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hnd 0 p l a t s s  of f i y r e s .  -.- 
Thj s i s  r::,yy 75 of 76 . S e r i e s  1-1 

I s s u s d  t o :  I I V O a f D I O X  DIVISION 

Its transm,isr:ion or t h e  r e v e l a t i o n  ~f i t s  conten ts  i n  ~ m n n c r  t o  .>n ilnllt:_:t-r- -- -- 
;zed persm i s  p r ~ h i b i t e x a n d  ?~ti~ resu l t  i n  sevzre c r i n i r a l  pena l ty .  ----- 
7, 

I _ . - . -  - _ I _ _  - -_I-- 

~ c f c r e  t h i s  l o c ~ m e n t  ckn be  ~ i v e n  t o  a person t o  read ,  his nane nus6  be qn t h e  
-7 m 5 d i n g  L i s t  of  those autihorized t o  r e & d  riraterial  or! diiu s u b j e c t ,  cr p e r n i s s i c  
x ~ s t  be obta ined  frnin the I n f o r m t i o n  I j iv i s ion  o r  t h s  Exec.;ltive Office.  
A Si;:i3ST or CG~!FIDEi.TTIiiL ciociment is -tc, h e  k e p t  only i n  a guarded area, Xhec 
s t m i t  i n r s t  be kept  ' in 3 locked s*fe o r  i n  a locked f i l i n g  case w" ,,h R 

turnt)ier lock ,  
A SZCRZT or  C0't:FICLWTIHL dccumnt  i s  n o t  t o  be cclpied or c thermise dup l i ca t ed  -..---- ------ 
wi thvu t  p s r n i s s  ion  of t he  ~ r i g i n a t i r ~ g  o f f  ice. Extensive n ~ t s s  on t h e  con ten t s  
of  a s e c r e t  report; nay be taken  only i n  a b o w d  nctrkcok w i t h  nu-tibered pases, 
havicg t h e  designatTon %CBT, This  :nus% be s;fe;;uar~ed i n  t h e  same r:ay as a -- 
S e c r e t  I iepcrt  (See 1, 2 and 3 ) .  &her r ic tes  m i s t  be rvc ided ,  bu t  i f  made must 
he dcne i n  a f orrn r n a a n i n g l ~ s s  t . ~  ariyone 'out t h a  w r i t e r  ant l a t e r  destroyed.  

. .: .,-- %he person or  o f f i c e  t u  mhi-in a .;;...,:ST o t  CO:!FIL~,Y~~!;~~AL docm?n-t i s  i s sued  i s  ac-  ---- --- - 
countable  f'or t he  dwur~lent st PI! 1 tims. A SJ s t c n  :-f' ! i c c o m t a L i l i t y  by s i p e d  
-.- , , - .-.--. - --.-.- . . recaipLs e r  a s i p 2 d   cord D G ~ X  . m s t  always b ~ j  U S G ~ .  F'er:nisaii.n A.or  t r k n s -  
mission t o  a n o t h e r  of 'f ica tha.n t L + ,  of' t!lc hssignea *nust 'of: e b t a i n e d  t h r o t ~ g h  the 
IrLf o raa t ion  i ~ i v i ~  ior ,  and r.l;.cnrd , d  t i lere.  
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PREPARATIOW OF ~ - c ~ * - P R o P E M E - ~  AND TEE 

MECHANISM OF PEF3di~NGddhTb Oi r IDATIOi l  OF PROPENE 

B. A. F r i e s  and 12. C a l v i n  

From t h e  R a d i a t i o n  Labora to ry  and  
Department o f  Chsmis t r y ,  

U n i v e r s i t y  of C a l i f o r n i a ,  Bsrke leyr  

1 0  December 1947 

ABSTRACT. 

l - ~ 1 4 - ~ r o ~ e n e - l  has  boen ~ r e y a r e d .  The m i g r a t i o n  o f  t h e  double 

bond under a v a r i e t y  o f  sxp+>ri rnenta l  cond i t :  ons i n  t h e  p r e p a r a t i o n  o f  

propene h a s  h e e n  i n v e s t i g a t e d .  The nleclianism of t h c  p e r m n g a n a t e  ox i -  

d a t i o n  o f  ths l a b e l l s d  propene has been bxdmined; it h a s  bcen found t o  

proceed by s s v c r a l  p b t h s ,  t h e  r e l a t i v e  i m ~ o r t a n c c  of which depends 

upon t h e  exper in lan ta l  condj t i o n s ,  e s n e c i a l l y  t h e  pH. 

Contract No. W-7405-eng-48. 

For publ ica t ion  i n  J .  Am. Che.m. Soc. 



PREPARATION OF 1 - C ~ ~ - P R O P E N E - ~  AND THE 

MECHANISM OF PEF&lANGANAT' E OX1 EATION OF PROPENE* 

£3. A. ~ r i e s * *  and M. Calvin 

From t h e  Radia t ion  Laboratory and 
Department of Chemistry, 

Un ive r s i t y  of Cal i f o r n i a  , Berkeley. 

10  December 1947 

The p repa ra t ion  of l - ~ ~ ~ - p r o p e n e - l  was undertaken i n  order  t o  have 

a v a i l a b l e  propene l a b e l l e d  i n  a  t e rmina l  p o s i t i o n  and,  i n c i d e n t l y ,  t o  

s tudy  the  s t a b i l i t y  of t h e  double bond when prepar ing  propene under a 

v a r i e t y  of condi t ions .  During the  course of  t h i s  i n v e s t i g a t i o n ,  a  re-  

l i a b l e  procedure f o r  t h e  degrada t ive  ana1ysi.s o f  t h e  propene had t o  be 

developed. This a n a l y t i c a l  problem l ed  t o  a  s tudy of t h e  ox ida t ive  

degrada t ion  of propene wi th  permanganate. 

