c o c k  u s e d  to  d i r e c t  t h e  g a s e s  t h r o u g h  

t r a p  (K) o r  d i r e c t l y  to  th e  n i t r o m e t e r  f ro m  t r a p  ( J ) .

M— One-way s t o p - c o c k  o p e r a t e d  i n  c o n j u n c t i o n  v / i t h  s t o p 

c o ck  (L) f r o m  t r a p  ( K) .  T h i s  s t o p - c o c k  was c l o s e d  

when s t o p - c o c k  (I,) was o p e n e d  to  a l l o w  g a s e s  to  go 

p a s t  t r a p  ; K) ,  and o p e n e d  when s t o p - c o c k  (L) f o r c e d  

g a s e s  t h r o u g h  t r a p  ( K) .

b — M e rc u ry  w e l l  c o n n e c t e d  to  s t o p - c o c k s  ( L )  an d  (Ivi) by 

means o f  t h e  Y - c o n n e c t i n g  tu b e  and  90 m l .  o f  v e r t i c a l  

1 mm. c a p i l l a r y  t u b i n g .  The w e l l  was o f  100 m l .  c a 

p a c i t y  and  c o n t a i n e d  m e r c u r y  to  a h e i g h t  o f  4 mm.

The c a p i l l a r y  d i p p e d  3 mm. i n t o  t h e  m e r c u r y .  T h is  

c a p i l l a r y  h a d  t h e  e q u i v a l e n c e  o f  7 0 0  mm. o f  m e r o u r y •

0 - - I m p t y  t r a p  o f  100 m l .  c a p a c i t y  to  h o l d  l i q u i d s  f rom 

c o n t a i n e r  (P) i n  c a s e  t h e  m e r c u r y  f a i l e d  to  h o l d .

P - - C o n t a i n e r  f o r  a 5 p e r  c e n t  s o l u t i o n  o f  b ro m in e  i n

c a r b o n  t e t r a c h l o r i d e .  T h i s  c o n t a i n e r  w a s  t a p e r e d  a t  

t h e  end  i n  o r d e r  to  c o n c e n t r a t e  t h e  amount  o f  l i q u i d  

h a v i n g  g a s e s  p a s s e d  t h r o u g h  i t .  I t  euun a l r .ed  1 0  m l .



when h a l f  f u l l .

R -~ D ro p p in g  f u n n e l  o f  25 m l .  c a p a c i t y ,  u s e d  to  h o l d  p u r e  

“b ro m in e  u n t i l  .needed.

' " - -T h e  n i t r o m e t e r  was o f  300 m l .  c a p a c i t y  v / i t h  a 

d i a m e t e r  o f  25 mm. iri  t h e  v e r t i c a l  s e c t i o n s  and 

10 mm. i n  t h e  c u r v e d  s e c t i o n ,  and  h a d  i t s  h e a d  above  

t h e  l e v e l  o f  t h e  t r a p s  (K) and  ( J ) .  K e r c u r y  was 

p l a c e d  i n  t h e  b o t to m  o f  th e  n i t r o m o !.■>c- to s e e l  i t 

f r o m  t r a p  (0 )  and  50 p e r  c e n t  p o i a i n n .  h y d r o x i d e  

f i l l e d  t h e  r e m a i n i n g  sp a c e  o f  t h e  t i i t ro rue  t e r ,

U--F3. t r o m e t e r  l e v e l i n g  b u l b  o f  250 m l .  c a p a c i t y  .

The Dewar f l a s k s  u s e d  to  h o l d  t h e  b a t h  so h i t i o n  3 end 

m a i n t a i n  t h e  t r a p s  ( J )  an d  (K) a t  t h e i r  d e s i r e d  

t e m p e r a t u r e s  a r e  n o t  shown.
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• -Ufa6.- G e n e r a l  P r o c e d u r e  f o r  th e  C o n d e n s a t i o n  o f  th e
A l c o h o l s w i t h  Benzene

The a l c o h o l s  p r e p a r e d  were  c o n d e n s e d  w i t h  b e n z e n e  i n  th e  

p r e s e n c e  o f  a n h y d r o u s  a luminum c h l o r i d e  a c c o r d i n g  t o  th e  

g e n e r a l  m e th o d s  by Kaye ( 4 ) ,  and o t h e r  w o r k e r s  i n  t h i s  l a b 

o r a t o r y ,  f o r  t h e  f i r s t  few c o n d e n s a t i o n s ,  arid f o r  th e  m ost  

p a r t  a t  a t e m p e r a t u r e  b e t w e e n  4 0 -4 5  d e g r e e s  c e n t i g r a d e  i n  

o r d e r  to  o b t a i n  t h e  maximum amount  o f  f r a g m e n t a t i o n  a s  d e 

t e r m i n e d  b y  B a r r e t t  ( 3 ) •

I t  was n o t i c e d  e a r l y  i n  t h e  s t u d y  o f  t h e  c o n d e n s a t i o n

n I!0 du. 0 t  a . t .h a t  f s  Rfts and Inw I v t  ] i r r  119. to vi *- ’ s va"- r < i >b !.:• !. :icd

■ — 11. i '5 t h e  r e a c t i o n .  T h i s  was n o t i c e d ^ e s p e c i a l l y  when t he  

p r o d u c t s  we re  h y d r o l y z e d  w i t h o u t  s t a n d i n g  by t he  s o l u b i l i t y  

o f  t h e s e  g a s e s  a n d  low b o i l i n g  p r o d u c t s  i n  t h e  s o l v e n t s .

I t  was n e c e s s a r y  to  m od i fy  t h e  o r i g i n a l  p r o c o d a r c s  o f  e on -  

d e n s  a t i o n  i n  o r d e r  to  de te rm  I tie i f  t h e s e  go. s e s were  s a t u 

r a t e d  o r  u n s a t u r a t e d  o r  b o t h ,  and t h e i r  a m o u n t s .

F o r  c o m p a r i s o n  p u r p o s e s  t h e  o r i g i n s  1 arid, m o d i f i e d  . 

m e th o d s  a r e  d e s c r i b e d  ix. d e t a i l .

The f i r s t  few c o n d e n s a t i o n s  wer e  c a r r i o n  o u t  ir. a u n i n c -  

n e ok f l a s k  f i t t e d  w i t h  a g l y c e r i n e  s t i r r e r ,  a d r o p p i n g  f u n 

n e l  w i t h  a c a l c i u m  c h l o r i d e  t u b e ,  and  a w a t e r  c o n d e n s e r  

f i t t e d  w i t h  a  c a l c i u m  c h l o r i d e  t u b e .  A l l  o f  t h e  r e a c t i o n s  

were  c a r r i e d  o u t  I n  a m o l e c u l a r  r a t i o  o f  one mole  o f  a l c o h o l ,  

o n e - t h i r d  m ole  o f  a lum inum  c h l o r i d e ,  and  f i v e  m o le s  o f  b e n 

z e n e .  The b e n z e n e  and  t h e  a lum inum  c h l o r i d e  w ere  s u s p e n d e d  

by  s t i r r i n g  one  h o u r  o r  l o n g e r ,  a.nd t h e  a l c o h o l  a d d e d  d r o p -  

w i s e  i n  s u c h  a m an ne r  t h a t  t h e  t e m p e r a t u r e  was m a i n t a i n e d
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b e t w e e n  4 0 - 4 5  d e g r e e s  c e n t i g r a d e .  The r a t e  v a r i e d  w i t h  th e  

a l c o h o l s ,  b u t  a f t e r  t h e  i n i t i a l  r e a c t i o n ,  i t  u s u a l l y  was 

n e c e s s a r y  t o  c o n t r o l  t h e  r a t e  a t  one d r o p  p e r  s e c o n d .  A f t e r  

a l l  t h e  a l c o h o l  was a d d ed  t h e  r e a c t i o n  p r o d u c t  was s t i r r e d  

one h o u r  o r  l o n g e r  an d  h y d r o l y z e d  on i c e  w i t h  s t i r r i n g .  

C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (200  m l .  p e r  m o le )  was a d d e d  

to  d i s s o l v e  t h e  b a s i c  s a l t s  o f  a lu m in u m .  I t  was l a t e r  d i s 

c o v e r e d  t h a t  t h e  a c i d  was n o t  n e c e s s a r y  f o r  t h e  a l c o h o l s  

u s e d .  The b e n z e n e  l a y e r  was s e p a r a t e d  a n a  t h e  w a t e r  l a y e r  

e x t r a c t e d  a t  l e a s t  t h r e e  t i m e s  w i t h  b e n z e n e ,  e t h e r ,  o r  

h e x a n e  d e p e n d i n g  u p o n  t h e  b o i l i n g  p o i n t  o f  s u s p e c t e d  low 

b o i l i n g  f r a c t i o n s  i n  t h e  c o n d e n s a t i o n  p r o d u c t .  B o th  l a y e r s  

w e re  t h e n  d r i e d  o v e r  a n h y d r o u s  sod ium  s u l f a t e .

The m a j o r i t y  o f  t h e  c o n d e n s a t i o n s  were r u n  w i t h  t h e  

m o d i f i e d  e q u i p m e n t  ( s e e  f i g u r e  1 ) ( 1 ) .  The f o l l o w i n g  d e 

s c r i p t i o n  o f  t h e  c o n d e n s a t i o n  p r o c e d u r e  was g e n e r a l  f o r  a l l  

t h e  a l c o h o l s  d i s c u s s e d  and  v a r i e d  o n l y  s l i g h t l y  i n  d e t a i l  

w h i c h  w i l l  b e  d i s c u s s e d  u n d e r  t h e  s e p a r a t i o n ,  a n a l y s i s ,  and  

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

The a lum inum  c h l o r i d e  was s u s p e n d e d  i n  t h e  b e n z e n e  and 

h e a t e d  t o  r e f l u x  t e m p e r a t u r e  f o r  one h o u r  t o  d r i v e  o f f  l a r g e  

am o u n ts  o f  a i r  d i s s o l v e d  i n  t h e  b e n z e n e .  H ydrogen  c h l o r i d e  

was e v o l v e d  i n  l a r g e  am oun ts  a n d  t h e  a lum inum  c h l o r i d e  f i n a l 

l y  w e n t  i n t o  s o l u t i o n  w i t h  a change  i n  c o l o r  s i m i l a r  t o  t h a t  

f o u n d  i n  c o n d e n s a t i o n s .  When t h e  a luminum c h l o r i d e  was ad d ed  

a f t e r  t h e  b e n z e n e  was h e a t e d  and  c o o l e d ,  t h e r e  seemed to  h a v e

(1 )  The I m p ro v e m e n ts  a nd  g l a s s  b l o w i n g  f o r  t h e  c o n d e n s a t i o n  
a p p a r a t u s  w e re  made b y  D o c t o r  G .L .  G-oerner o f  t h i s  l a b 
o r a t o r y .



b e e n  no c h a n g e  i n  t h e  c o n d e n s a t i o n  p r o d u c t s .  D u r in g  t h i s  

t im e  t h e  n i t r o m e t e r  was n o t  c o n n e c t e d  to  t h e  s y s t e m ,  c o n 

t a i n e r  (P)  f i g u r e  1 c o n t a i n e d  no b r o m in e ,  and  t h e  t r a p s  (K) 

and  ( J )  w e re  n o t  c o o l e d ,  b u t  t h e  sy s te m  was washed  o u t  w i t h  

c a r b o n  d i o x i d e  b y  p l a c i n g  s o l i d  c a r b o n  d i o x i d e  i n  t h e  g e n 

e r a t o r  ( E ) .  The c a r b o n  d i o x i d e  was a l l o w e d  to  p a s s  u n t i l  

t h e  b e n z e n e  was c o o l e d  to  room t e m p e r a t u r e ,  t h e n  t h e  a l c o 

h o l  was m e a s u r e d  i n t o  t h e  d r o p p i n g  f u n n e l  (D) and m ark ed  a t  

e a c h  o n e - t h i r d  p o r t i o n .  The c o n t a i n e r  (P) was h a l f  f i l l e d  

w i t h  a  5 p e r  c e n t  s o l u t i o n  o f  b r o m in e  i n  c a r b o n  t e t r a c h l o r 

i d e  a n d  t h e n  p u r e  b r o m in e  was l e f t  i n  t h e  f u n n e l  (R) i n  

c a s e  t h a t  more  b r o m in e  was n e e d e d .  The n i t r o m e t e r  was c o n 

n e c t e d  a nd  g a s e s  a l l o w e d  to  f l o w  t h r o u g h  t h e  s y s te m  u n t i l  

t h e  b u b b l e s  i n  t h e  n i t r o m e t e r  became m i c r o - b u b b l e s .  T rap  

( J )  was c o o l e d  w i t h  a s a l t - i c e  m i x t u r e  a n d  t r a p  (K) w i t h  

s o l i d  c a r b o n  d i o x i d e - a c e t o n e  m i x t u r e .  mhc  s t o p - c o c k s  (L) 

and  (M) w e re  a d j u s t e d  so t h a t  t h e  g a s e s  p a s s e d  i n t o  t h e  t r a p  

( K) ,  a n d  t h e  a d d i t i o n  o f  t h e  a l c o h o l  was s t a r t e d .  The r e 

a c t i o n  b e g a n  w i t h  t h e  f i r s t  d ro p  w i t h  a change  i n  c o l o r  o f  

th e  r e a c t i o n  m i x t u r e  and  a r i s e  i n  t e m p e r a t u r e .  A t e m p e r a 

t u r e  o f  45 °C .  was r e a c h e d  i n  a b o u t  f i f t e e n  m i n u t e s  and  r e 

m a in e d  a t  a b o u t  t h a t  t e m p e r a t u r e  f o r  th e  r a t e  o f  a l c o h o l  a d 

d i t i o n  ( a b o u t  one d ro p  p e r  s e c o n d ) .  H ydrogen  c h l o r i d e  was 

e v o l v e d  d u r i n g  t h e  f i r s t  o n e - t h i r d  a d d i t i o n  o f  t h e  a l c o h o l *  

Vlhon o n e - h a l f  o f  t h e  a l c o h o l  was a d d e d ,  b a c k  p r e s s u r e  was 

c r e a t e d  i n  t h e  s j  s t e m  and m e r c u ry  f rom t h e  t r a p  ( H) r o s e  a s

much a s  20 0 - 300  mm. i n  t h e  c a p i l l a r y .  The e v o l u t i o n  o f  g a s e s  
b e g a n  t o  d e c r e a s e  when o n e - t h i r d  o f  t h e  a l c o h o l  was a d a e d .



k f  t  e x'* t w o - t n i  r d s  o f  t h e  a l c o h o l  was  a d d e d ,  r a p i d  a d d i t i o n  o f  

m e  r e m a i n i n g  o n e -  t h i r d  d i d  n o t  i n c r e a s e  t h e  t e m p e r a t u r e  o f  

m e  r e a c t i o n ,  a n d  b o t h  she  t e m p e r a t u r e  a nd  t h e  b a c k  p r e s s u r e  

d e c r e a s e d  u n t i l  t h e  r e a c t i o n  m i x t u r e  r e a d i e d  room t e m p e r a 

t u r e .  r|,h e n  t h e  s y s t e m  wt. .  w a sh e d  o u t  w i t h  c a r b o n  u i o x i d e  