A number of methods were a v a i l a b l e  f o r  t he  p r e p a r a t i o n  of propene. 

Severa l  of these  methods were t r i e d  wi th  c14 l a b e l l e d  m a t e r i a l s ,  while 

o t h e r s  were discarded  when pre l iminary  t e s t s  w i t h  nonradioac t ive  m a t e r i a l s  

i nd ica t ed  e i t h e r  very  poor y i e l d s  o r  impure products.  The f i r s t  t h r e e  

* Our thanks a r e  due t o  Mrs. Martha Kirk f o r  her  t e c h n i c a l  a s s i s t a n c e  
i n  t h i s  work and p a r t i c u l a r l y  f o r  t h e  performance o f  many of t h e  
i s o t o p i c  ana lyses .  

** While on leave  from Ca l i fo rn i a  Research Corporat ion,  Richmond, Cal i -  
f o rn i a  . - 



of t he  fol lowing methods were a c t u a l l y  e ~ p l o y e d  for- r ad ioao t ive  propene 

syn thes i s  : 

1 )  Dehydration of n-propanol w i t h  metaphosphoric a c i d  

2) Dehydration of n-propanol over heated alumina 

3)  Pyro lys i s  of n-propyltrimethylammonium hydroxide 

4)  Py ro lys i s  of methyl n-propyl xantha te  

5) Dehydrobromination of n-propyl bromide wi th  a l c o h o l i c  KOH 

Extensive rearrangement of t h e  double bond was found t o  occur  when pre-  

par ing  propene by dehydra t ion  wi th  metaphosphoric a c i d  and wi th  heated 

A1203. However, t h e  p y r o l y s i s  of t h e  quaternary ammonium base gave 

l i t t l e ,  i f  any, rearrangement and t h e  product consi-sted p r i n c i p a l l y  3f 
* 

l - ~ ~ * - ~ r o ~ e n e - l  ( C H ~ - C H = C H ~ ) ,  whereas i n  t he  o t h e r  c c t s c s .  r n i x t u r ~ s  of * 
l - ~ ~ ~ - ~ r o n e n e - l  and 3-~14-proocne- l  ( C H ~ - C E = C H ~ )  were obtained.  

Degradation Procedure 

The important f e a t u r e s  des i r ed  i n  t h e  degrada t ive  process  inc luder  

1 )  minimum number of cpe ra t ions  

2)  ea8y s e p a r a t i o n  of t h e  products  of t he  degrada t ion  
r e a c t i o n  

3 )  unequivocal i d e n t i f i c a t i o n  of t he  o r i g i n  of t hese  
products.  

Here a g a i n  s e v e r a l  choices  were a v a i l a b l e ,  among them, ox ida t ive  degrada- 

t i o n  wi th  permanganate and dichromate , o,zonolysis , and g lyco l  formation 

wi th  hydrogen peroxide and subsequent ox ida t ion  and s p l i t t i n g  of the 

g l y c o l  wi th  per ioda te .  Ozonolysis of propene g ives  r i s e  t o  a mixture 

of formaldehyde and ace ta ldehyde ,  which a r e  not  t o o  e a s i l y  separa ted .  

Pre l iminary  g lyco l  formation and pe r ioda te  oxida t ion  a l s o  y i e l d s  t h e s e  

same two aldehydes and i n  a d d i t i o n  involves  more m a n i p d a t i o n .  



Permanganate O x i d a t i o n  of Propene. - - -- 
Acid permanganate o x i d a t i o n  should produce a c e t i c  and c a r b o n i c  

a c i d s  i f  propylene g l y c o l  i s  a n  i n t e r m e d i a t e i  T h i s  appeared  t o  be  a  

s a t i s f a c t o r y  p rocedure ,  p a r t i c u l a r l y  s i n c e  Evans ( 1 )  r e p o r t e d  t h a t  

p ropy lene  g l y c o l  was conver ted  q u a n t i t a t i v e l y  t o  a c e t i c  a c i d  and C 0 2  

w i t h  n e u t r a l  permanganate a t  50°C, a l t h o u g h  i n  t h e  p resence  of a l k a l i ,  

o x a l i c  a c i d  was formed. Hence, examina t ion  o f  t h e  a c e t i c  and c a r b o n i c  

a c i d s  f o r  $4 shou ld  i n d i c a t e  t h e  e x t e n t  o f  l a b e l l i n g  o f  t h e  two term- 

i n a l  c a r b o n  atoms of t h e  propene* However, rearrangement  of t h e  double  

bond m i g h t  a l s o  occur d u r i n g  t h s  a n a l y s i s ,  b u t  t h i s  cou ld  n o t  be d e t e r -  

mined u n t i l  some r a d i o a c t i v e  propene had been  p repared .  Although p e r -  

manganate o x i d a t i o n  was chosen f o r  t h e  d e g r a d a t i v e  a n a l y s i s ,  i n  one 

i n s t a n c e  o z o n o l y s i s  was employed t o  collf irm t h e  r e s u l t s  o f  t h e  perman- 

g a n a t e  method. 

The f o l l o w i n g  p rocedure  was f i r s t  t e s t e d  w i t h  n o n - r a d i o a c t i v e  
propene.  Approximately t h r e e  m i l l i m o l e s  of propene was i n t r o d u c e d  i n t o  
a n  evacua ted  3-necked f l a s k  of a b o u t  385 m l .  volume. F i f t y  m l ,  of 
wa te r  o r  b u f f e r  s o l u t i o n  was added th rough  a  dropping f u n n e l .  An i n -  
d u c t i o n  s t i r r e r  was used t o  a g i t a t e  t h e  aqueous phase. An amount o f  
0.4 N a t n 0 4 ,  c a l c u l a t e d  t o  be j u s t  s u f f i c i e n t  t o  o x i d i z e  propene t o  
p ropy lene  g l y c o l ,  was added over a  ~ e r i o d  o f  45  minutes .  Th i s  w h s  
fo l lowed  by t h e  a d d i t i o n  of 110 p e r c e n t  of t h e  amount of 2N IJinO4 r e -  
q u i r e d  f o r  t h e  o x l d a t i o n  o f  propylene g l y c o l  t o  a c e t i c  and c a r b o n i c  
a c i d s .  l ' h i s  a d d i t i o n  r e q u i r e d  45 minu tes ,  a f t e r  which t h e  s o l u t i o n  
was s t i r r e d  15 minutes  more. A n  HzSOq-acidified s o l u t i o n  of FeS04 was 
added t o  reduce  a l l  manganese t o  t h e  manganous s t a t e  and s i m u l t a n e o u s l y  
l i b e r a t e  COZ. The f l s s k  was connected t o  a  NaOH a b s o r b e r  and swept  w i t h  
n i t r o g e n  gas  t o  c o l l e c t  t h i s  C 0 2  f r a c t i o n .  The s o l u t i o n  remain ing  was 
s team d i s t i l l e d  t o  recover  a c e t i c  a c i d .  Th is  l a t t e r  was t i t r a t e d  w i t h  
NaOH and  evapora ted  t o  d ryness  a s  sodium a c e t a t e ,  The weigh t  of t h e  
s a l t  o b t a i n e d ,  when compared w i t h  t h e  t i t r a t i o n  v a l u e ,  i n d i c a t e d  t h a t  
t h e  s a l t  was t h e  h c e t a t e .  This p rocedure  was s t u d i e d  a t  s e v e r a l  v a l u e s  
of pH and a t  two tempera tu res .  The r e s u l t s  a r e  shovfn i n  Table I. 



TABLE I 

O x i d a t i o n  of Propene w i t h  KMn04 a t  S e v e r a l  Values o f  pH. 

----- --- --- ... *-.. - 
Temp* OC. 3 5 35 

! -. L 

Noles C02 -- 
Moles C3Hg 

It can be s e e n  t h a t  i n  weak a c i d  s o l u t i o n  a b o u t  70% o f  t h e  t h e o r e t -  

i c a l  amount ;f acs'ic a c i d  a ~ d  90% of t h e  t h e o r e t i c a l  amount of c a r b o n i c  

a c i d  may be  recovered .  Th is  c h l c u l a t i o n  was based  on t h e  s p l i t t i n g  of 

propene a t  t h e  double  bond t o  y i e l d  cquimolar  amounts of a c e t i c  and c a r -  

b o n i c  a c i d s .  There  was no s i g n i f i c a n t  change i n  y i e l d  o f  t h e s e  two 

f r a c t i o n s  on dec:-assing t h e  pH f rom 6 t o  4  and s t r o n g e r  a c i ?  w 2 s  avoided 

t o  reduce  tk,e possibility of' a s h i f t  of t h e  double  bond i n  FroDene 

d u r i n g  ti- e a n a l y s i s .  I n  t h e  subsequant  use  of t h i s  procedure  w i t h  t h e  

v a r i o u s  samples c -  r h d i o a c t i v e  propene,  t h e  r e a c t i o n  was c a r r i e d  o u t  a t  

pH 4 and a t  room - ~ m p e r a t u r e .  I n b s w c h  a s  t h e  t o t a l  ca rbon  recovery  i n  

t h e  C02 and  a c e t i c  a c i d  f r a c t i o n s  W Y S  q u i t e  low (70-80b) an  a t , tempt  was 

made t o  l o c h t e  t h e  miss ing  carbon. T h e  s o l u t i o n  remaining a f t e r  s team 

d i s t i l l a t i o n  of t h e  a c e t i c  ~ c i d  was made 6 N jn H2S04 and 0.5 RI i n  Cr03, 

hea ted  t o  b o i l i n g  and swept wi th  oxygen f o r  one hour.  Cons i2erab le  

ca rbon  and ($4 a c t i v i t y  was found i n  t h i s  f r a c t i o n .  The i ~ c l u s i o n  of 
- - 

t h i s  a d d i t i o n a l  ca rbon  boos ted  t h e  t o t a l  carbon r e c o v e r y  t o  85-YO$. 



There were s e v e r a l  i n d i c a t i o n s  t h a t  t h i s  ox id izable  r e s idue  was 

o x a l i c  ac id .  F i r s t ,  o x a l i c  ac id  may be found dur ing  a l k a l i n e  permangan- 

a t e  ox ida t ion  of propylene g lyco l  (1). Second, oxa l i c  a c i d  i s  oxidized 

very  s lowly a t  2 5 ' ~  and pH 4 by Dl1104 o r  Mn02 and t h e r e f o r e ,  t he  o x a l i c  

a c i d  would be s t a b l e ,  i f  p r e sen t .  Third,  t h e  na tu re  o f  t h e  a n a l y t i c a l  

procedure e l i m i n a t e s  t h e  p o s s i b i l i t y  o f  a  one carbon compound, s i n c e  these  

compounds ( C H ~ O H ,  HCHC, HCOOH), i f  n o t  completely oxidized by t h e  perman- 

ganate ,  would be v o l a t i l i z e d  during the  steam d i s t i l l a t i o n .  I n  a d d i t i o n ,  

subsequent s p e c i f i c  a c t i v i t y  de te rmina t ions  of t h i s  f r a c t i o n  ( s e e  Discus- 

s i o n )  e l imina ted  t h e  p o s s i b i l i t y  of a t h r e e  carbon compound and corresponded 

we l l  wi th  a  two carbon substance.  Hence, t h i s  r e s idue  was e i t h e r  oxa l i c ,  

g l y c o l i c  or  g lyoxy l i c  a c i d .  The l a s t  two of t h e s e  may be in te rmedia tes  

i n  t h e  formation of o x a l i c  ac id .  hthylone g lyco l  a l s o  s a t i s f i e s  t h e  chemi- 

c a l  p r o p e r t i e s  s e t  f o r  t h e  r e s idue ,  b u t  it i s  d i f f i c u l t  t o  s ee  why t h i s  

g lyco l  should remain unoxidized while  propylene g lyco l  i s  appa ren t ly  com- 

p l e t e l y  r eac t ed .  