:;n i, LI m i c r o - b u b b l e s  wore  o b t a i n e d , The l i q u i d  c o n d e n s e d  In  

t . rao ( K) was  t r a n s f e r r e d  to t i . e  n i t r o m e t e r  by a l l o w !  up; i t  to 

warm up  f r o m  t h e  t u m o e r a f u r o  o f  L i > o c a r b o n  a L o t h m - a c e  t one  

mi:; m  r e  ( - T 0 o C . )  , o r  w a s  r e ; > t  c n b e. in : t o ] . y n . ' a  sr. p u r  a n  ; f m m  

a n /  o t h e r  low b o i i L n r  s u b s t a n c e s  v . n f  o s c u t m u  a s  g u m s  

t h r o u g h  t i l l s  t r a p  i n t o  t h e  ' n i t r o m e t e r . T h re e  pounds  o f  ’ dry  

i c e  ' w e r e  s u f  f  i.c join I; to  word wi  i n  i'o r  t wen t y  - f o u r  n o u r s  and  

t o o k  c a r e  o f  t h e  n e e d s  o f  one  c o n d e n s e  t i o n .  O n e - h a l f  to  one 

mole  o f  t h e  a l c o h o l  was u s e d  f o r  th e  m a j o r i t y  o f  t h e  c o n 

nexion i r o n s  , Dewar f l a s k s ,  p a c k e d  on t h e  o u t s i d e  f o r  p r o 

t e c t i o n ,  w e r e  u s e d  t o  m a i n t a i n  t h e  low t e m o e n a t u r e  b a t h s  f o r  

c o o l i n g  t h e  t r a p s  (K) a n d  ( J ) .  H e m p e l ' s  g a s  a n a l y s i s  a p p a 

r a t u s  was  u s e d  f o r  t h e  a n a l y s i s  o f  t h e  g a s e s  e x c e p t  t h e  

p u r i f i e d  f r a c t i o n s  i s o l a t e d  w h ic h  w i l l  b e  d e s c r i b e d  u n d e r  

a n a l y s i s  o f  f r a c t i o n s .
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'/« The S e p a r a t i o n ,  I d e n t i f i c a t i o n ,  and A n a ] y s i s  o f  P r o d u c t s

The g e n e r a l  p r o c e d u r e  f o r  the  c o n d e n s a t i o n  o f  th e  a l c o 

h o l s  was d i s c u s s e d  i n  S e c t i o n  IV. The p r o d u c t s  were  s t i r r e d  

i n  a l l  c a s e s  one  h o u r  a f t e r  t h e  r e a c t i o n  was c o m p l e t e d  as  

shown Dy t h e  d e c r e a s e  o f  t e m p e r a t u r e  to  room t e m p e r a t u r e .

I n  some c a s e s  t h e  s t i r r i n g  was c o n t i n u e d  s e v e r a l  h o u r s  arid 

t h e  r e a c t i o n  p r o d u c t s  a l l o w e d  to  s t a n d  o v e r  n i g h t  b e f o r e  

t h e y  were  h y d r o l y z e d .  B o th  p r o c e d u r e s  w ere  u s e d  s e v e r a l  

t i m e s  w i t h  e a c h  a l c o h o l .  No d i f f e r e n c e  i n  t h e  p r o d u c t s  i s o 

l a t e d  was o b s e r v e d  e x c e p t  i n  t h e  amount o f  g a s  d i s s o l v e d  i n  

t h e  s o l v e n t .  S e v e r a l  m o le s  o f  e a c h  o f  t h e  a l c o h o l s  w ere  c o n 

d e n s e d  u n t i l  t h e  am oun ts  o f  t h e  h i g h  b o i l i n g  f r a c t i o n s  o f  t h e  

c o n d e n s a t i o n  p r o d u c t s  w e re  l a r g e  enough  f o r  f r a c t i o n a t i o n .

T h i s  was e s p e c i a l l y  t r u e  i n  t h e  c a s e  o f  2 , 2 , 3 - t r i m e t h y l -  

p e n t a n o l - 3  a n d  2 , 3 , 3 - t r i m e t h y l p e n t a n o l - 2  b e c a u s e  o f  t h e  

s m a l l  y i e l d  o f  t h e  h i g h e r  f r a c t i o n s .  W hile  t h e  c o n d e n s a t i o n  

p r o d u c t s  w e re  d r y i n g ,  t h e  g a s e s  c o l l e c t e d  i n  t h e  n i t r o m e t e r  

( f i g u r e  1) a nd  I n  t h e  t r a p s  (K) and  ( J }  were  a n a l y z e d .  The 

g a s e s  w h ic h  c o u l d  n o t  be  l i q u i f i e d  b y  t h e  t r a p  (K) were  

a n a l y z e d  w i t h  H em p e l ’ s g a s  a n a l y s i s  a p p a r a t u s .  The g a s e s  

g av e  a n  a v e r a g e  v a l u e  o f  13 -1 9  p e r  c e n t  ox ygen  when o n e - h a l f  

to  t h r e e - f o u r t h s  o f  a mole  o f  a l c o h o l  was c o n d e n s e d .  T h is  

was I n t e r p r e t e d  t o  mean t h a t  a i r  e n t e r e d  t h e  s y s t e m  t h r o u g h  

t h e  g l y c e r i n e  s t i r r e r  a f t e r  t h e  b a c k  p r e s s u r e  f ro m  t h e  r e a c 

t i o n  h a d  s u b s i d e d .

M e th a n e ,  h y d r o g e n ,  a nd  e t h a n e  w ere  s u s p e c t e d  a s  b e i n g  

p r e s e n t  i n  t h e  g a s e s  s i n c e  t h e y  b u r n e d  w i t h  a f a i n t  b l u e  

f l a m e .  B u t  i f  p r e s e n t ,  t h e y  were  I n  to o  s m a l l  c o n c e n t r a t i o n s



3 0 .

t o  be  d e t e c t e d  and  s e p a r a t e d  w i t h  t h e  a p p a r a t u s .  However ,  

t h e  g a s e s  p a r t l y  r e d u c e d  c u p r i c  o x i d e  i n  t h e  c a s e  o f  2 , 3 , 3 -  

t r i m e t h y l b u t a n o 1 - 2  c o n d e n s a t i o n .  I n  a n o t h e r  c a s e ,  t h e  

c u p r i c  o x i d e  was c h a r r e d  t o  a c a r b o n - l i k e  m a s s .  S in c e  t h e s e  

g a s e s  w e re  s m a l l  i n  am ount  and  c o u l d  n o t  be  l i q u i f i e d  u n d e r  

t h e  c o n d i t i o n s ' ^ ,  no f u r t h e r  work was a t t e m p t e d  w i t h  them .

One t o  two grams o f  b e n z e n e  an d  s m a l l  am ounts  o f  a l c o h o l  

w ere  c o l l e c t e d  i n  t r a p  ( J )  i n  e a c h  c o n d e n s a t i o n .  M e thy l  

c h l o r i d e  was l i q u i f i e d  i n  t r a p  (K) when 2 , 2 , 3 - t r i m e t h y l -  

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

t h e  c a s e  o f  2 , 3 - d i m e t h y l b u t a n o l - 2 ? 2 , 3 - d i m e t h y l p e n t a n o l - 2 ,  

and  2 , 3 , 3 - t r i m e t h y l b u t a n o l - 2  no l i q u i d  was d e t e c t e d  i n  t r a p  

(K) b u t  t h e  g a s e s  f rom  t h e  n i t r o m e t e r  b u r n e d  w e a k ly  w i t h  a 

b l u e  f l a m e  a n d  a y e l l o w  t o  g r e e n i s h  f r i n g e .

A f t e r  d r y i n g ,  t h e  s o l v e n t s  f o r  t h e  l i q u i d  f r a c t i o n s  o f  

t h e  c o n d e n s a t i o n  p r o d u c t s  were  d i s t i l l e d  a t  a t m o s p h e r i c  

p r e s s u r e  w i t h  a m o d i f i e d  C l a i s e n  f l a s k  h a v i n g  a f o u r t e e n  

i n c h  colum n ( 4 4 ) .  The d i s t i l l a t i o n s  were  c o n t i n u e d  f o r  m ost  

o f  t h e  c o n d e n s a t i o n s  f rom  t h i s  p o i n t  w i t h  t h e  s p e c i a l  co lumn 

b u i l t  b y  B a r r e t t  (3 )  u n t i l  i t  was n e c e s s a r y  f o r  d i s t i l l a t i o n  

a t  r e d u c e d  p r e s s u r e  f o r  an  e x t e n d e d  p e r i o d  w i t h  s m a l l  am oun ts  

of m a t e r i a l .  The s p i n n i n g  b a n d  c o u l d  n o t  be  u s e d  f o r  l o n g  

p e r i o d s  and  t h e  s p i r a l  gave  to o  l a r g e  a h o l d - u p .  The f r a c 

t i o n s  w ere  d i s t i l l e d  f ro m  t h i s  p o i n t  w i t h  s m a l l  m o d i f i e d  

C l a i s e n  f l a s k s  w i t h  co lum ns  o f  v a r i o u s  l e n g t h s  a c c o r d i n g  to

(1 )  The c o n c e n t r a t i o n  o f  g a s e s  was s m a l l  b e c a u s e  o f  t h e  e n 
t r a n c e  o f  a i r  a f t e r  t h e  b a c k  p r e s s u r e .  T h i s  m i x t u r e  o f  
s i r  and  h y d r o c a r b o n s  c o u l d  n o t  be s a t i s f a c t o r i l y  a n a 
l y z e d  w i t h  th e  Hempel a p p a r a t u s .



t h e  s i z e  o f  f r a c t i o n s .  F a i r l y  good s e p a r a t i o n s  were  made 

w i t h  f l a s k s  h o l d i n g  5 m l .  o f  s o l u t i o n  w i t h  s i x  i n c h  c o lu m n s .

D i s t i l l a t i o n  d i f f i c u l t i e s  w ere  g r e a t l y  r e d u c e d  by  r e 

m ov ing  t h e  a l k y l  c h l o r i d e  b e f o r e  d i s t i l l a t i o n  was c o n t i n u e d  

b e y o n d  t h e  low b o i l i n g  f r a c t i o n s .  T h i s  was a c c o m p l i s h e d  b y  

r e f l u x i n g  w i t h  s t i r r i n g ,  t h e  c om bined  h i g h  f r a c t i o n s  ( t h o s e  

b o i l i n g  abo ve  1 1 5 -1 3 0  d e g r e e s  c e n t i g r a d e )  f r o m  two t o  f o u r  

h o u r s  w i t h  a n  e q u a l  volume o f  f i f t y  p e r  c e n t  a l c o h o l i c  p o 

t a s s i u m  h y d r o x i d e ( .  The l a y e r s  were s e p a r a t e d  w i t h o u t  

a d d i n g  w a t e r  and  t h e  o r g a n i c  l a y e r  was washed  s e v e r a l  t i m e s  

w i t h  w a t e r -  The r e m a i n i n g  e m u l s i o n  was w ashed  w i t h  w a t e r ,  

t h e  o r g a n i c  l a y e r  s e p a r a t e d  and  w ashed  s e v e r a l  t i m e s  w i t h  

w a t e r .  The co m b in ed  o r g a n i c  l a y e r s  were  d r i e d  w i t h  a n h y 

d r o u s  p o t a s s i u m  c a r b o n a t e .  Upon d i s t i l l a t i o n  t h e  m a t e r i a l  

was f o u n d  f r e e  f ro m  c h l o r i d e  a s  a r u l e .  Som etim es  i t  was 

n e c e s s a r y  t o  r e p e a t  t h e  p r o c e d u r e .  E ven  a s m a l l  amount  o f  

t h e  a l k y l  c h l o r i d e  made s e p a r a t i o n  d i f f i c u l t  w i t h  r e s u l t i n g  

h i g h  v a l u e s  f o r  t h e  c o n s t a n t s  o f  e a c h  f r a c t i o n .  The above 

t r e a t m e n t  a n d  c a r e f u l  d i s t i l l a t i o n  f o r  f r a c t i o n s  l e s s  t h a n  

t w e n t y  grams g av e  f r a c t i o n s  s u f f i c i e n t l y  p u r e  f o r  t h e  p r e p 

a r a t i o n  o f  d e r i v a t i v e s  a f t e r  c o n s t a n t s  and  q u a l i t a t i v e  t e s t s  

h a d  i n d i c a t e d  t h e  c l a s s  o f  compound i n v o l v e d ,  a l t h o u g h  some 

f r a c t i o n s  w ere  more o r  l e s s  m i x t u r e s  a f t e r  f i n a l  d i s t i l l a 

t i o n .  A s m a l l  t a r r y  r e s i d u e  r e m a in e d  i n  e a c h  c o n d e n s a t i o n .

(1 )  The a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  was made b y  a d d i n g  d i 
r e c t l y  t o  t h e  r e a c t i o n  f l a s k  50 gram s o f  p o t a s s i u m  h y 
d r o x i d e  and 50 grams o f  a l c o h o l  f o r  e a c h  100 grams o f  
o r g a n i c  m a t e r i a l .  No w a t e r  was u s e d  a t  t h i s  p o i n t .
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bo m et im es  f r a c t i o n s  b o i l i n g  h i g h e r  t h a n  t h e  e x p e c t e d  p r o d u c t  

w e re  o b t a i n e d  i n  a p p r e c i a b l e  q u a n t i t i e s  a n d  were  s u s p e c t e d  

o f  b e i n g  d i -  and  t r i - s u b s t i t u t e d  a l k y l b e n z e n e s .

P a r t  A - - T h e  c o n d e n s a t i o n  o f  2 , 3 - d i m e t h y l b u t a n o 1 -2  

w i t h  b e n z e n e  i n  t h e  p r e s e n c e  o f  a n h y d r o u s  

a luminum c h l o r i d e .

F r a c t i o n  I  2 , 3 - D i m e t h y l b u t e n e - 1  

T h ree  to  f i v e  g ram s o f  t h i s  m a t e r i a l  p e r  mole o f  a l 

c o h o l  c o n d e n s e d  was I s o l a t e d  when t h e  s o l v e n t  was rem oved .

I t  gave  a n  u n s a t u r a t e d  L es t  w i t h  a 5 p e r  c e n t  s o l u t i o n  o f  

b r o m in e  i n  c a r b o n  t e t r a c h l o r i d e  and  was f r e e  f ro m  c h l o r i d e .  

L a r g e r  am ou n ts  w ere  i s o l a t e d  a f t e r  t h e  a l c o h o l i c  p o t a s s i u m  

h y d r o x i d e  t r e a t m e n t ,  a n d  b o t h  p o r t i o n s  were  i d e n t i f i e d  a s

2 , 3 - d i m e t h y l b u t e n e - l  b y  p r e p a r i n g  2 - c h l o r o - 2 , 3 - d i m e t h y l -  

b u t a n e  f rom  t h e  a l c o h o l ^ ^  a c c o r d i n g  to  the  m e tho d  g i v e n  by 

S h r i n e r  a n d  P u so n  ( 45)  a nd  t r e a t i n g  t h i s  c h l o r i d e  w i t h  a l c o 

h o l i c  p o t a s s i u m  h y d r o x i d e .  ' The  p r o d u c t  o b t a i n e d  was i d e n t i 

c a l  w i t h  t h a t  o b t a i n e d  f ro m  t h e  c o n d e n s a t i o n .  The c o n s t a n t s  

c h e c k e d  w i t h  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 5 1 ) .  The 

v r e l d ^ )  and  c o n s t a n t s  7/ere d e te rm in e d ,  a s f o l l o w s :

1) See  P a r t  d o n  p r o o f  o f  s t r u c t u r e .