I n  one experiment wi th  r ad ioac t ive  propene, t h e  i s o l a t i o n  of o x a l i c  

a c i d  WRS attempted. Af t e r  t h e  a d d i t i o n  of t h e  l a s t  permanganate, a l l  man- 

ganese was removed a s  IihOZ by cen t r i fuga t ion .  I n a c t i v e  sodium oxa la t e  

was added a s  a c a r r i e r  and the  oxa la t e  was u l t i m a t e l y  p r e c i p i t a t s d  as  

CaC204 a f t e r  s e p a r a t i o n  from phosphata by employing t h e  scheme of Swif t  (2). 

Tbe completeness cf reccvery  of oxa la t e  could n o t  be a c c u r a t e l y  determined, 

b u t  appeared t o  be nea r ly  q u a n t i t a t i v e .  IJowever, s i n c e  t h e  calcium s a l t s  

of g l y c o l i c  and g lyoxy l i c  s c i d  a r e  r e l a t i v e l y  in so lub le ,  t hey  might be 

c a r r i e d  down wi th  t h a  CaC204. The CaC204 was t i t r a t e d  wi th  permanganate 

- 
2. E. 11. Swif t ,  A System of Chemicel d n l y s i s ,  P ren t i ce -Ba l l ,  Inc., New 

York, 1940, p. 469 et. seq. 



i n  t h e  u s u a l  manner, and t h e  C02 was c o l l e c t e d  and ana lyzed  f o r  ~ 1 4  

a c t i v i t y .  The t i t r a t i o n  a g r e e d  w i t L i n  3  p e r c e n t  w i t h  t h e  formula CaC204 

f o r  t h e  c a l c i u m  p r e c i p i t a t e ;  however, s i n c e  t h e  amount of c a r r i e r  wzs 

abou t  f o u r  t i m e s  t h e  amount of o x a l a t e  expec ted ,  t h e  p resence  of o t h e r  insoluble 

~ a l c i u m  s e l t s  migh t  have been  masked. The amount of c~~ found a s  o x a l a t e  

was a b o u t  70% of t h e  amount found by d i r e c t  Cr03 o x i d a t i o n  o f  t h e  r e s i d u e  

i n  a n o t h e r  exper imant  u s i n g  t h e  same r a d i o a c t i v e  propene.  

Ozonolysis  Lethod. 

k h i g h l y  r e f i n e d  p rocedure  was n o t  developed b u t t h e  fo l lowing  
scheme gave a  s a t i s f a c t o r y  check w i t h  t h e  r e s u l t  o f  t h e  a c i d  permanganate 
o x i d a t i o n .  About t k r e e  mi l l i rno les  of propene was t r a n s f e r r e d  t o  t h e  
o z o n o l y s i s  v e s s e l ,  1 5  m l .  o f  e t h y l  c h l o r i d e  was added and t h e  v e s s e l  
immersed i n  a  d r y  i c e - a c e t o n e  b a t h ,  A c u r r e n t  o f  oxygen c o n t a i n i n g  
2-35 ozone was bubbled through t h s  s o l u t i o n  u n t i l  t h e  s o l u t i o n  t u r n e d  
b l u e  ( i n d i c a t i n g  exoess  ozone) .  The v e s s e l  and c o n t e n t s  were warmed 
t o  oOC and 1 0  m l .  w a t e r  added a:ld shaken  w i t h  t h e  e t h y l  c h l o r i d e .  The 
e t h y l  c h l o r i d e  was removed by e v a n o r a t i o n  under house vacuum. The 
aqueous s o l u t i o n ,  which now c o n t a i n s  formaldehyde and  a c e t a l d e h y d e ,  was 
made a l k a l i n e  w i t h  NaOH, Excess ICi15n04 was added and t h e  s o l u t i o n  h e a t e d  
t o  500C. Ths formaldehyde was o x i d i z e d  t o  C02 w h i l e  t k ~ e  a c e t a l d e h y d e  
was o x i d i z e d  t o  a c e t i c  a c i d .  From % h i s  p o i n t  on, t h e  a n a l y s i s  was 
c a r r i e d  o u t  i n  t h e  same manner a s  t h e  permanganate procedure .  I n  t h i s  
ozon iza%ion  some propene ~ r o b r b l y  was swept  o u t  o f  t h e  s o l u t i o n  by t h e  
c u r r e n t  o f  oxygen, w h i l e  some of t h e  a ldehydes  were l o s t  d u r i n g  t h e  
e v a p o r a t i o n  of e t h y l  c h l o r i d e .  I n  a d d i t i o n  som6 e t h y l  c h l o r i d e  re- 
m:ined i n  t h e  aqueous  phase  and was o x i d i z e d  t o  a c e t i c  a c i d .  

* 
Prep6 r a t i o n  of 1 - ~ 1 4 - n - ~ r o ~ a n o l  ( Z H ~ -  C E ~ - C H ~ O H )  ---. - - 

The p r i n c i p a l  i n t e r m e d i a t e  i n  t h e  s y n t h e s i s  of p ropy lene  was 
propanol .  The s t a r t i n g  p o i n t  of t h i s  s y n t h e s i s  was BaC03 c o n t a i n i n g  ~ 1 4  
from which ~ 1 4 0 2  was o b t a i n e d .  The f o l l o w i n g  s e r i e s  of r e a c t i o n s  ou t -  
l i n e  t h e  p rocedure  by which n-propanol  was p repared .  



* * 
5) CH3-CHZ- COOCH2 -CH2-CH3 *--- -) CH3-CH2-CH2011 

Cu chromite 

The procedure f o r  carbonat ion  of Grignard reagent  i n  a  vacuum system 
has been descr ibed  (3 ) .  I n  t h e  p re sen t  case,  t he  e t h y l  magnesium bromide 
was p r e p r e d  under n i t r o g e n  and 25 mi l l imoles  of  t h e  r eagen t  wa t r a n s f e r r e d  
w i t h  a  syr inge  i n t o  a  f l a s k  connected t o  t he  vacuum l i n e .  The 8 O2 was gen- 
e r a t e d  by t h e  a d d i t i o n  o f  concentrated H2SO4 t o  4.12 gms. (20.9,millimoles) 
of BaC03 conta in ing  approximately 800 microcur ies  of ~ 1 4 ,  The Cog was re-  
covered i n  a  t r a p  cooled wi th  l i q u i d  n i t rogen  and then  al lowed t o  d i s t i l l  
i n t o  t h e  Grignard r eagen t  held a t  -2OoC. bihen t h e  a b s o r p t i o n  of carbon 
dioxide was complete, t h e  s o l u t i o n  was cooled t o  -800C and t h e  G r i p a r d  
co~pound decomposed by t h e  a d d i t i o n  of d i l u t e  H2SO4 and warming. l he  e t h e r  
was evaporated under house vacuum, bromide ion  was p r e c i ~ i t a t e d  by t h e  addi-  
t i o n  of excess hg2S04 and t h e  s o l u t i o n  steam d i s t i l l e d  t o  recover  propionic  
a c i d .  l i f t e r  t i t r a t i o n  with IiaOB, t h e  s o l u t i o n  was evaporated t o  dryness  
and s o l i d  sodium p ropr iona te  was recovered wi th  94.8% y i e l d .  a very  high 
s p e c i f i c  a c t i v i t y  product  was not  requi red  i n  t h i s  experiment and a l a rge  
di1ut:on of ~ 1 4  a o t i v i t y  could be t o l e r a t e d .  Consequently, t h e  reduct ion  
of the  ac id  t o  a l c o h o l  was c a r r i e d  out  on the  n-propyl e s t e r .  The use of 
t h i s  e s t e r  e l imina ted  t h e  subsequent s epa ra t ion  of two a l coho l s  fol lowing 
the  hydrogenation, The e s t e r i f i c a t i o n  was c a r r i e d  out on a  40 m i l l i n o l e  
s c a l e  b,- adding i n a c t i v e  sodiuq  propr iona te  t o  1,62 gms. (16.8 mi l l imo les )  
of t h e  r s d i o a c t i v e  s a l t .  The e s t e r i f i c a t i o n  was d r iven  t o  completion by 
azeo t rop ic  d i s t i l l a  t i o n .  The s o l i d  s a l t  was re f luxed  f o r  s e v e r a l  hours with 
a  mixture of 9.0 m l .  of n-propyl a l coho l ,  10.0 m l .  of benzene and 1.1 m l .  
of concentrated s u l f u r i c  ac id .  , i a te r  was removed a s  t h e  t e r n a r y  azeotrope 
( 6 8 . 5 0 ~ )  with n-propyl a l c o h o l  and benzene, H 16  inch ,  6 mm. 1.D. vacuum 
jacketed,  unpacked column was used f o r  the  d i s t i l l a t i o n .  &en t h e  tempera- 
t u r e  of t h e  d i s t i l l a t e  reached 740C, t h e  f l a s k  was cooled and 1.0 gms. of 
CaC03 was added t o  des t roy  excess  H2SO4* The d i s t i l l a t i o n  was continued, 
t he  remaining benzene being removed a s  tle b ina ry  azeot rope  ( 7 7 . 1 0 ~ )  with 
n-propyl a lcohol .  The d i s t i l l a t i o n  was stopped when t h e  temperature reached 
920C. The e s t e r - a l coho l  s o l u t i o n  remaining was removed from t h e  CaS04-CaC03 
r e s idue  by vacuum t r a n s f e r .  This s o l u t i o n ,  about  8 m l ,  was p i p e t t e d  i n t o  
a  high pressure  hydrogenat ion bomb ( h i n c o ,  43 m l .  s i z e )  conta in ing  2.0 gms. 
of copper chromite c a t a l y s t  (ndkins) .  The bomb wus charged wi th  2500 p.s . i .  
of E2,  heated t o  250°C and maintained t h e r e  f o r  n ine  hours. The contents  of 
t h e  bomb were t r a n s f e r r e d  on t h e  vacuum l i n e  i n t o  a  f l a s k  conta in ing  CaO 
where the  a lcohol  was d r i ed .  The a lcohol  was aga in  t r a n s f e r r e d  on t h e  vacuum 
l i n e  i n t o  a small  d i s t i l l i n g  f l a s k  and f r a c t i o n a l l y  d i s t i l l e d  using t h e  
column described above. The f r a c t i o n  b o i l i n g  from 96-97OC was recovered. 
The f r a c t i o n  b o i l i n g  below 96OC (about  2  ml.) was re turned  t o  t h e  d i s t i l l i n g  
f l a s k  wi th  2.5 m l .  of n-propyl a l coho l  and t h e  mixture r e d i s t i l l e d .  This  