( 2 )  A l l  y i e l d s  f o r  t h e  c o n d e n s a t i o n s  were  b a s o u  u i r c c  f l y  
u :on' t h e  a l c o h o l  u n l e s s  o t h e r w i s e  i n d i c a t e d .  I d e n 
t i f i e d  f r a c t i o n s  w e r e  c a l c u l a t e d  i n  t e r m s  o f  ' o r  c a n : , ,  
w h i l e  u n i d e n t i f i e d  f r a c t i o n s  a n d  r e s i d u e s  w e r e  r e p o r u e a  
i n  or-am s .
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R C a l c .  2 9 .5 3  Obs .  2 9 .3 3

F r a c t i o n  I I  2 - C h l o r o - 2 , 3 - d i m e t h v l b u t a n e

T h i s  f r a c t i o n  d i s t i l l e d  w i t h o u t  d i f f i c u l t y a f t e r  t h e

s o l v e n t  was rem o v ed .  I t  gave  a h e a v y  c h l o r i d e  t e s t w i t h

a l c o h o l i c  s i l v e r  n i t r a t e ,  and  t h e  same c o n s t a n t s as t h e  co 111-

pound  p r e p a r e d  f r o m  t h e  a l c o h o l  f o r  th e  p u r p o s e s o f F r a c t i o n

I -  The c o n s t a n t s  c h e c k e d  w i t h  t h o s e  r e p o r t e d  i n th e l i t e r -

a t u r e  ( 5 9 ) . I t  gave  t h e  f o l l o w i n g  y i e l d  and  c o n s t a n t s :

Y i e l d : 18%

B741 : 1 0 6 -1 0 9 ° C .

n 20 . 1 .4 2 9 8

d 20 . 
4

0 .8 7 7 2

mr !
C a l c .  3 4 .6 7  Obs .  3 5 . 4 0

F r a c t i o n  I I I  2 - Methy1 - 2 - p h e n y l p r o p a n e

T h i s  f r a c t i o n  was i s o l a t e d  i n  s m a l l  am ounts  when one 

mole  o r  more o f  t h e  a l c o h o l  was c o n d e n s e d .  I t  was i d e n 

t i f i e d  b y  means o f  t h e  a c e t a m i n o  d e r i v a t i v e ( ( 4 6 )  w h ic h

(1 )  T w o - t h i r d s  o f  t h i s  y i e l d  came f ro m  t h e  d e c o m p o s i t i o n  o f  
t h e  c h lo r o - c o m p o u n d  b y  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e .

M o l e c u l a r  r e f r a c t i o n  d a t a  f o r  a l l  t h e  c a l c u l a t i o n s  
w ere  t a k e n  f rom  S w i e t o s l a w s k i  ( 5 8 ) .

( 2 ) S e e  P a r t  F f o r  t h e  p r e p a r a t i o n  o f  d e r i v a t i v e s .
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r e q u i r e d ,  many r e c r y s t a l l i z a t i o n s  f o r  p u r i f i c a t i o n .  The 

p h y s i c a l  c o n s t a n t s  a g r e e d  w i t h  t h o s e  r e p o r t e d  by  H e n n io n  

and  A uspos  ( 5 2 ) .  Tne f o l l o w i n g  c o n s t a n t s ,  e x c e p t  t h e  d e 

r i v a t i v e ,  w ere  o b t a i n e d  a f t e r  c o m b in in g  s e v e r a l  o f  t h e s e  

f r a c t i o n s  f rom  s e v e r a l  c o n d e n s a t i o n s  i n  o r d e r  t o  p u r i f y  t h e  

f r a c t i o n :

0 . 9 %

1 6 5 -1 6 8 ° C .

5 2 -5 4  C.

1 .4 9 1 0  

0 . 8 6 3 2

C a l c .  4 4 . 8 5  Obs .  4 3 . 9 5  

2-Met h y l - 2 - p - a c e t a m i n o p h e n y l  p r o p a n e  

1 6 8 -1 7 1 ° C .

Y i e l d  

B,

B 

n.

D 

M.

741

510
i20D
.20
A

R
M P t .

F r a c t i o n  IV 2 , 3 -D im e t h y l - 2 - p h e n y l b u t a n e  

T h i s  f r a c t i o n  was t h e  e x p e c t e d  c o n d e n s a t i o n  p r o d u c t  and  

was o b t a i n e d  i n  good  y i e l d s .  I t  was d i s t i l l e d  w i t h  t h e  

s p e c i a l  co lum n u s i n g  t h e  s p i r a l  c o i l  ( 3 ) .  I t s  i d e n t i t y  was 

v e r i f i e d  b y  t h e  a c e t a m i n o  d e r i v a t i v e (1 )  and  t h e  c o n s t a n t s  

c h e c k e d  c l o s e l y  w i t h  t h o s e  f o u n d  b y  o t h e r  w o r k e r s  i n  t h i s  

l a b o r a t o r y  ( 4 7 ) .

The f o l l o w i n g  y i e l d  and  c o n s t a n t s  w ere  d e t e r m i n e d :

(1)  See P a r t  F f o r  t h e  p r e p a r a t i o n  o f  d e r i v a t i v e s .
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Y i e l d ;  40%

B741 : 203 - 2 0 5 ° G.

B25 : 9 9 - 1 0 1 ° c .
20nD : 1 . 4 9 8 8

D^° : 0 .8814-

mr : C a l c .  5 4 .0 5  Obs .  5 4 .0 7
M . P t . :  2 , 3 -D im e t h y l - 2 - p - a c e t a m i u e p h e n y l  b u t a n e  11B-119 C.

F r a c t i on  V T a r r y  r e s i d u e  

Y i e l d :  1 gram *1 ■

P a r t  B — The c o n d e n s a t i o n  o f  2 , 3 - d i m e t h y l p e n t a n o l - 2

. 4T> ,̂-U ,T,1 
> x  c tx u .i^ y v j .xwl uu b e n z e n e  i n  t h e  p r e s e n c e  o f  enViTrrr

a lum inum  c h l o r i d e .

F r a c t i o n  I  2 , 3 - D i m e t h y l p e n t e n e - 1  

T h i s  f r a c t i o n  was s e p a r a t e d  f ro m  t h e  b e n z e n e  i n  s m a l l  

am oun ts  w i t h  d i f f i c u l t y .  I t  was d i f f i c u l t  to  d e t e r m i n e  th e  

t o t a l  am ount  t h a t  was fo rm ed  d u r i n g  t h e  c o n d e n s a t i o n  f o r  

t h i s  r e a s o n .  I t  was i d e n t i f i e d  by  c o m p a r i s o n  w i t h  t h e  com

pou nd  p r e p a r e d  f rom  2 - c h l o r o - 2 , 3 - d i m e  t h y l p e n t a n e  a c c o r d i n g  

to  t h e  p r o c e d u r e s  u s e d  i n  P a r t  A, F r a c t i o n  1 .  The p h y s i c a l  

c o n s t a n t s  c h e c k e d  w i t h  t h o s e  r e p o r t e d  i n  t h o  l i t e r a t u r e  ( 5 3 ) .  

The f o l l o w i n g  y i e l d  and  c o n s t a n t s  were  d e t e r m i n e d :

Y i e l d : io%'( 1 )

B744 : 8 2 -84 °C
20

n D : 1 . 4 0 2 5

D?0 : 4 0 . 7 0 5 5

M r  : C a l c . 3 4 .9 8 Obs.  3 4 . 2 8

(1 )  F o u r - f i f t h s  o f  t h i s  y i e l d  was o b t a i n e d  f rom  F r a c t i o n  I I  
o f  t h i s  c o n d e n s a t i o n  by  t h e  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  
t r e a t m e n t .



3 6 .

F r a c t i o n  I I  2 - C h l o r o - 2 , 3 - d i m e t h y l p e n t a n e  

T h i s  f r a c t i o n  decom posed  on  a t t e m p t s  t o  d i s t i l l  i t  a t  

a t m o s p h e r i c  p r e s s u r e .  I t  gave  a h e a v y  c h l o r i d e  t e s t  a nd  was 

co m p ared  w i t h  t h e  c h l o r i d e  p r e p a r e d  f rom  th e  a l c o h o l  a s  i n  

P a r t  A, F r a c t i o n  I .  The c o n s t a n t s  p r o v e d  t h a t  t h e  compounds 

were  i d e n t i c a l  a nd  t h e y  a g r e e d  w i t h  c o n s t a n t s  d e t e r m i n e d  "by 

B i n d e r  ( 3 7 ) .  The f o l l o w i n g  c o n s t a n t s  w ere  d e t e r m i n e d :

Y i e l d : 14 $

Bi s  > 39-42°C
20 

Hd : 1 .4 3 5 5

D f  : 0 .8 7 8 3

mr :
C a l c .  3 9 .2 7 Obs.  3 9 . 9 5

Cl : C a l c .  2 6 .3 7 $ Found 2 6 .9 9 $  ^1 ^

F r a c t i o n  I I I  2 - M e t h y l - 2 - p h e n y l p r o p a n e  

T h i s  f r a c t i o n  was n o t  s e p a r a t e d  e a s i l y  u n t i l  one o r  

more m o le s  o f  t h e  a l c o h o l  was c o n d e n s e d .  The a c e t a m i n o  d e 

r i v a t i v e  ( f o r  one c o n d e n s a t i o n  was p u r i f i e d  w i t h  d i f f i 

c u l t y .  I t  gave  t h e  same c o n s t a n t s  a s  F r a c t i o n  I I I ,  P a r t  A. 

F r a c t i o n s  f ro m  s e v e r a l  c o n d e n s a t i o n s  were  s a v e d  and  p u r i 

f i e d  I n  o r d e r  t o  d e t e r m i n e  t h e  f o l l o w i n g  c o n s t a n t s :

(1 )  The a n a l y s i s  f o r  t h e  c h l o r i n e  was by P r e g l ' s  m ic ro  
t e c h n i q u e .

(2 )  See P a r t  F f o r  t h e  p r e p a r a t i o n  o f  d e r i v a t i v e s .



3 7 .

Y i e l d 1%

B740 165-168°C *

0 .8 6 3 1

1 .4 9 1 2

57-59°C

C a l c .  4 4 . 8 5 Obs.  4 3 . 9 5

M. P t 2-Met h y l - 2 - p - a c e t a m i n o p h e n y l  p r o p a n e

1 6 8 - 1 7 1 ° C •

F r a c t i o n .  IV 2 , 3 -D im e t h y l - 2 - p h e n y l p e n t a n e  

T h i s  f r a c t i o n  was t h e  e x p e c t e d  c o n d e n s a t i o n  p r o d u c t  and  

was e a s i l y  p u r i f i e d  f ro m  t h e  a l k y l  c h l o r i d e .  I t  was v e r 

i f i e d  b y  t h e  a c e t a m i n o  d e r i v a t i v e ,  and  t h e  c o n s t a n t s  c h e c k e d  

w i t h  t h o s e  p r e v i o u s l y  d e t e r m i n e d  f o r  t h i s  compound i n  t h i s  

l a b o r a t o r y  ( 4 7 ) *  The f o l l o w i n g  y i e l d  an d  c o n s t a n t s  were  d e 

t e r m i n e d :

Y i e l d :  22%

B740 : 2 1 9 - 2 2 1 ° C .

B ' : 105-IOT*C,-U

1 .4 9 6 6

0 .8 8 0 1
4

C a l c .  5 8 .6 5 Obs.  5 8 .4 3

M. P t 2 ,3 - D i m e t h y l - 2 - p - a c e t a m i n o p h e n y l  p e n t a n e  

8 5 - 8 6 ° C .

F r a c t i o n  V T a r r y  r e s i d u e  

Y i e l d :  2 grams



3 8 .

P a r t C  - - T h e  c o n d e n s a t i o n  o f  2 , 3 , 3 - t r i m e t h y l b u t a n o l - 2  

w i t h  b e n z e n e  i n  t h e  p r e s e n c e  o f  a n h y d r o u s  

a lum inum  c h l o r i d e ( 1 ) .

F r a c t i o n  I  2 - O h i o r o - p r o p a n e  

T h i s  f r a c t i o n  was v e r y  s m a l l  and  s m a l l  am ounts  o f  th e  

d e r i v a t i v e  wsre i s o l a t e d .  The a n i l i d e  was p r e p a r e d  i n  th e  

m an n e r  d e s c r i b e d  by  S h r i n e r  and  Fu son  ( 4 5 ) ,  Sm all  am ounts  

o f  t h e  p u r i f i e d  d e r i v a t i v e  were  o b t a i n e d .  The e t h e r  s o 

l u t i o n  gave  a s t r o n g  c h l o r i d e  t e s t  a f t e r  c a r e f u l  w a s h in g  

w i t h  10 p e r  c e n t  sod ium  c a r b o n a t e  s o l u t i o n .  T h i s  i n d i c a t e d  

t h a t  t h e  c h l o r i d e  was n o t  due to  d i s s o l v e d  h y d r o g e n  c h l o r 

i d e .  The a l k y l  c h l o r i d e  was c o n c e n t r a t e d  by  c a r e f u l l y  

f r a c t i o n a t i n g  t h e  e t h e r  s o l u t i o n  f ro m  t h e  c o n d e n s a t i o n  e x 

t r a c t i o n  w i t h  t h e  s p e c i a l  co lum n ( 3 ) .  The f r a c t i o n  could n o t  

be  c o m p l e t e l y  s e p a r a t e d  f ro m  t h e  e t h e r  b e c a u s e  o f  th e  c l o s e  

r a n g e  o f  t h e  b o i l i n g  p o i n t s  o f  t h e  two compounds .  The e t h e r  

m i x t u r e  b o i l i n g  f r o m  3 5 -3 6  d e g r e e s  c e n t i g r a d e  a t  750 mm. was 

u s e d  f o r  t h e  p r e p a r a t i o n  o f  t h e  d e r i v a t i v e  ", S i n c e  t h e  

i s o p r o p y l  c h l o r i d e  was n o t  c o m p l e t e l y  s e p a r a t e d  and  t h e  p u r e  

a n i l i d e  o b t a i n e d  i n  s m a l l  a m o u n t s ,  no y i e l d  was c a l c u l a t e d .

"(1) T h i s  a l c o h o l  was i n v e s t i g a t e d  i n  d e t a i l  by  B a r r e t t  (3)  
and  was s e l e c t e d  h e r e  i n  o r d e r  to  compare  t h e  g a s e s  and  
u n s a t u r a t e d  compounds w i t h  t h e  a l c o h o l s  i n  t h i s  s e r i e s  
u n d e r  t h e  same c o n d i t i o n s  and  w i t h  th e  same t e c h n i q u e s .
T h i s  a l c o h o l  was p a r t i c u l a r l y  d i f f i c u l t  t o  h a n d l e  and  
c o n d e n s e .  The a l c o h o l  fo rm ed  a s o l i d  h y d r a t e  and  a 
s o l i d e  c h l o r i d e .  They d i s t i l l e d  t o g e t h e r  and  were  
s e p a r a t e d  b y  f r a c t i o n a l  c r y s t a l l i z a t i o n .



59.

M. Pt .  r 2 - M e t h y l - p r o p i o n a n i l i d e ^ )

1 0 5 - 1 0 8 ° C .

F r a c t i o n  I I  1 , 2 - D ib r o m o - e th a n e

T h l a  f r a c t i o n  was o b t a i n e d  i n  o n e  t o  two g r am y i e l d s  

b y  means  o f  t h e  b r o m i n e  t r a p  (P)  f i g u r e  1 ,  when t h r e e - f o u  r t h s  

o f  a m o l e  o r  more  o f  t h e  a l c o h o l  was c o n d e n s e d .  The e x c e s s  

b r o m i n e  was d e s t r o y e d  w i t h  a q u e o u s  s o d i u m  b i s u l p h i t e . The 

m i x t u r e  was  e x t r a c t e d  w i t h  e t h e r ,  d r i e d  o v e r  a n h y d r o u s  

s o d i u m  s u l p h a t e ,  f i l t e r e d ,  a n d  d i s t i l l e d  i n  a s m a l l  m o d i 

f i e d  C l a i s e n  f l a s k .  The compound was s u f f i c i e n t l y  p u r e  to 

oc i'6 co cl b y  j> t> ,h odo r  cam cl j.. l> s c o n s  t.;iu pS corrcijva.^tr.icu^ cg

t i i o se  l i s t e d  i n  c h e m i s t r y  h a n d b o o k s • The f o l l o w i n g  c o n s t a n t s  

'; !< ■ : r e  do t o m  l. rad :

Y i e l d :  0 , 8 7 y

B : 1 3 0 - 1 5 2 ° C.
7 4- a

P  a - j -  .  p  p . O nhi « j u  * * 'J  • *-> \_t 9

1 . 5 4 0 1

F r a c t i o n  I I I  1 , B - D i b r o r n o - r r o p a n o  

T h i s  f r a c t i o n  was o b t a i n e d  i n  s m a l l  y i e l d  when one mole 

o f  t h e  a l e  oho ?_ was c o n d e n s e d  • I t  was c o l l e c t ' d  du r i n g  the  

d i s t i l l a t i o n  o f  f r a c t i o n  I I  a b o v e  and  i t s  b o i l i n g  p o u r  o e -  

;,e r u i n e d  a t  t h a t  Lime. The p u r i f i e d  p u t '  on was a n a l y z e d  

f o r  h a l o g e n  b p  t h e  C a c t u s  p r o c e d u r e  ( i f ) ,  

ci t s t . a  w e  m  o o  t a i  a e c i  :

( 1 )  p h i s  d e r i v a t i v e  h a s  b e e n  r e p o r t e d  o y  U n n e r v / o o d  a r i d  

C a l c  ( 6 0 ) .



Y i e l d

B744

Br

0.5%

1 3 8 - 1 4 5 ° C .

C a l c .  79.15% Found 7 8 . 3 7 %

F r a c t i o n  IV 2 , 3 , 3 - T r i m e t h y l b u t e n e - l  

S m a l l  a m o u n ts  o f  t h i s  f r a c t i o n  wore o b t a i n e d  when th e  

s o l v e n t  was rem o v e d ,  b u t  t h e  g r e a t e r  p o r t i o n  came f ro m  t h e  

d e c o m p o s i t i o n  o f  t h e  c h lo r o - c o m p o u n d  w i t h  50 p e r  c e n t  a l c o 

h o l i c  p o t a s s i u m  h y d r o x i d e .  I t  was i d e n t i f i e d  b y  i t s  p r e p a 

r a t i o n  f ro m  2 - c h l o r o - o , 3 , 3 - t r i m e t h y l  b u t a n e  w h ic h  was p r e 

p a r e d  f r o m  t h e  a l c o h o l  a s  I n  P a r t  A, F r a c t i o n  I .  The 

c o n s t a n t s  c o r r e s p o n d e d  to  t h o s e  r e p o r t e d  i n  th e  l i t e r a t u r e  

( 5 4 ) .  The f o l l o w i n g  y i e l d  a n d  c o n s t a n t s  w ere  o b t a i n e d :  

Y i e l d :  5%( 1 )

B743

Df
M.R

7 4 - 7 6 ° C .

1 .4 0 2 3

0 .7 0 2 9

C a l c .  3 5 . 9 3 O bs .  3 3 .4 8

F r a c t i o n  V 2 - C h l o r o - 2 , 3 , 3 - 1 r i m e t h y l b u t a n e  

T h i s  f r a c t i o n  was a s o l i d  c h l o r i d e  and  d i s t i l l e d  o v e r  

w i t h  t h e  s o l i d  h y d r a t e  o f  t h e  a l c o h o l .  I t  was n e c e s s a r y  to  

s e p a r a t e  them f ro m  t h e  h i g h e r  f r a c t i o n s  and  t h e n  d e t e r m i n e  

t h e  amount  o f  c h l o r i n e ( f r o m a m i x t u r e  o f  th e  tw o .  The 

c h l o r i n e  c o n t e n t  was 8 .38% . The a l k y l  c h l o r i d e  was i d e n t i 

f i e d  b y  means o f  i t s  p r e p a r a t i o n  f ro m  t h e  a l c o h o l  a s  s t a t e d

(1 )  B a se d ~ o n  t h e  " a l k y l  c h l o r i d e  f rom  th e  c o n d e n s a t i o n ,  w h ic h  
i n  t u r n  was c a l c u l a t e d  f rom  a m i x t u r e  o f  t h e  h y d r a t e  o f  
t h e  a l c o h o l  b y  a C a r i u s  a n a l y s i s  ( 4 9 ) .



4 1 .

i n  F r a c t i o n  IV a b o v e .  The f r e e z i n g  p o i n t  and b o i l i n g  p o i n t  

c h e c k e d  w i t h  t h o s e  o b t a i n e d  by  B a r r e t t  ( 3 ) .  The f o l l o w i n g  

c o n s t a n t s  w ere  d e t e r m i n e d :

Y i e l d :  2 % ^

B745 : 1 2 9 -1 3 1 °C .

M . P t . :  1 2 3 ° c .

F r a c t i o n  VI H y d r a t e  o f  2 , 3 >3 - t r i m e t h y l b u t a n o l - 2  

T h i s  compound was t h e  a l c o h o l  w i t h  one m o le c u l e  o f  

w a t e r  w h ic h  fo rm ed  a s o l i d  a s  d i s c u s s e d  i n  F r a c t i o n  IV. I t  

was i d e n t i f i e d  b y  e x p o s i n g  t h e  a l c o h o l  ( 2 , 3 , 3 - t r i m e t h y l -  

b u t a n o i - 2  t o  m o i s t  a i r .  'The c r y s t a l s  were  s e p a r a t e d  and  

d r i e d .  T h i s  compound was i d e n t i f i e d  by B i n d e r  ( 5 7 ) .  The 

y i e l d  and  t h e  c o n s t a n t s  were  d e t e r m i n e d  a s  f o l l o w s :

Y i e l d :  1 % ^

B74q : 1 2 0 - 1 2 4 ° C •

M . P t . :  8 0 - 8 2 ° C .

F r a c t i o n  V I I  2-Met h y l - 2 - p h e n y l p r o p a n e  

T h i s  compound was o b t a i n e d  a f t e r  t h e  s o l i d s  were c l e a r e d  

f ro m  t h e  c o n d e n s a t i o n  p r o d u c t s  and  I d e n t i f i e d  a s  i n  P a r t  A 

and  B. The f o l l o w i n g  y i e l d  and  c o n s t a n t s  were o b t a i n e d :

(1)  B a se d  u p o n  t h e  m i x t u r e  f ro m  t h e  c o n d e n s a t i o n .  (See  f o o t 
n o t e  p a g e  4 0 ) .



4 2 .

740

Y i e l d

B 

B 

n 

D

J11
t20
D
}20
4

Mr

M . P t .

1 6 6 - 1 6 9 ° C .

53° C .

1 .4 9 1 0

0 .8 6 3 2

C a l c .  4 4 . 8 5  O b s . 4 3 . 9 5

2-Me t h y l - 2 - p - a c e t a m i n o p h e n y l  p ro p an e

1 6 8 -1 7 0 ° C .

F r a c t i o n  V I I I  2-Met h y l - 2 - p h e n y l b u t a n e  

T h i s  compound was i d e n t i f i e d  b y  i t s  a c e t a m i n o  d e -  

r i v a t l v e v -*• > a nd  t h e  c o n s t a n t s  g i v e n  b y  Fox ( 2 0 ) .  The 

c o n s t a n t s  a l s o  c o r r e s p o n d e d  to  t h o s e  g i v e n  f o r  t h e  f r a c t i o n  

i s o l a t e d  by B a r r e t t  ( 3 ) .  The f o l l o w i n g  y i e l d  and  c o n s t a n t s  

w ere  d e t e r m i n e d :

741

Y i e l d :  

B r  

B
]

nI

*7°

1 8 9 - 1 9 2 ° C •

11
.20
D

.20
4

6 9 - 7 0 ° C .

1 .4 9 3 1  

0 . 8 7 3 5

C a l c .  4 9 . 4 5  Obs.  4 9 . 1 1

2-Met h y l - 2 - p - a c e t a m i n o p h e n y l  b u t a n e  

1 3 9 - 1 4 2 ° C .

F r a c t i o n  IX 2 - M e t h y l - 3 - p h e n y l b u t e n e - 2  

T h i s  f r a c t i o n  c o r r e s p o n d e d  t o  th e  f r a c t i o n  i s o l a t e d  and  

i d e n t i f i e d  b y  B a r r e t t  (3 )  a s  t r i m e t h y l  s t y r e n e  a nd  was o b -

R
M .P t .

(1 )  See P a r t  F f o r  t h e  p r e p a r a t i o n  o f  d e r i v a t i v e s .



45,

t a i n e d .  i n  one t o  two gram y i e l d s  p e r  mole  o f  a l c o h o l  c o n 

d e n s e d .  The f o l l o w i n g  c o n s t a n t s  were  d e t e r m i n e d :

Y i e l d : 1 . 3 #

B727 : 188-193°C

B11 ; 8 8 -9 3  C.

" i °  = 1 .5 1 8 5

o f  : 0 .8 9 2 1

Mr : C a l c .  49

F r a c t i o n X 2 , 3 , 3 -

Obs .  4 9 . 6 0

V ,  4 -  o t  i~, r ,  s r \ 4 -  ,-y ,  v ,  ,.-3 ,—i -v-, ^  ^\J y  -LOO CtV-»00 CUUO. i 1.0* VAOxa-VCXO-i-V w

T h i s  was t h e  e x p e c t e d  a l k y l  b e n z e n e  and  was i d e n t i f i e d

m v »  r t  A  p  O  f  ‘1  n  f  n  W C *  & mm
U l ^  W O  i i O  o . J. A >_/ 1_4 t * V. a s-

t e r m i n e d  a s  f o l l o w s  a nd  c o r r e s p o n d e d  to  t h o s e  o b t a i n e d  by

B a r r e t t  ( 3 ) :

9%

1 0 0 - 1 0 3 °C .

1 .5 0 1 4  

0 .8 6 6 5

C a l c .  5 8 .6 5  O bs .  5 9 .7 7

2 , 3 , 3 - T r i m e t h y l - 2 - p - a c e t a m i n o p h e n y l  b u t a n e

1 4 2 - 1 4 3 ° c .

Y i e l d  

B 

n

D

M.

11
20

‘D
,20
4

R
M . P t .

F r a c t i o n  XI  T a r r y  r e s i d u e  

Y i e l d :  3 grams

P a r t  D — The c o n d e n s a t i o n  o f  2 , 2 , 3 - t r i m e t h y l p e n t a n o l - 3  

w i t h  b e n z e n e  i n  t h e  p r e s e n c e  o f  a n h y d r o u s  

a luminum c h l o r i d e .

(1 )  See P a r t  F f o r  t h e  p r e p a r a t i o n  o f  d e r i v a t i v e s



F r a c t i o n  I  M e th y l  c h l o r i d e  

T h i s  f r a c t i o n  was i s o l a t e d  a s  a l i q u i d  i n  t r a p  ( K) ,  

f i g u r e  1 ,  I t  was i d e n t i f i e s  by d i s t i l l i n g  f rom  th e  c o n 

t a i n e r  i n  w h ich  i t  was c o l l e c t e d  i n t o  a n o t h e r  tu b e  th e  

same s i z e .  The two c o n t a i n e r s  were  c o n n e c t e d  w i t h  a d e 

l i v e r y  t u b e ,  A low t e m p e r a t u r e  t o l u e n e  t h e r m o m e te r  was 

p l a c e d  i n  t h e  d i s t i l l i n g  t u b e  by  means o f  a  two h o l e  r u b b e r  

s t o p p e r .  The o t h e r  h o l e  was u s e d  f o r  t h e  d e l i v e r y  t u b e .

The r e c e i v i n g  tu b e  was l e f t  f r e e  to  t h e  a i r .  B o th  t u b e s  

w ere  p l a c e d  i n  b a t h s  o f  s o l i d  c a r b o n  d i o x i d e  and  a c e t o n e .

The t e m p e r a t u r e  was c o n t r o l l e d  by  g r a d u a l l y  l i f t i n g  and 

l o w e r i n g  t h e  d i s t i l l i n g  tu b e  i n  t h e  b a t h .  The l i q u i d  was 

d i s t i l l e d  and  s e p a r a t e d  f ro m  s m a l l  am ounts  o f  b e n z e n e  t h a t  

fo r m e d  a s o l i d  i n  t h i s  t r a p ( ^ ) .  Then t h e  m e t h y l  c h l o r i d e  

was c o l l e c t e d  i n  a s m a l l  sam ple  t u b e  h a v i n g  two s i d e  arms 

w i t h  s t o p - c o c k s  and  one  o f  th e  s i d e  arms was an  i n n e r  s e a l e d  

t u b e  r u n n i n g  to  t h e  b o t to m  o f  t h e  sample  t u b e .  T h is  a l l o w e d  

f o r  t h e  m e t h y l  c h l o r i d e  to  be r e t a i n e d  a s  a g a s  and  to  be 

f o r c e d  o u t  s l o w l y  by  l i q u i d s  i n  o r d e r  to  b u r n  i t .  The g as  

b u r n e d  w i t h  a d eep  y e l l o w  f l a m e  w i t h  a g r e e n  f r i n g e .  Known 

m e t h y l  c h l o r i d e  was t r e a t e d  i n  th e  same m anner  a n d  gave  t h e  

same p r o p e r t i e s  a nd  c o n s t a n t s .  T h i s  l e f t  no d o u b t  a s  to  i t s  

i d e n t i t y .

(1 )  T h i s  s m a l l  amount  o f  m a t e r i a l  r e s u l t e d  f rom th e  v a p o r  
l e f t  on t h e  t u b e  when t h e  b e n z e n e  was h e a t e d  to  d r i v e  
o u t  a l l  a i r ,  and  was n o t  t h e  r e s u l t  o f  t h e  i n e f f i c i e n c y  
o f  t h e  t r a p  ( J )  f i g u r e  1 ,  .



4 5 .

Y i e l d :  4#

B745 : ~24 to  - 2 2 ° C .