3. If. G. Dauben, J ,  c. Reid, and P. E. Yanlmich, ana l .  Chem. 1947. 
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was r e p e a t e d  a g a i n  w i t h  2.0 m l .  o f  n-prop21 n l c o h o l .  Ths 9 6 - 9 7 ' ~  f r a c t i o n s  
were combined w i t h  t h e  f i r s t  f r a c t i o n  col lectar ' , .  I n  tl-!is manner 10.3 m l .  
of  l - ~ ~ ~ - n - ~ r o ~ y l  a l c o h o l  was ohta i -ned.  Ahe i n d i v i d u a l  s t e p s  i n  t h e  above 
procedure  were t e s t e d  f i r s t  w i t h  i n a c t i v e  m!. t e r i a l s .  These t e s t s  gave y i e l d s  
o f  30-95% f o r  t h e  curbonation of e t h y l  magnesium bromide and 95% f o r  t h e  e s -  
t e r i f i c a  t i o n  hnd h y d r o g e n s t i o n  when measured b j  s a p o n i f i c a t j  on. I n  t h e  
r a d i o a c t i v e  s l n t h e s i s ,  t h e  c a r b o n a t i o n  y i e l d  was 95%. The chemical  y i e l d s  
of t h e  o t h e r  s t e p s  were n o t  checked because  t h e  amount of a l c o h o l  which r e -  
;mined w i t h  t h e  e s t e r  a f t e r  a z e o t r o p i c  d i s t i l l a t i o n  was n o t  known. The y i e l d s  
and l o s s e s  of c14 i n  v a r i o u s  f r a c t i o n s  a r e  shown i n  Table 11. The f i n a l  
o r o d ~ ~ c t  con ta ined  4.58 x 106 c/min/ml. o r  abou t  50,Pc/ml. 

c14 Y i e l d s  and Losses  i n  F ' r e ~ a  r a t i o n  of l - ~ ~ ~ - n - p r o p a n o l  

i 1 Residue 1 Grignard r e s i d u e s  

I 
1 Sodium P r o p i o n a t e  ( 94.8% jri e l d )  
-- - - - - - --- - - - - - - - - - - - - - 

I S t a r t i n g  sodium prop iona tu  f o r  e s t 2 r i f ; c a t i o n  

I Residue 2 hzeo.  d i s t .  67-74' f r c ~ c t i o n  

/ Residue 3 Azeo. d i s t .  74-92' f r a c t i o n  

I 1 Residue 4  F i n a l  d i s t .  r e s i d u e s  
i 
1 F i n a l  n-propanol 
I 
j c14 m a t e r i a l  b a l a n c e  1 ' . - ----- - -- -- .- - 

P r e p a r a t i o n  of 1 - ~ 1 4 - n - ~ r  opyl bromide. - The p rouy l  bromide v!as p r e p a r e d  from ------------ -.-? -- 
n-propano1 by t h ~  phosphorus and b r o ~ i n e  method ( 4 ) ,  b u t  a d d i t i o n a l  phosphorus 
and B r 2  were  added. khe )T ie la  of p r o p y l  bromide was 76% b h s t d  on propn?ol.  
PA low c14 a c t i v i t y  sanp le  of  pronanol  w s  p rspared  by d i l u t i o n  of t h e  h igh  
t t c t i v i t y  m a t e r i a l  f o r  use  i n  t h i s  p r s p & r a t i o n .  

- * 
4. 11. 11, P l z ~ t t ,  Org-pic  Lyntheses .  C o l l e c t i v e  Vol. I ,  John  i i l e y  and 
- Sons,  I n c . ,  fie:: " ~ o r k ,  1341, p. 37. - 



Dehydration of n-propanol with Metaphosphoric Acid. h 2 m l .  sample of  - 
prop'anol c o ~ ~ t a i n i n ~ ~ % ~ m - ~ ~ ~ m ~ o f a l c o h o l  (prepared by d i l u t i o n  
of t h e  bigh a c t i v i t y  a roduct )  was dehydrated t o  pronene by dropwise a d d i t i o n  of 
t b e  a l c o h o l  t o  3 m l .  of metaphospboric a c i d  a t  2500C according t o  t b e  method of 
Newth (5 ) .  d a t e r  a d a l coho l  were condensed i n  a t r t ip  a t  -20°C whi le  t h e  propene 
was passed tb rou  h t r i e r i t a ,  t hen  condensed i n  a dry  l c e  t r a p .  bons jderable  
a l coho l  d i s t i l l e i  ou t  of t h e  f l a s k  wi thout  r e a c t i n g  and t h e  y i e l d  of prooene 
was 40% based on t h e  s t a r t i n g  propanol. The gas sample was analyzed by mass 
spectrometer  (*). The a n a l y s i s  of t h e  gas showed 80% propene, 9% b u t e w s ,  9% 
butanes and pentanes and 1% pentenes and hexenes. The propanol was analyzed by 
mass spec t rometer  and found t o  be 99.5% Dure; t h e  impuri ty  may have been b u t y l  
a l coho l .  

Dehydration of n-propanol over heated k l 2 O p  A 2 m l .  po r t i on  of t h e  above 
d i l u t e  propanol  was dehydrated by dropwise add:-tion over a ~ e r i o d  of 30 minutes 
i n t o  a v e r t i c a l l y  mounted quar tz  furnace tube  conta in ing  hlZOg a t  3900C. The 
U 2 O 3  was 12-24 mesh h lo rco  ~ l u m i n a  (~luminurn Company of Amerlca, Grade F-1) 
packed i n  a bed 23 cm. long and 0.7 cm. i n  diameter .  Traps were arranged a s  
i n  t k e  previous  experiment. Continuous n i t rogen  sweeping was maintained t o  
reduce t h e  res idence  time i n  t h e  c a t a l y s t .  The contac t  t imes was a ~ a r o x i m t e l y  
5 seconds. A second sample of a lcohol  was dehydrated over l a b o r a t o r  prepared-  
A1203 obtained by p r e c i p i t a t i o n  of h l ( 0 ~ ) ~  from reagent  grade f L l ( ~ O 3  3 3. The 
c a t a l y s t  temperature was 4 1 5 ' ~  while  t h e  con tac t  s i n e  was only 2 s e c o ~ d s ~  The 
a n a l y s i s  of t h e  f i r s t  of t h e s e  a s  sam l e s  was 973 pro  ene and 3$ butenes ,  B whi le  t h e  second gas sample confeined 85% propene, 3.510 butenes ,  0,5/. propane 
and 0.5% n-butane. The y i e l d  of propene was about  95% i n  both  cases .  

f3yrolysis of n-Propyltrimethylammol~iwn -- hydroxide. -- The qua r t e rna ry  ammonium 
bromide has prepared by t h e  a d d i t i  n of 5 m l ,  of n-propyl bromide ( con ta in ing  
8300 o/m ~ i 4 / m i l l i m o l e )  t o  excess  C H ~ ) ~ N  i n  a l coho l  and r e f lux ing  f o r  s e v e r a l  
hours.  T h s  s o l v e n t  was evaporate? t h e  bromide d isso lved  i n  water and excess  
f r e s h l y  prepared AgZO -.vas added t o  c o m e r t  t h e  bromide t o  hydroxide. A f t e r  
f i l t e r i n g  UgBr and o x c e s ~  kg20 t h e  aqueous s o l u t i o n  was bo i l ed  t o  dryness  i n  a 
system conta in ing  a co ld  water concensor, a 1 N BC1 1~3sh b o t t l e  t o  remove 
(CH~)+, a tube  of h i e r i t e  and a 1iqui.d N2 t r a p  t o  condense propene. The 
system was swept wi th  n i t rogen  during t h e  hea t ing .  b e  y i e l d  of propene was 
approximately 90%. Analysis of t h e  gas skowed 99% propene, 0.5% butenes  and 
0.55 e thylene .  

P y r o l y s i s  of Xetkyl n-propyl Xanthate. The procedure of Schurrnann and Boord ( 6 )  -- 
was employed f o r  p repa r in  t h e  xantba ts  e s t e r ,  however, t h e  f i n a l  e s t e r  was not  Pr Duri f ied  by vacuum d i s t i l  a t i o n  a s  c a r r i e d  ou t  by these  au thors .  The decoinposi- 
t i o n  of t h s  e s t e r  took place v e r  slowly and a f t k r  b o i l i n g  f o r  24 hours ,  only 
h a l f  t b e  e s t e r  was decomposed. $tie system was swept with a slow c u r r e n t  of 
n i t r o g e n  and t h e  ga;es were passed 'A-rough a 1 R vaOH wash b o t t l e  t o  remove COS 
and CH3S#, t hen  khrough a dry ing  tuSe a ~ , d  f i n a l l y  i n t o  a l i q u i d  N2 t r a p .  The 
y i e l d  of propene was about  25% and t h e  k,as composition was 56% propeqe, 30% 
butenes,  1.4A ethene,  14% COS while t h e  remhinder o f  t h e  gas cons is ted  of s e v e r a l  
s u l f i d e s  and mercaptans. This method of propene p repa ra t ion ,  bes ides  g iv ing  
a gas  d i f f i c u l t  t o  f r e e  of s u l f u r  compounds a l s o  contained a n  e x t r a o r d i n a r i l y  
l a r g e  amount of hutene. The use of t h i s  method was no t  a t tempted wi th  r a d i o a c t i v e  
n r o ~ a n o l .  

* A l l  gas  samples were. analyzed by mass spectrometer  by br .  ?I. dauer ,  th rough 
t h e  cour tesy  of Ca l i fo rn i a  Research Corporat ion,  Richmond, Ca l i fo rn i a .  

5. G. S. Newth, J. Chem. Soc. 79, 915 (1901). 
6. I. Schurmann and C. E. 3 o o r d T ~ .  Am. Chem. Soc. 55, 4930 (1933) 0 - 



Lehydrobrominat ion of n-propyl  brori .de w i t h  a l c o h o l i c  WE. Propene was p re -  
I _ _ _ _ _ _ _ C _ . -  _.- .----.1_1.------------ 

pared by r e f l u x i n g  t h s  brc;,de w i t h  e x c e s s  Y O 3  d i s s o l v e d  i~ a b s o l u t e  e t h a n o l  
i n  a sys tem s i in i la  r t o  thc:e d e s c r i b e d  above.  Lht ,  y;s-ld o f  nropcne was about  
lo$, t h e  b u l k  o f  t h e  produc-.. b e i n g  e t h y l - o r o p y l  o t h e r .  Tai' ( 7 )  r s o o r t e d  kt y i e l d  
of 20% Dropene. a n a l y s i s  c ?  t h e  ;as satrmle ~ h o w e d  75% p r o p a e ,  16% b u t e n o s ,  
3% 1-bu tane ,  3% e t h y l  propyl  e t h b r  and t r a c e s  of e t h a n e ,  m-opane and p ropy l  
bromide. t h c  use o f  t l - i s  nethod was n o t  a t t e r n ~ t e d  with r a d i o a c t i v e  p ropy l  
bromide. 