F r a c t i o n  I I  3 , 4 , 4 - T r i m e t h y l p e n t e n e - 2  

T h i s  f r a c t i o n  c o r r e s p o n d e d  to  3 , 4 , 4 - t r i m e t h y l p e n t e n e - 2  

as  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 5 5 - 5 6 ) .  However ,  th e  p r e s 

e n c e  o f  2 - e t h y l - 3 , 3 - d i m e t h y l b u t e n e - l  was n o t  e x c l u d e d ,  s i n c e  

t h e  c o n s t a n t s  r e p o r t e d  (57)  f o r  t h e  l a t t e r  a l s o  c l o s e l y  

a g r e e d  w i t h  t h e  c o n s t a n t s  o f  t h i s  f r a c t i o n .  -T h is  compound 

was c o m p a red  w i t h  t h a t  o b t a i n e d  f ro m  t h e  a l c o h o l i c  p o t a s 

s ium  h y d r o x i d e  t r e a t m e n t  o f  t h e  c h l o r i d e  p r e p a r e d  f ro m  t h e  

a l c o h o l  a s  i n  P a r t  A, F r a c t i o n  I .  The c o n s t a n t s  o b t a i n e d  

f rom  t h e  two compounds w ere  i n  c l o s e  a g r e e m e n t .  The c a r b o n  

and  h y d r o g e n  were  d e t e r m i n e d  b y  P r e g l ’ s m i c r o - t e c h n i q u e .

The y i e l d  a n d  f o l l o w i n g  c o n s t a n t s  were  d e t e r m i n e d :

Y i e l d : 4 5 $ ( 1 )

B745 : 106-108 °C .

n § °  : 1 .4 2 1 1

D20 : 
4

0 .7 2 8 2

mr : C a l c . 3 9 .2 4 O b s . 3 9 .5 8

G : C a l c . 8 5 .6 1 # Found 8 5 . 5 5 %

H : C a l c . 1 4 .3 8 % Found 1 3 .9 1 #

F r a c t i o n  I I I  3 - C h l o r o - 2 , 2 , 3 - t r i m e t h y i p e n t a n e  

T h i s  compound was i d e n t i f i e d  b y  I t s  p r e p a r a t i o n  f ro m  

th e  a l c o h o l  a s  s t a t e d  above  f o r  F r a c t i o n  I  and  b y  th e  a n a l y 

s i s  o f  t h e  c h l o r i n e  c o n t e n t  b y  P r e g l ' s  m i c r o - m e t h o d .  T h i s

( l )  B ase d  e n t i r e l y  upon  t h e  c h l o r o —compound i n  F r a c t i o n  I I I .



46 .

c h l o r i d e  was v e r y  s t a b l e .  I t  c o u l d  be  d i s t i l l e d  a t  a tm o s 

p h e r i c  p r e s s u r e  and  i t  was n e c e s s a r y  to  r e p e a t  t h e  a l c o h o l i c  

t r e a t m e n t  i n  o r d e r  to  c o m p l e t e l y  c o n v e r t  t h e  compound i n t o  

t h e  u n s a t u r a t e d  c o m p o n e n t .  The c o n s t a n t s  f o r  t h i s  compound 

w ere  n o t  f o u n d  i n  t h e  l i t e r a t u r e .  The f o l l o w i n g  y i e l d  and 

c o n s t a n t s  w ere  d e t e r m i n e d :

Y i e l d  

B

B

n

745

16
20

"D
20D 

M
R

Cl

50$

1 5 8 - 1 6 0 ° C .

5 7 -5 8  C.

1 .4 6 0 9

0 .8 8 4 0

C a l c .  4 3 .8 7  Obs .  4 4 .0 9

C a l c .  2 3 .8 6 $  Pound 2 3 .6 3 $

F r a c t i o n  IV 2-Met h y l - 2 - p h e n y l p r o p a n e  

T h i s  f r a c t i o n  w h ic h  a p p e a r e d  i n  a l l  t h e  c o n d e n s a t i o n s ,  

was i d e n t i f i e d ,  a s  i n  P a r t  A, F r a c t i o n  I I I ,  by i t s  a c e t a m i n o  

d e r i v a t i v e .  The c o n s t a n t s  were  d e t e r m i n e d  a s  f o l l o w s :

Y i e l d  

B

B

n

14

'750 
20 
D4°

“ r

M .P t .

3$

5 7 - 5 9 ° C .

1 66-169  C.

1 .4 9 1 0

0 .8 6 3 2

C a l c .  4 4 . 8 5  Obs .  4 3 . 9 5

2 - M e t h y l - 2 - p - a c e t a m i n o p h e n y l  p r o p a n e

1 6 8 -1 7 0 ° C .



F r a c t i o n  V 2-Met h y l - 3 - p h e n y l p e n t e n e -2  

T h i s  compound was a r o m a t i c  i n  n a t u r e  and  h i g h l y  u n s a t u 

r a t e d .  The a n a l y s i s  and  c o m p a r i s o n  o f  t h e  p h y s i c a l  c o n 

s t a n t s  w i t h  t h e  l i t e r a t u r e  (61)  i n d i c a t e d  t h a t  i t  was a 

s t y r e n e  d e r i v a t i v e .  O x i d a t i o n  w i t h  p o t a s s i u m  p e rm a n g n a te  

gave  d e g r a d a t i o n  p r o d u c t s w h i c h  f u r t h e r  s u p p o r t e d  th e  

e v i d e n c e  t h a t  t h i s  compound was 2- m e t h y l - 3 - p h e n y l - p e n t e n e - 2 . 

The f o l l o w i n g  y i e l d  and  c o n s t a n t s  were  o b t a i n e d :

Y i e l d : 8$

B15 : 7 4 - 7 7 ° C .

n g 0 : 1 .4 9 8 0

I > f °  : 0 .8 7 3 8

Mr : C a l c .  5 3 .6 6 Obs.  5 3 .8 6

C : C a l c .  8 9 .9 2 $ Found 8 8 . 9 9 $

H : C a l c .  1 0 .0 7 $ Found 1 0 .5 4 $

F r a c t i o n VI 3 -Me t h y 1-3 - p h e n y l p e n t a n e

An a t t e m p t  was made to  p r o v e  th e  s t r u c t u r e  o f  t h i s  com

po u nd  by  i t s  c o n v e r s i o n  i n t o  t h e  b e n z o y l  e s t e r , ( 1 ) b u t  due t o  

t h e  s m a l l  y i e l d  o f  m a t e r i a l  w h ic h  was d i f f i c u l t  to  p u r i f y ,  no 

s a t i s f a c t o r y  d e r i v a t i v e  was o b t a i n e d .  H ow ever ,  on t h e  b a s i s  

o f  t h e  d e m e t h y l a t i o n  t h a t  o c c u r r e d  i n  t h i s  c o n d e n s a t i o n ,  and  

on  t h e  b a s i s  o f  th e  p h y s i c a l  c o n s t a n t s  (47)  and  a n a l y s i s  o b 

t a i n e d ,  t h e  e v i d e n c e  was s t r o n g l y  i n  f a v o r  o f  3 - m e t h y l - 3 -  

p h e n y l p e n t a n e  f o r  t h i s  f r a c t i o n .  The f o l l o w i n g  y i e l d  and 

c o n s t a n t s  w ere  o b t a i n e d :

("l)" See " p a r t  G on p r o o f  o f  s t r u c t u r e .
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Y i e l d  

B.

n.

D

M

C

H

15
20

'D
20

R

5%

8 5 - 8 8 ° C .

1 .5 0 1 5

0 .8 8 7 5

C a l c .  5 4 .0 5  

C a l c .  88.81% 

C a l c .  11.19%

Obs.  5 3 .7 7  

Pound 88.75% 

Pound 11.64%

F r a c t i o n  V II  2 , 2 , 3 - T r i m e t h y l - 3 - p h e n y l p e n t a n e  

T h i s  f r a c t i o n  was t h e  e x p e c t e d  a l k y l  b e n z e n e  and  was 

a n a l y z e d  f o r  c a r b o n  and  h y d r o g e n  by  t h e  P r e g l  m i c r o - t e c h n i q u e , 

The c o n s t a n t s  d e t e r m i n e d  a g r e e d  w i t h  t h o s e  d e t e r m i n e d  by  

o t h e r  w o r k e r s  i n  t h i s  l a b o r a t o r y  ( 4 8 ) .  The y i e l d  and  c o n 

s t a n t s  w e re  d e t e r m i n e d  a s  f o l l o w s :

Y i e l d  

B

n
15
20

"D
20d 4

M
I

C

H

R

10%
1 0 7 -1 1 0 °C .

1 .5 0 3 1  

0 .8 9 0 1

C a l c .  63.516 

-Calc ,.  88.34% 

C a l c .  11.66%

Obs.  6 3 . JO

Found 88.29% 

Found 11.73%

F r a c t i o n  V I I I  T a r r y  r e s i d u e  

Y i e l d :  4 grains

P a r t  E — The c o n d e n s a t i o n  o f  2 , 3 , 3 - t r i m e t h y l p e n t a n o l - 2  w i t h  

b e n z e n e  i n  t h e  p r e s e n c e  o f  a n h y d r o u s  a luminum c h l o r 

i d e  .
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F r a c t i o n  I  M e th y l  C h l o r i d e  

T h i s  f r a c t i o n  was i s o l a t e d ,  i n  t r a p  (K) , f i g u r e  1 ,  a s  

a l i q u i d  a s  d e s c r i b e d  i n  P a r t  D, F r a c t i o n  I ,  and  i d e n t i f i e d  

i n  t h e  same way .

Y i e l d :  5%

B74q : - 2 4  t o  - 2 2 ° c .

F r a c t i o n  I I  2 , 3 , 3 - T r i m e t h y l p e n t e n e - 1  

T h i s  f r a c t i o n  was i d e n t i f i e d  i n  t h e  same way a s  th e  

s i m i l a r  f r a c t i o n  i n  P a r t  D, F r a c t i o n  I I .  The c o n s t a n t s  

a g r e e d  w i t h  t h o s e  g i v e n  by  E g l o f f  ( 6 1 ) .  The f o l l o w i n g  y i e l d  

a nd  c o n s t a n t s  were  o b t a i n e d :

Y i e l d :  5 0 $ ( 1 )

B744 : 1 0 6 -1 0 9  C.

n § °  : 1 . 4 2 0 5

D^° : 0 .7 3 6 6

: C a l c .  3 8 .5 3  O bs .  3 8 .1 1

F r a c t i o n  I I I  2 - C h l o r o - 2 , 2 , 3 - t r i m e t h y l p e n t a n e  

T h i s  compound was i d e n t i f i e d  b y  i t s  p r e p a r a t i o n  f ro m  th e  

a l c o h o l  b y  t h e  p r o c e d u r e  d e s c r i b e d  i n  P a r t  A, F r a c t i o n  I  ( 4 5 ) .  

The c h l o r i d e  fo rm e d  i n  t h e  c o n d e n s a t i o n  was a n a l y z e d  f o r  

c h l o r i n e  b y  P r e g l ’ s m i c r o - a n a l y s i s .  The c h l o r i d e  was fo u n d  

to  b e  j u s t  a s  s t a b l e  a s  3 - c h l o r o - 2 , 3 , 3 - t r i m e t h y l p e n t a n e . The 

f o l l o w i n g  y i e l d ,  a n a l y s i s ,  and  c o n s t a n t s  w ere  o b t a i n e d :

(1 )  B a se d  e n t i r e l y  u p o n  t h e  c h lo r o - c o m p o u n d  f ro m  F r a c t i o n  
I I I .  " ?



5 0 .

Y i e l d : 55#

B7 40 * 1 5 6 - 1 5 9 ° c .

B15 = 5 5 - 5 7  C.

n 2°  : 1 .4 6 2 9

0 . 8 8 4 5

“ r : C a l c .  4 3 .8 7 O b s .

Cl  : C a l c .  23.86% Found

F r a c t i o n  IV 2 - M e t h y l - 2 - p h e n y l p r o p a n e  

T h i s  f r a c t i o n ,  a s  i n  t h e  c a s e  o f  P a r t  D, F r a c t i o n  IV, 

was f o r m e d  i n  t h e  c o n d e n s a t i o n  i n  s u f f i c i e n t  q u a n t i t y  to  be 

e a s i l y  p u r i f i e d .  I t  was I d e n t i f i e d  b y  t h e  a c e t a m i n o  d e r i v a 

t i v e  a n d  t h e  f o l l o w i n g  y i e l d  and  c o n s t a n t s  were  d e t e r m i n e d :

740

Y i e l d  

B,

B 

n 

L 

M

15
20

20
J4

R
M . P t .

2.5%

1 6 6 - 1 6 8 ° C .

6 0 -6 3  G.

1 .4 9 0 9

0 .8 5 8 7

C a l c .  4 4 . 8 5  O bs .  4 4 .0 5

2-Met h y l - 2- p - a c e t a m i n o p h e n y l  p r o p a n e

1 6 8 - 1 6 9 ° C .

F r a c t i o n  V 2 - P h e n y l - 5 - m e t h y l p e n t e n e - 2  

T h i s  compound was a r o m a t i c  i n  n a t u r e  and  gave  a p o s i t i v e  

t e s t  f o r  u n s a t u r a t i o n  w i t h  5 p e r  c e n t  b ro m in e  I n  c a r b o n  

t e t r a c h l o r i d e .  The p h y s i c a l  c o n s t a n t s  c o r r e s p o n d e d  w i t h  t h e  

s u s p e c t e d  compound a n d  o x i d a t i o n  w i t h  p o t a s s i u m  p e rm a n g n a te  

g a v e  a d e g r a d a t i o n  p r o d u c t ^ ^  w h ich  s u p p o r t e d  t h e  e v i d e n c e

(1 )  See  P a r t  G on  p r o o f  o f  s t r u c t u r e .



f o r  t n i s  compound a s  b e i n g  2 - p h e n y l - 3 - m e t h y l p e n t e n e - 2 . T h is  

compound h a s  b e e n  r e p o r t e d  by Doss ( 6 0 ) .  The f o l l o w i n g  y i e l d  

a n d  c o n s t a n t s  were  d e t e r m i n e d :

Y i e l d : 2 . 8%

B15 : 78-83°C
20

n D : 1 .4 9 2 1
T 20
d 4 : 0 .8 7 2 3

M :
R C a l c . 5 3 .  6 b Obs.  5 3 .2 5

F r a c  fclon VI 2-Met h y l - 2 - p h e n y l p e n t a n e  

T h i s  compound was s a t u r a t e d  and a r o m a t i c  i n  n a t u r e .

S i n c e  d e m e t h y l a t i o n  a l s o  o c c u r r e d  i n  t h e  c o n d e n s a t i o n  f rom  

w h i c h  t h i s  f r a c t i o n  was i s o l a t e d  a nd  since- t h e  p h y s i c a l  c on 

s t a n t s  (62)  i n d i c a t e d  t h a t  t h i s  compound was 2- m e t h y l -  

2 - p h e n y l p e n t a n e , a n  a t t e m p t  was made to  c o n v e r t  i t  i n t o  t h e  

a l p h a  n a p h t h y l u r e t h a n e  d e r i v a t i v e  The d e r i v a t i v e  was o b 

t a i n e d  i n  s m a l l  a m o u n t s ,  v e r y  i m p u r e ,  and  no a b s o lx i t e  p r o o f  

o f  t h e  s t r u c t u r e  was o f f e r e d .  However ,  a l l  e v i d e n c e  p o i n t e d  

t o  t h e  f a c t  t h a t  t h i s  f r a c t i o n  was a m i x t u r e  c o n t a i n i n g  

m o s t l y  2 - m e t h y l - 2 - p h e n y l p e n t a n e .  The f o l l o w i n g  y i e l d  and  con

s t a n t s  were  d e t e r m i n e d :

Y i e l d  

B.15
20
D
20
4

R

3 . 1%

9 5 - 9 9 ° C .

1 .4 9 8 9

0 .8 8 2 5

C a l c .  5 4 .0 7 Obs. 5 4 .0 1

(1 )  See P a r t  G on  p r o o f  o f  s t r u c t u r e .



52.

Bp&otion. V I I  2 , 3 ,  3 -T r im e  t h y l - 2 - p h e n y l p e n t a n e  

T h i s  . f r a c t i o n  was t h e  e x p e c t e d  c o n d e n s a t i o n  p r o d u c t  and 

i t s  c o n s t a n t s  c o r r e s p o n d e d  t o  t h e  p r o d u c t  a s  p r e p a r e d  by 

w o r k e r s  i n  t h i s  l a b o r a t o r y  ( 5 0 ) .  The a c e t a m i n o  d e r i v a t i v e  

was p r e p a r e d  f o r  v e r i f i c a t i o n .  The f o l l o w i n g  c o n s t a n t s  and 

y i e l d  were  o b t a i n e d :

Y i e l d :  10#

B7 4 q : 2 3 0 - 2 3 3 ° C .

B1 : 1 0 9 -1 1 1  G.
20 n , n D : 1 .5 0 1 1
20D4 : 0 .8 8 6 8

; C a l c .  6 3 . 2 6  Obs.  6 B . J X

M . P t . :  2 , 3 , 3 - t r i m e t h y l - 2 - p - a c e t a m i n o p h e n y l  p e n t a n e

9 0 - 9 2 ° C .

F r a c t i o n  V I I I

T h i s  f r a c t i o n  was n o t  i d e n t i f i e d  b u t  was s u s p e c t e d  o f  

b e i n g  a m i x t u r e  o f  d i -  and t r i - 3 u b s t i t u t e d  a l k y l  b e n z e n e s .

I t  d i s t i l l e d  above  129 d e g r e e s  c e n t i g r a d e  a t  13 mm. b u t  

o v e r  a w ide  r a n g e .

Y i e l d :  3 grams

F r a c t i o n  IX T a r r y  r e s i d u e  

Y i e l d  : 2 grams



P a r t  F The P r e p a r a t i o n  o f  D e r i v a t i v e s

1 .  A ce tam in o  d e r i v a t i v e s

T hese  compounds were  p r e p a r e d  a c c o r d i n g  to  t h e  m ethod 

o f  I p a t i e f f  and  S c h m e r l i n g  (46)  i n  th e  f o l l o w i n g  m an n e r :  A 

m i x t u r e  o f  one  t o  two m l .  o f  t h e  a r o m a t i c  h y d r o c a r b o n  and  

5 r a l • o f  a n i t r a t i n g  m i x t u r e  was sh a k en  u n t i l  t h e  r e a c t i o n  

no l o n g e r  e v o l v e d  h e a t  and  h a d  c o o l e d  n e a r l y  t o  room tem

p e r a t u r e ,  The n i t r a t i n g  m i x t u r e  c o n s i s t e d  o f  e q u a l  vo lum es  

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

The r e s u l t i n g  m o n o n i t ro -c o m p o u n d  was p o u r e d  upon  c r a c k e d  i c e  

and  e x t r a c t e d  t h r e e  t i m e s  w i t h  e t h e r .  The e t h e r  s o l u t i o n  

was w ashed  t w i c e  w i t h  w a t e r ,  and  th e  e t h e r  e v a p o r a t e d  on a 

s t e a m  b a t h .  The o i l  was d i s s o l v e d  i n  a l c o h o l  and  5 grams o f  

g r a n u l a r  t i n  and  5 m l .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

a d d e d .  The m i x t u r e  was sh a k e n  u n t i l  no t u r b i d i t y  was o b 

s e r v e d  when a few d r o p s  were  a d d e d  to  w a t e r .  Then th e  m ix 

t u r e  was a l l o w e d  to  s t a n d  t h i r t y  m i n u t e s  i n  o r d e r  t o  a s s u r e  

c o m p l e t e  r e d u c t i o n .  Sometimes i t  was n e c e s s a r y  to  h e a t  on 

t h e  s t e a m  b a t h .  The l i q u i d  was d e c a n t e d  from t h e  e x c e s s  t i n  

i n t o  20 m l .  o f  w a t e r ,  e x t r a c t e d  w i t h  e t h e r ,  and  40 p e r  c e n t  

sod ium  h y d r o x i d e  ad d ed  i n  o r d e r  to  f r e e  th e  a m in e .  The a l 

k a l i  was a d d e d  u n t i l  t h e  p r e c i p i t a t e  o f  t i n  h y d r o x i d e ,  

w h ic h  f i r s t  f o r m e d ,  was r e d i s s o l v e d .  The m i x t u r e  was e x 

t r a c t e d  w i t h  e t h e r ,  w ashed  w i t h  w a t e r ,  and  d r i e d  w i t h  a n h y 

d r o u s  p o t a s s i u m  c a r b o n a t e .  The e t h e r  s o l u t i o n  was f i l t e r e d  

f rom  t h e  d r y i n g  a g e n t ,  t h e  e t h e r  e v a p o r a t e d ,  and  one to  two 

m l .  o f  a c e t i c  a n h y d r i d e  ad d ed  to  t h e  r e s i d u e .  S o m e t im es ,  a t
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t h i s  p o i n t  t h e  d e r i v a t i v e  c r y s t a l l i s e d .  The e x c e s s  an hy 

d r i d e  was h y d r o l y z e d  b y  warm ing  w i t h  5 m l .  o f  w a t e r ,  t h e  

s o l u t i o n  e v a p o r a t e d  n e a r l y  to  d r y n e s s ,  c o o l e d ,  and  f i l t e r e d .  

The im p u re  d e r i v a t i v e  was w ashed  f r e e  o f  a c e t i c  a c i d  and  

r e c r y s t a l l i z e d  f r o m  50 p e r  c e n t  a l c o h o l .  Hexane o r  i s o p r o p y l  

a l c o h o l  d i l u t e d  w i t h  w a t e r  was u s e d  s a t i s f a c t o r i l y  f o r  r e 

c r y s t a l l i z a t i o n .

2 .  A.lpha n a p h t h y l u r e  t h a n e s

These  compounds w ere  p r e p a r e d  a c c o r d i n g  to  Ivialnerbe ' s 

p r o c e d u r e  (6 3 )  w h ic h  was u s e d  w i t h  some m o d i f i c a t i o n s  by 

u u i l e  ( 6 4 ) a n d  a l s o  by Kaye { 4 ) •

( a )  P r e p a r a t i o n  o f  t h e  m o n o n i t r o - a l k y l b e n z e n e s : 

T w e n t y - f o u r  m l .  o f  a m i x t u r e  o f  c o n c e n t r a t e d

n i t r i c  a n d  s u l f u r i c  a c i d s  i n  e q u a l  p a r t s  by  volume were  ad d ed  

d r o p - w i s e  to  o n e - t e n t h  o f  a mole o f  t h e  a l k y l b e n z e n e  w i t h  

s h a k i n g .  The t e m p e r a t u r e  was n o t  a l l o w e d  to  e x c e e d  50 

d e g r e e s  c e n t i g r a d e .  '/Tien th e  a d d i t i o n  o f  t h e  n i t r a t i n g  m ix 

t u r e  was c o m p l e t e ,  t h e  r e a c t i o n  m ix tu r e -  was h e a t e d  o n  a 

w a t e r  b a t h  f o r  two h o u r s .  Then i t  was p o u r e d  u p o n  i c e  and  

e x t r a c t e d  w i t h  e t h e r .  The e t h e r  s o l u t i o n  was washed t h r e e  

t i m e s  w i t h  a  s a t u r a t e d  s a l t  s o l u t i o n  a n d  t h e  e t r ie r  removed 

o n  a s t e a m  b a t h .  The  r e s i d u e  was d i  s t  i  i  I e d u r u l e r  r e u u e e d  

p r e s s u r e .

(b)  The R e d u c t i o n  o f  t h e  n l t r o -com pound:

The n i t r a t e d ,  a l k y l b e n z e n e  w a s  c o n v e r t e d  I n t o  i-re 

a m i n e  b y  c a t a l y t i c  h y d r o g e n a t i o n ,  u s i n g  p l a t i n u m  o x x u e  a s  

t h e  c a t a l y s t ,  a c c o r d i n g  t o  i . he  p r o c e d u r e  g i v e n  i n  h i t m a n  ( 6 b )  .



I h e  a p p a r a t u s  was c a l i b r a t e d  w i t h  a known compound a t  room 

t e m p e r a t u r e .  The compound to  be r e d u c e d  was p l a c e d  i n  th e  

s h a k i n g  b o t t l e  w i t h  100 m l .  o f  a l c o h o l  and  0 .1  gram o f  

c a t a l y s t  t o r  e a c h  15 g ram s o f  th e  n i t r o - c o m p o u n d .  The b o t t l e  

c o n t a i n i n g  t h e  m i x t u r e  was e x h a u s t e d  o f  a i r ,  and  h y d r o g e n  

u n d e r  5 - 1 0  a t m o s p h e r e s  o f  p r e s s u r e  was a d m i t t e d  u n t i l  t h e  

p r e s s u r e  c e a s e d  to  f a l l .  The m i x t u r e  was f i l t e r e d  f ro m  the  

p l a t i n u m  compound,  t h e  a l c o h o l  d i s t i l l e d  f ro m  t h e  a m in e ,  and  

t h e  am ine  d i s t i l l e d  a t  1 - 2  mm. o f  p r e s s u r e .  The c a t a l y s t  was 

p r e p a r e d  b y  B a i l e y  ( 6 6 ) a c c o r d i n g  to  t h e  m ethod  g i v e n  by 

V o o r h e e s  an d  Adams ( 6 7 ) :  C h l o r o p l a t i n i c  a c i d  was f u s e d  w i t h  

an  e x c e s s  o f  so d iu m  n i t r a t e  a t  550 d e g r e e s  c e n t i g r a d e .  The 

m e l t  was a l l o w e d  t o  c o o l ,  d i s s o l v e d  i n  w a t e r ,  and  th e  h y 

d r a t e d  p l a t i n u m  d i o x i d e  was removed by  s u c t i o n .  I t  was 

w a sh e d  w i t h  a s o l u t i o n  o f  1 p e r  c e n t  sod ium  n i t r a t e ,  d r i e d ,  

a n d  u s e d  i n  t h a t  f o r m .

( c )  C o n v e r s i o n  o f  t h e  amine  i n t o  t h e  p h e n o l :

A h o t  s o l u t i o n  o f  11 m l .  o f  c o n c e n t r a t e d  s u l f u r i c  

a c i d  d i s s o l v e d  i n  50 m l .  o f  w a t e r  was added  to  e a c h  o n e -  

t e n t h  m ole  o f  am ine  i n  a b e a k e r .  The s o l u t i o n  was s t i r r e d  

a n d  p l a c e d  i n  a n  i c e - s a l t  b a t h .  The m i x t u r e  was m a i n t a i n e d  

a t  z e r o  d e g r e e s  c e n t i g r a d e  w h i l e  a s a t u r a t e d  a q u e o u s  s o l u t i o n  

o f  e i g h t  g ram s o f  so d iu m  n i t r i t e  was a d d e d  s l o w l y  w i t h  

s t i r r i n g .  The s o l u t i o n  was s t i r r e d  a f t e r  th e  a d d i t i o n  u n t i l  

a l l  t h e  s u s p e n d e d  amine s u l f a t e  d i s s o l v e d .  Then two grams o f  

u r e a ,  d i s s o l v e d  i n  a minimum o f  w a t e r ,  was a d d e d  s l o w l y  f o r  

e a c h  o n e - t e n t h  m ole  o f  t h e  a m in e .  The s o l u t i o n  was a l l o w e d  

t o  s t a n d  f o r  t e n  t o  f i f t e e n  m i n u t e s  and  t h e n  p o u r e d  i n t o  a
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f o u r  l i t e r  b e a k e r  c o n t a i n i n g  two l i t e r s  o f  w a t e r  and. h e a t e d  

on t h e  s t e a m  b a t h  two h o u r s .  The s o l u t i o n  was e x t r a c t e d  

w i t h  e t h e r  a n d  p l a c e d  i n  a G l a i s e n  f l a s k .  The e t h e r  was 

rem oved  and  w a t e r  a d d ed  to  t h e  r e s i d u e .  Then t h e  m i x t u r e  

was s t e a m  d i s t i l l e d ,  t h e  d i s t i l l a t e  e x t r a c t e d  w i t h  e t h e r ,  and  

d r i e d  o v e r  a n h y d r o u s  so d iu m  s u l f a t e .  The e t h e r  s o l u t i o n  was 

f i l t e r e d ,  t h e  e t h e r  rem o v e d ,  and  t h e  p h e n o l  d i s t i l l e d  a t  

r e d u c e d  p r e s s u r e .

(d )  P r e p a r a t i o n  o f  t h e  a l p h a  n a p h t h y l u r e  t h a n e :

The p h e n o l  was t r e a t e d  w i t h  h a l f  i t s  volume o f  

a l p h a  n a p h t h y l i s o c y a n a t e , an d  c a t a l y z e d  by  t h e  a d d i t i o n  o f  a 

few d r o p s  o f  a n  a n h y d r o u s  e t h e r  s o l u t i o n  o f  t r i m e t h y l  amine 

The m i x t u r e  was s h a k e n ,  s t o p p e d  w i t h  a c o r k  h a v i n g  a c a l 

c iu m  c h l o r i d e  d r y i n g  t u b e  and  warmed f i v e  t o  f i f t e e n  m i n u t e s  

on  a  s t e a m  b a t h .  The d e r i v a t i v e  c r y s t a l l i z e d  on  c o o l i n g  and  

was r e c r y s t a l l i z e d  f ro m  l i g r o i n .

3 .  2 , 4 - D i n i t r o p h e n y l h y d r a z o n e s

T hese  compounds were  p r e p a r e d  a c c o r d i n g  to  t h e  p rocedx i re

g i v e n  b y  S h r i n e r  and  Fu so n  ( 6 8 ) i n  t h e  f o l l o w i n g  m an ne r :
( 2 )The u n s a t u r a t e d  h y d r o c a r b o n s  were  o x i d i z e d  t o  a k e t o n e '  

a nd  two m l .  o f  t h e  k e t o n e  m ix e d  w i t h  1 . 5  grams o f  2 , 4 - d i n i t r o -  

p h e n y l h y d r a z i n e  a nd  100 m l .  o f  a l c o h o l .  T h i s  m i x t u r e  was 

b r o u g h t  to  b o i l i n g  on  a  s t e a m  b a t h  a n d  2 m l .  o f  c o n c e n 

t r a t e d  h y d r o c h l o r i c  a c i d  a d d e d .  The m i x t u r e  was h e a t e d

(1 )  K e p t  a n h y d r o u s  o v e r  a n h y d r o u s  sod ium  s u l f a t e .

(2 )  See  P a r t  G on  p r o o f  o f  s t r u c t u r e .
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u n t i l  a l l  m a t e r i a l  was i n  s o l u t i o n  ( u s u a l l y  two, to  f i v e  

m i n u t e s ) ,  and  a l l o w e d  to  c o o l .  The p r e c i p i t a t e  was f i l t e r e d  

a nd  w a sh e d  w i t h  c o l d  a l c o h o l .  The d e r i v a t i v e  was r e c r y s t a l 

l i z e d  f r o m  h o t  a l c o h o l ,  e t h y l  a c e t a t e ,  o r  c h l o r o f o r m .

4 .  Oximes

T h ese  compounds w ere  p r e p a r e d  a c c o r d i n g  to  t h e  p r o 

c e d u r e  o f  S h r i n e r  and  P u s o n  (69)  I n  t h e  f o l l o w i n g  m an ne r :

The u n s a t u r a t e d  h y d r o c a r b o n s  were  o x i d i z e d  to  k e t o n e s ^ ) ,  

a n d  0 . 2  gram  o f  t h e  k e t o n e  m ix e d  w i t h  2 m l .  o f  10 p e r  c e n t  

so d ium  h y d r o x i d e .  Som etim es  a l c o h o l  was a d d e d  to  g i v e  a 

c l e a r  s o l u t i o n .  Then 0 . 5  gram o f  h y d r o x y l a m in e  h y d r o c h l o r 

i d e  i n  3 m l .  o f  w a t e r  was a d d e d  to  t h e  k e t o n e  m i x t u r e ,  

warmed 10 m i n u t e s  on  a s t e a m  b a t h ,  and  c o o l e d  i n  i c e .  

C r y s t a l l i z a t i o n  was i n d u c e d  by  s c r a t c h i n g  t h e  w a l l s  o f  th e  

c o n t a i n e r  o r  a d d i n g  a s m a l l  amount  o f  w a t e r .  The oxime was 

r e c r y s t a l l i z e d  f ro m  w a t e r  o r  d i l u t e  a l c o h o l .  I t  was n e c e s 

s a r y  t o  a d d  a minimum o f  s o l v e n t  b e c a u s e  o f  t h e  s o l u b i l i t y  

o f  t h e  o x i m e s .

P a r t  G P r o o f  o f  S t r u c t u r e

1 .  2 , 3 - D i m e t h y l b u t e n e - 1  and  2 - c h l o r o - 2 , 3 - d i m e t h y l -  

b u t a n e   ̂^

( a )  I n  o r d e r  t o  p r o v e  t h e  s t r u c t u r e  o f  2 , 3 - d i m e t h y l -  

b u t e n e - 1  t h e  s t r u c t u r e  o f  2 - c h l o r o - 2 - 3 - d i m e t h y l b u t a n e  was

(1 )  See P a r t  G on  p r o o f  o f  s t r u c t u r e .

( 2 )  S i m i l a r  compounds were  fo rm e d  i n  each  c o m d e n s a t i o n  and 
t h e i r  s t r u c t u r e  p r o v e d  a s  w i t h  t h e s e  compounus .  A l l  
c o n s t a n t s  were  l i s t e d  u n d e r  e a c h  f r a c t i o n .
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p r o v e n  f i r s t  by  i t 3 p r e p a r a t i o n  f r o m  2 , 3 - d i m e t h y l b u t a n o l -2  

• a c c o rd in g  t o  S h r i n e r  an d  F u so n  (4 5 )  a s  f o l l o w s : F o r  e a c h  1

m l .  o f  a l c o h o l ,  10 m l .  o f  a r e a g e n t  c o n s i s t i n g  o f  h y d r o 

c h l o r i c  a c i d ,  and  z i n c  c h l o r i d e ,  was ad d ed  d r o p - w i s e  w i t h  

s t i r r i n g .  The r e a g e n t  was p r e p a r e d  by  d i s s o l v i n g  136 grams 

(1 m ole )  o f  a n h y d r o u s  z i n c  c h l o r i d e  i n  105 grams (1 mole)  o f  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The m i x t u r e  was c o o l e d  

d u r i n g  th e  a d d i t i o n .  C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  may be 

u s e d  w i t h  t h e  t e r t i a r y  a l c o h o l s  w i t h o u t  t h i s  r ea g en t ,  b u t  

w i t h  r e d u c e d  y i e l d s  o f  t h e  c h l o r i d e .  The l a y e r s  formed 

a f t e r  t h i s  a d d i t i o n  w ere  s^T>ar°ted th e  c h l o r i d e  l a v e r

d r i e d  w i t h  a n h y d r o u s  sodium s u l f a t e .  The c h l o r i d e  was 

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

we r e  com pared  w i t h  t h o s e  f o u n d  i n  t h e  l i i e r a t u r t .  •and. w i t h  

t h o s e  o b t a i n e d  f ro m  th e  compound coming from t h e  c o n o e n s a -  

L ion .  I f  th e  l i t e r a t u r e  d i d  n o t  r i v e  a l l  t h e  c o n s t a n t s  

no s i r e d  , t h e n  t h e  cowroana  was c o n v e r t e d  i n t o  t h e  u n s a  t u r a  t e d  

compound (b )  a n d  t h e  c o n s t a n t s  o f  t h e  l a t t e r  com pared  w i t h  

t h e  l i t e r a t u r e .  C h l o r i n e  a n a l y s i s  was made a l s o  on t h e  com

po u nd  com ing  f ro m  t h e  c o n d e n s a t i o n  when s u f f i c i e n t  c o n s t a n t s

were  n o t  g i v e n .

(b )  The s t r u c t u r e  o f  th e  compound 2 , 3 - d i m e t h y l b u t e n e - l  

w a3 p r o v e d  b y  r e f l u x i n g  2 - c h l o r o - 2 , 3 - d i m e t h y l b u t a n e  w i t h  i t s  

vo lum e o f  50 p e r  c e n t  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  f o r  a 

p e r i o d  o f  two h o u r s .  Then t h e  compound was i s o l a t e d  and 

m i n i f i e d  a s  d e s c r i b e d  on  p a g e  3 1 .  The p r o c e d u r e  was r e 

p e a t e d  u n t i l  a c o m p l e t e  c o n v e r s i o n  was o b t a i n e d .  U s u a l l y
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one t r e a t m e n t  f o r  t h e  l e a s t  b r a n c h e d  compounds and two t r e a t 

m e n ts  f o r  t h e  more  h i g h l y  b r a n c h e d  compounds s u f f i c e d .  I f  

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

compound a g r e e d  w i t h  t h e  l i t e r a t u r e  a s  w e l l  a s  v / i th  the  

c h lo r o - c o m p o u n d  f ro m  t h e  c o n d e n s a t i o n ,  t h e n  t h e  s t r u c t u r e  

o f  t h e  u n s a t u r a t e d  compound was c o n s i d e r e d  to  be p r o v e n .  I f  

any  s u b s t a n c e  r e m a in e d  a f t e r  t h e  a l k a l i  t r e a t m e n t ,  t h e  u n 

s a t u r a t e d  compound was t r e a t e d  w i t h  d r y  h y d r o g e n  c h l o r i d e  and 

t h e  r e s u l t i n g  compound com pared  w i t h  t h e  p r e p a r e d  c h l o r o -  

compound a s  t o  c o n s t a n t s .

2 .  2-Met h y l - 3 - p h e n y l p e n t e n e  on pag e  47

T h i s  compound was s y n t h e s i z e d  by  B a i l e y  ( 6 6 ) u s i n g  

K l a g e s '  p r o c e d u r e  ( 7 0 ) .  P o t a s s i u m  d i c h r o m a t e  and  a c e t i c  

a c i d  w e re  t r i e d  f i r s t  a s  an  o x i d i z i n g  m i x t u r e  I n  o x i d i z i n g  

t h i s  compound t o  t h e  k e t o n e .  T h i r t e e n  grams o f  th e  com

po u nd  w e r e  r e f l u x e d  two h o u r s  w i t h  36 grams o f  p o t a s s i u m  

d i c h r o m a t e  and  30 grams o f  a c e t i c  a c i d .  The r e a c t i o n  m ix 

t u r e  was p o u r e d  u p on  i c e  and  -water and  e x t r a c t e d  v / i th  e t h e r .  

The e t h e r  s o l u t i o n  was w ashed  v / i th  w a t e r  and  d r i e d  v / i th  a n h y 

d r o u s  so d iu m  s u l f a t e .  The e t h e r  was removed f rom  th e  f i l 

t e r e d  s o l u t i o n  a nd  t h e  r e s i d u e  d i s t i l l e d  u n d e r  r e d u c e d  

p r e s s u r e .  Most o f  t h e  o r i g i n a l  2 - m e t h y l - 3 - p h e n y l p e n t e n e - 2  

was r e c o v e r e d  a n d  t h e  r e s i d u e  gave no s a t i s f a c t o r y  d e r i v a 

t i v e .  The o x i d a t i o n  was r e p e a t e d  u s i n g  t h e  m ethod  o f  

B a r r e t t  (3 )  w h ic h  was a  m o d i f i c a t i o n  f rom  S h r i n e r  and  Pu3on 

( 7 1 ) .  Ten g ram s o f  t h e  known 2 - m e t h y l - 3 - p h e n y l p e n t e n e -2  

w ere  r e f l u x e d  w i t h  22 grams o f  p o t a s s i u m  p e rm a n g n a te  and o3
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gram s o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  d i l u t e d  i n  w a t e r .  The 

r e a c t i o n  was c o o l e d  i n  an  i c e  b a t h  u n t i l  t h e  r e a c t i o n  s u b 

s i d e d  a n d  t h e n  was g e n t l y  r e f l u x e d  on a w a t e r  b a t h  one h o u r .  

The r e f l u x e d  m i x t u r e  was t r e a t e d  a s  above  i n  t h e  c a s e  o f  

t h e  d i c h r o m a t e  o x i d a t i o n  a n d  t h e  d i s t i l l a t i o n  p r o d u c t s  were 

u s e d  to  p r e p a r e  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e .  

P r o p i o p h e n o n e  was one  o f  t h e  e x p ec te d ,  d e g r a d a t i o n  p r o d u c t s .  

I t  was s y n t h e s i z e d  f r o m  p r o p i o n y l  c h l o r i d e  and b e n z e n e  u s i n g  

t h e  F r i e d e l  and  C r a f t s " r e a c t i o n  ( 7 2 ) .  Then s e v e n  grams o f  

t h e  s u s p e c t e d  2 - m e t h y l - 3 - p h e n y l p e n t e n e - 2  f r o m  t h n  c o n d e n s a 

t i o n  was t r e a t e d  w i t h  16 grams o f  p o t a s s i u m  p e rm a n g n a te  and  

24 g ram s  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  d i l u t e d  w i t h  w a t e r  

a n d  t h e  p r o d u c t  p u r i f i e d  a s  i n  t h e  c a s e  w i t h  t h e  known com

p o u n d s  a b o v e .  The h y d r a z o n e  was p r e p a r e d  a s  b e f o r e .  These 

p r o d u c t s  gave  t h e  f o l l o w i n g  d a t a :

M . P t .  o f  t h e  d e r i v a t i v e  f rom  known p r o p i o p h e n o n e :  1 9 5 -1 9 7 ° C .  

M. P t .  o f  d e r i v a t i v e  f ro m  o x i d a t i o n  p r o d u c t s  o f

s y n t h e s i z e d  2- m e t h y l - 3 - p h e n y l p e n t e n e - 2  : 1 9 6 - 1 9 7 ° c .

M . P t .  o f  d e r i v a t i v e  f ro m  o x i d a t i o n  p r o d u c t s  o f  

t h e  s u s p e c t e d  2 - m e t h y l - 3 - p h e n y l p e n t e n e - 2  

M . P t .  o f  m ix e d  d e r i v a t i v e s  f ro m  s y n t h e s i z e d

p r o p i o p h e n o n e  a n d  t h e  d e r i v a t i v e  f ro m  th e  

o x i d a t i o n  o f  t h e  s u s p e c t e d  2 -me t h y 1 - 

3 -  phe  ny l p i . n  t  e n a - 2  

M . P t .  o f  m i x t u r e  o f  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  

a n d  t h e  h y d r a z o n e  o f  t h e  known p r o p i o -  

o henone

1 9 6 - 1 9 8 ° C .

1 9 5 - 1 9 8 ° C .

17 2 - 1 8 0 ° C .
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Iv!»P t « o.i. t h e  ox.Lme o f  th e  known p ro p lo o h e n o n e  : 52 -54°C  *

ihe d e r i v a t i v e s  f r o m  t h e  o x i d a t i o n  p r o d u c t  coming f rom th e  

c o n d e n s a t i o n  were  p u r i f i e d  w i t h  d i f f i c u l t y  by u s i n g  m ixed  

s o l v e n t s  o f  a l c o h o l ,  b e n z e n e ,  and  e t h e r .  An u n i d e n t i f i e d  

d e r i v a t i v e  was i s o l a t e d  w h ich  r n e l t e d  f rom  2 0 2 -2 0 4 ° C .  Ih e  

above  d a t a  c o m b in e d  w i t h  t h e  c o n s t a n t s  on  page  4V gave 

good  a s s u r a n c e  t h a t  t h e  compound was 2- m e t h y l - 3p h e n y l -  

p e n t e n e - 2 .

3 .  3-Met h y l - 3 - p h e n y l p e n t a n e  on page  47

T h i s  f r a c t i o n  was c o n v e r t e d  i n t o  t h e  p h e n o l  a s  d e 

s c r i b e d  i n  P a r t  F ,  2 .  The y i e l d  o f  t h e  p h e n o l  w?? too  

s m a l l  t o  p u r i f y  by f r a c t i o n a t i o n .  An a t t e m p t  to  p r e p a i ' e  th e  

b e n z o y l  e s t e r  r e s u l t e d  i n  a n  o i l y  mass t h a t  would  n o t  c r y s t a l 

l i z e .  A few im p u re  c r y s t a l s  w ere  i s o l a t e d  t h a t  m e l t e d  f ro m  

1 1 0 - 1 1 5 ° C .  A l th o u g h  no a b s o l u t e  p r o o f  f o r  t h i s  f r a c t i o n  was 

g i v e n ;  f r o m  t h e  c o n s t a n t s  d e t e r m i n e d  f o r  t h e  f r a c t i o n  and 

f ro m  t h e  f a c t  t h a t  a p h e n o l i c  compound was o b t a i n e d ,  t h e  

w r i t e r  was c e r t a i n  t h a t  the  compound was 3- m e t h y l ~ 3 p h e n y l -  

r e n t a n e .

4 .  2 - P h e n y l - 3 - m e t h y l p e n t e n e - 2  on  page  50

T h i s  f r a c t i o n  was o x i d i z e d  by  t r e a t i n g  2 . 7  grams o f  th e

s u b s t a n c e  w i t h  6 . 2  grams o f  p o t a s s i u m  p e rm a n g n a te  and 9 . 3\
gram s o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  d i l u t e d  w i t h  w a t e r  i n  t h e  

same m an n e r  a s  w i t h  2 - m e t h y l - 3 - p h e n y l p o n t e n e - 2 . Ace Lophenone 

was one o f  t h e  s u s t e c  t e d  d e g r a d e  t i o n  p r o d u c t s .  ' h o  <,,A- 

d i n i t r o p h e n y I h y d r a z o n e  o f  known a c e to p h e n o n e  vr-s r r e p a r e a .

The f o i l ' s w i n g  d a t a  wei c o o t s  i n e d :



M . P t .  o f  d e r i v a t i v e  f ro m  known a c e t o p h e n o n e  : 2 4 9 -2 5 0 °C .

M .P t .  o f  d e r i v a t i v e  f r o m  o x i d a t i o n  p r o d u c t s  

o f  s u s p e c t e d  2- p h e n y 1- o - m e th y  1-

p e n t e n e - 2  ; 2 4 8 -2 5 1 °C .

M .P t .  o f  m ix e d  d e r i v a t i v e s  : 2 5 i - 2 5 3 ° 0 .

Tae a t o v e  d a t a  co m b in ed  w i t h  t h e  f a c t s  f rom the  c o n s t a n t s  

p r o v e d  t h a t  t h e  f r a c t i o n  was 2- p h e n y l - o - m e t h y l p e n t e n e - 2 .

5 .  2-Met h y l - 2 - p h e n y l p e n t a n e  on  pag e  51

T h i s  f r a c t i o n  a l s o  was c o n v e r t e d  i n t o  t h e  p h e n o l  a s  d e 

s c r i b e d  i n  P a r t  F ,  2 .  The y i e l d  was v e r y  s m a l l  and  a p u r e  

f r a c t i o n  was n o t  o b i s i n o d . An a t t e m p t  to  form, th e  a l p h a  

n a p h t h y l u r e  t h a n e  p o r d u c e d  an  o i l  t h a t  w ou ld  n o t  c r y s t a l l i z e .  

No r i g o r o u s  p r o o f  o f  s t r u c t u r e  was o f f e r e d .  However ,  a 

p h e n o l i c  compound was fo rm ed  f ro m  t h i s  f r a c t i o n .  D e m e th y la -  

t i o n  o c c u r r e d  i n  t h e  c o n d e n s a t i o n  f ro m  w h ic h  t h i s  f r a c t i o n  

wa., i s o l a t e d  a n d  t h e  p h y s i c a l  c o n s t a n t s  c o r r e s p o n d e d  to  th e  

s u s p e c t e d  compound i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  f r a c t i o n  was 

known t o  b e  a m i x t u r e .  I t  was e e r t a i n ,  t h e r e f o r e ,  t h a t  t h e  

m a j o r i t y  o f  t h i s  f r a c t i o n  c o n t a i n e d  2-m e t h y l - 2- p h e n y l p e n t a n e .
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The am ount  o f  f r a g m e n t a t i o n ,  r e s u l t i n g  f rom  t h e  a c t i o n  

o f  a lum inum  c h l o r i d e  u s e d  i n  t h i s  i n v e s t i g a t i o n ,  was i n  

a c c o r d  w i t h  o t h e r  w o r k e r s  (5)  who fo u n d  t h a t  c o n d e n s a t i o n  a t  

h i g h e r  t e m p e r a t u r e s  p r o d u c e d  more f r a g m e n t a t i o n  t h a n  a t  low

e r  t e m p e r a t u r e s ,  and  t h a t  t h e  y i e l d  o f  t n e s e  f r a g m e n t s  was 

g r e a t e r  a t  t h e  h i g h e r  t e m p e r a t u r e s .  The c o m p a r i s o n  o f  th e  

s e l e c t e d  c a r b i n o l s  showed f u r t h e r  t h a t  more o f  t h e s e  f r a g 

m e n t s  f o r m e d  and  i n  th e  g r e a t e r  y i e l d  a s  t h e  b r a n c h i n g  on 

t h e  h y d r o x y l  c a r b o n  was I n c r e a s e d .  The y i e l d  o f  th e  e x 

p e c t e d  a l k v l b e n r e n e  w a ^  d e c r * e o . s e d  m s  t h e  n u m b e r  a n d  v i .e ld  o f  

f r a g m e n t s  i n c r e a s e d .  T h e r e f o r e  t h e  c o n d e n s a t i o n s  a t  th e  

h i g h e r  t e m p e r a t u r e s  gave  t h e  b e s t  o p p o r t u n i t y  t o  s t u d y  a 

m ec h an ism  f o r  t h e  c o n d e n s a t i o n  o f  t e r t i a r y  c a r b i n o l s  i n  the  

p r e s e n c e  o f  a n h y d r o u s  a luminum c h l o r i d e .

Other* w o r k e r s  h a v e  o b s e r v e d  t h a t  c a t a l y s t s  o f  th e  ty p e  

o f  a lum inum  c h l o r i d e  h a v e  c a u s e d  p r o d u c t s  t o  r e a r r a n g e  (73) 

and - t o  b r e a k  t h e  m o l e c u l e s  ( 3 1 ) .  W h e th e r  th e  molecule :  was 

c l e a v e d . ,  r e a r r a n g e d ,  o r  d e m e t h y l a t e d  by  v a r i o u s  c a t a l y s t s  

seemed t o  be  d e p e n d e n t  l a r g e l y  upon  th e  v a r y i n g  c o n d i t i o n s  

o f  t e m p e r a t u r e , p r e s s u r e ,  and  e l e c t r o n i c  c o n f i g u r a t i o n  a s  

w e l l  a s  t h e  c a t a l y s t  i t s e l f .

I n  t h i s  i n v o s  t i g a  t i o n  one  w o u l d  e r r e . c t  t h e  s a t y n e  

o f  c a t a l y t i c  a c t i o n  o f  a l u m i n u m  c h l o r i n e  on 1 , 3  , n -  t r l r . c  t r y  1-  

b u t a n o l - 2 ,  2 , 2 , 3 - 1 r im e  thy 1: e n l a n o l - 3 ,  a t  r  , 3 , - : - t r  >nc t.i y l -  

o e n t a n o l - 2 . F o r  t h e  m o s t  p o r t  t h i s  was t r u e .  uowo<n — , * u

t h e  c a s e  o f  2 , 3 , 3 - t i ' i m e t h y l b u t a n o l - 2 , s m a l l  a m o u n t s  o f
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e t h y l e n e  an d  p r o p y l e n e  w ere  o b t a i n e d  and  d e m e t h y l a t i o n  was 

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

an d  2 , 3 , 3 - t r i m e t h y l p e n t a n o l - 2 , r e l a t i v e l y  l a r g e  am oun ts  o f  

m e t h y l  c h l o r i d e  w ere  o b t a i n e d  and  no u n s a t u r a t e d  compounds 

c o m p a r a b l e  t o  e t h y l e n e  o r  p r o p y l e n e  were  i s o l a t e d .

Common to  a l l  t h e  c o n d e n s a t i o n s ,  h o w e v e r ,  was th e  

r e a r r a n g e d  p r o d u c t  2 - m e t h y l - 2 - p h e n y l p r o p a n e . The y i e l d  o f  

t h i s  p r o d u c t  became l a r g e r  a s  t h e  b r a n c h i n g  o f  t h e  a l c o h o l  

was i n c r e a s e d .  The f o r m a t i o n  o f  t h e  a l k y l  c h l o r i d e  was 

a l s o  common to  a l l  t h e  c o n d e n s a t i o n s .  The c h l o r i d e  p r o v e d  

to  b e  more  s t a b l e  i n  t h e  c a s e  o f  t h e  h i g h l y  b r a n c h e d  

c a r b i n o l s  w h e re  i t  was fo rm e d  i n  l a r g e  a m o u n t s .  H e r e ,  t h e  

s p e e d  o f  r e a c t i o n  seemed g r e a t e r  b e t w e e n  t h e  c a t i o n  o f  th e  

c a r b i n o l  a n d  t h e  c h l o r i d e  i o n  t h a n  b e tw e e n  t h e  c a r b i n o l  

c a t i o n  and  t h e  a c t i v a t e d  b e n z e n e  n u c l e u s .  The s t a b i l i t y  

o f  t h e  a l k y l  c h l o r i d e  was shown i n  t h e  c a s e  o f  t h e  more 

b r a n c h e d  c a r b i n o l s  w h e re  t h e  c o r r e s p o n d i n g  a l k e n e  was n o t  

i s o l a t e d  f r o m  t h e  r e a c t i o n  p r o d u c t s ,  b u t  was i s o l a t e d  i n  t h e  

l e s s  b r a n c h e d  c a r b i n o l  c o n d e n s a t i o n s .

I n  t h e  c a s e  o f  t h e  more h i g h l y  b r a n c h e d  c a r b i n o l s ,  

d e m e t h y l a t i o n  was d e f i n i t e ,  w i t h  m e t h y l  c h l o r i d e  i s o l a t e d  i n  

two c a s e s ,  and  w i t h  e t h y l e n e  and  p r o p y l e n e  i s o l a t e d  i n  one 

o t h e r  c a s e .  The low b o i l i n g  h y d r o c a r b o n s  t h a t  came o v e r  a s  

g a s e s  b e lo w  - 8 0 ° C .  i n d i c a t e d  i n  a l l  c a s e s  a l o s s  o f  a l k y l  

g r o u p s .  The am oun ts  were  s m a l l e r  i n  th e  l e s s  b r a n c h e d  

c a r b i n o l s  a s  w o u ld  b e  e x p e c t e d .  I t  seemed i m p o r t a n t  to 

n o t e  t h a t  t h e  g r e a t e r  t h e  y i e l d  o f  m e t h y l  c h l o r i d e ,  t h e



s m a l l e r  t h e  y i e l d ,  o f  e t h y l e n e  and  r e l a t e d  p r o d u c t s ,  and  th e  

g r e a t e r  t h e  y i e l d  o f  e t h y l e n e  and  r e l a t e d  p r o d u c t s ,  t h e  

s m a l l e r  t h e  y i e l d  o f  m e t h y l  c h l o r i d e .  Where th e  am ounts  o f  

p r o d u c t s  r e s u l t i n g  f ro m  t h e  l o s s  o f  a l k y l  g r o u p s  were  l a r g e ,  

t h e  h i g h e r  f r a c t i o n s  o f  t h e  c o n d e n s a t i o n  p r o d u c t s  gave  two 

t y p e s  o f  compounds t h a t  v e r i f i e d  t h i s  l o s s  o f  a l k y l  g r o u p s .  

One t y p e  was t h e  s t y r e n e  d e r i v a t i v e  w h ic h  was f o u n d  i n  t h r e e  

c a s e s .  The t y p e  was t h e  l o w e r  b o i l i n g  s a t u r a t e d  a l k y l -  

b e n z e n e  f o u n d  i n  t h e  same t h r e e  c a s e s .

I n  l i g h t  o f  t h e  t h e o r y  u p o n  w h ic h  t h i s  I n v e s t i g a t i o n  

was b a s e d ,  a low b o i l i n g  a l k y l  c h l o r i d e  was e x p e c t e d .  F o r  

2 , 3 , 3 - t r i m e t h y l p e n t a n o l - 2 ,  s e c o n d a r y  b u t y l  c h l o r i d e  was e x 

p e c t e d  a s  one  o f  t h e  p r o d u c t s  a f t e r  t h e  r e a r r a n g e m e n t  i n  

w h ic h  t h e  t e r t i a r y  b u t y l  c a t i o n  was f o r m e d .  A l th o u g h  some 

o f  t h e  c o n d e n s a t i o n s  w e re  r u n  a t  low t e m p e r a t u r e s  I n  o r d e r  

t o  I n v e s t i g a t e  t h i s  f r a c t i o n ,  i t  was n o t  f o u n d .  T h i s  e x 

p e c t e d  f r a c t i o n  was f o u n d  i n  one c a s e  ( 2 , 3 , 3 - 1 r im e  t h y 1-  

b u t a n o l - 2 ) i n  t h e  fo rm  o f  i s o p r o p y l  c h l o r i d e  i n  s m a l l  

a m o u n t s .  The f o l l o w i n g  e q u a t i o n s  i l l u s t r a t e  t h e  p r o p o s e d  

m ec h an ism  f o r  a l l  t h e  c o n d e n s a t i o n s ,  u s i n g  2 , 3 , 3 - t r i r n e t h y l -  

p e n t a n o l - 2  a s  t h e  i l l u s t r a t i v e  e x a m p le :

The c a r b o n i u m  i o n  was b e l i e v e d  to  h a v e  b e e n  fo rm e d  a c 

c o r d i n g  t o  P r i c e  (2-1) i n  t h e  f o i l  w ing  m an n e r :
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she a l k y l  c h l o r i d e .
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The b e n z e n e  was a c t i v a t e d  b y

t h e  AICI3 ,
H

. * C .
H C * * C H

H C
+  AlCl--/« • O

C H

* C
H

a nd  t h e  c a r b o n i u m  i o n  f ro m  

s t e n  two r e a c t e d .
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H H H
HCH H£H

HG VC -C -G -CHgCH-z (7 )
.. i HCH h 6h 
' H H

HC CH 
G*
H

P a r a l l e l  w i t h  t h e s e  r e a c t i o n s  was t h e  r e a r r a n g e m e n t  o f  th e  

c a r b o n i u m  i o n .

CHg-CHr

H H H H
HCH 

•  • HCH HCH i H? H
-G-, - C + —>  CH,-CHo ------C -4— C'CH

; HCH) HCH c kJ  cL -f- ! HCH
V H / H H

2 - 9 . * r — '> c h , - c h 2   C - J - C - C H S  ----- ;>

CH3 H
ch - q V  -f- ch, - chp : c : gh

CH^ H io ;

The r e a r r a n g e d  f r a g m e n t s  r e a c t e d  w i t h  th e  a c t i v a t e d  b e n z e n e  

n u c l e u s  a n d  t h e  l i b e r a t e d  c h l o r i d e  i o n  o f  t h e  r e a c t i o n  o r  

one  p r o d u c t  f o r m e d  a n  a l k e n e .

H CH3 H

HG °  ■’ c : + c ; GH3 ___}  HC G-6H-CH3 (9)
it I CH3

CH

H H

HC , CH CH„ HC CH
• c - c '

H H H H
C H . - 6 :C::C.'H +  h c i  — ?> c h 3- c h 2- c - c h 3 (10)

6 k  Cl

o r  H H H
ch3 c : c :: c : h ( n )

   ■> H

When d e m e t h y l a t i o n  t o o k  p l a c e ,  t h e  r e a c t i o n  may h a v e  f o l l o w e d  

two p a t h s ,  one  i n  w h ic h  t h e  e l e c t r o n s  fo rm e d  a d o u b l e  b o n d ,
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SUMMARY

1* The method, o f  c o n d e n s a t i o n  o f  c a r b i n o l s  w i t h  b e n z e n e  i n  

t h e  p r e s e n c e  o f  a lum inum  c h l o r i d e  h a s  b e e n  m o d i f i e d  i n  su ch  

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

i n v e s t i g a t e d .

2 .  F i v e  t e r t i a r y  c a r b i n o l s  w i t h  i n c r e a s e d  b r a n c h i n g  on th e  

h y d r o x y l  c a r b o n  h a v e  b e e n  c o n d e n s e d  w i t h  b e n ze n e  i n  th e  

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

p r o d u c t s  s t u d i e d .

3 .  D e m e t h y l a t i o n  was f o u n d  to  be p ro n o u n ce d  i n  t h e  more 

h i g h l y  b r a n c h e d  a l c o h o l s ,  and  was e v i d e n t  i n  o t h e r  c a s e s .

4 .  F r a g m e n t a r y  p r o d u c t s  were  i s o l a t e d  and i d e n t i f i e d  

w h i c h  v e r i f i e d  t h e  d e m e t h y l a t i o n  p r o c e s s .

5 .  A p r o c e d u r e  h a s  b e e n  s u g g e s t e d  f o r  t h e  rem ova l  o f  a l k y l  

c h l o r i d e s  w h i c h  h a v e  p r e v e n t e d  th e  s e p a r a t i o n  o f  f r a c t i o n s .

6 . A m ec h an ism  f o r  t h e  c o n d e n s a t i o n  o f  t e r t i a r y  c a r b i n o l s  

w i t h  b e n z e n e  i n  t h e  p r e s e n c e  o f  a n h y d ro u s  aluminum c h l o r i d e  

a t  e l e v a t e d  t e m p e r a t u r e s  h a s  b e e n  p r o p o s e d .
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