R e s u l t s  and G i s c u s s i o n  

I n  T ~ . b l e  I11 u s u m ~ r y  of t h e  r e s u l t s  of t h e  p e r ~ a n g a n a t e  d e g r a d a t i o n s  o f  

t h e  v a r i o u s  samples of propene is  p r e s e n t e d .  Zince t h e  n~echanism of permangenate 

o x i d a t i o n  of p ropepe ,  t h e  r e l i a b i l i t y  o f  this o x i d s t i o n  a s  a n  a n a l y t i c a l  p roce-  

d u r e ,  and t h s  n a t u r e  of' t h e  l a b e l l i n g  o f  t h e  Dropene could  n o t  be determined 

independeq t ly ,  it w i l l  be n ,?cessa ry  t o  examine t h e  d a t a  i n  t h i s  t a b l e  from t h e s e  

t h r e e  p o i n t s  of view. Tho f ' ac t  t h a t  d i f f e r e n t  s p e c i f i c  t i c t i v i t e s  wsre  found 

i n  t h e  v a r i o u s  ? r e c t i o n s  from propane   re pared by d i f f e r e n t  metbo i s  proved 

t h a t  r s6 r rangement  o f  t h e  d o a b l e  b m d  t o  e q u i l i b r i u m  d i d  not, occrur d u r i n g  t h e  

a n a l y s i s .  I n s p e c t i o i l  of  experimerits  1, 2 ,  and 3 s!-ows that e x t e n s i v e  mi -gra t ion  

of t b s  double  bond o c c i r r e d  d u r i n g  t h e  preparation by t h e s s  m;thods and ,  i n  

f a c t ,  t h e  propene prtducec? i n  exper iments  1 and 3 consi.st;ed o f  e q u j l i b r i u m  

m i x t u r s s  of l - ~ ~ ~ - o r o ~ e n e -  1 and 3 - ~ ~ ~ - ~ r  opene-1. Howevsr , t h e  prooene d e r i v e d  

from t h e  q u a t e r n a r y  ammonium base (exper iment  4 )  showed l i . t t l e ,  i f  any,  r e -  

a r r a n g a n e n t  of t h e  double  bond ar,d +.he p roduc t  cons.i .s ted,  a lmos t  e n t i - r s l y ,  of  

l - ~ l ~ - ~ i - -  opene-1. 

The mtichanism iilhick! hsls b.;en a s s u m d  f o r  t h e  oxidative s p l i t t i n g  of o l o f i n s  

-.vitt? pernmriglnate c o ! ~ s i ~ t s  of r u p t u r e  of t h e  niolecult. ~t t'rs do11b1.o bo:-td w i t h  

a c e t i c  a c i d  i c  t o  b e  used cls a  measurt; o f  l a b e l l i n g  of t h e  methyl  group of 

o ropene ,  it is n e c e s s a r y  t o  dtmonstr r i te  t h a t  a l l  t! e c14 act; i .vi ty i s  p r e s e n t  - - 



Table 111 

Prepara t ive  
Frocedurc 

Spec i f i c  Ac t iv i ty  of c14 
i n  s t a r t i n g  a a t e r i a l  
(c/m/millimole ) 

1 

F h c t i o n  Analyzed 

Spec i f i c  Ac t iv i ty  of CU i n  
i 

Fr2ct ion (b/m/millirnolc c) i 
1 -- , 4 -..- --- 

% of t o t a l  c14 recovered I 
! i n  P r l c t i o n  * i 
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I Dehydrltion v ~ i t h  Dehydration wi th  
Dehydr l t i o n  wi th  F,?rol, s is  of 

Iktaphospboric Acid Alorco A1203 L ~ b o r s t o r y  prepared n-propyl t r i n e t h y ?  
' 

A12 '3 a~moniurn h y d r o x i d ~  
i - 

T -- 1 

I 

* In  t h i s  c a l c u l s t i o n  o n l y  t'qe o l d f i r  cor4,cnt  of t h e  gas sayple  used i n  t h e  MInQL sns lyses  t s k e n  i n t o  
wcoun t .  The presence of k b e i l e d  butene s ~ d  o the r  o l e f i n s  de r ived  from the  o r i g i r l l  l s b e l l e d  propanol 
in t roduces  some e r r o r  i n  the  c i l c u l ~ t i o n  of j l ie l?s  a s  we l l  ss i r ,  t h e  s p e c i f i c  l c t i v i t y  of t h e  va r ious  
f r a c t i o n s .  This e r r o r  cannot be co r r ec t ed ,  s i n c e  ne i the r  t h e  nlmber of ~ 1 4  l a b e l l e d  j t o ~ s  per molecule 
nor t % e  isomers were k o o ~ ~ n .  
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i n  t h e  methyl g roup  o f  t k e  ~ c e t i c  a c i d *  Therefore, on p y r o l y s i s  of a sample 

of barium a c e t n t e  t o  a c e t o v r  and  BaC03, t h e  l a t l e r  shou ld  co  ! t a i n  no c14. A 

sample o f  a c e t s t e  f r o s  e x m - i m e n t  2 ,  when pyro lyzed  showed $.bat 5% of  t h e  c14 

p r e s e n t  was p r e s e n t  i n  t h e  c a r b o x y l  group. The p y r o l y s i s  of a  samnle of syn the-  

t i c  mcjthyl-16belled a c e t a t e  (8)  y i e l d e d  1%-2% of  t h e  t o t a l  a c t i v i t y  i n  t h e  BaCOg 

which would cor respond  t o  Z-4% of  t h e  a c t i v i t y  a ~ p a r e n t l y  b e i n g  3n t h e  c a r b o x y l  

group. Hence, t h e  abova r e s u l t  may be t a k e n  t o  mean t h a t  l i t t l e ,  i f  any,  

ca rboxyl  a c t i v i t y  i s  p r e s e n t  and t h a t  t h e  ca rboxyl  g roup  of  t h e  a c e t a t e  i s  de- 

r i v e d  from t h e  c e n t r a l  ca rbon  ::torn o f  t b e  nropens .  Thertforiil,  i n  e v e r y  c a s e  

shown i n  Table 111, t h e  sps .  L f i c  t t c t i v i t y  o f  t h e  methyl  ca rbon  of  a c e t i c  a o i d  

may bo o b t s i n e d  b y  d o u b l i n g  Lhe s p c c i f i c  a c t i v i t y  shown f o r  a c e t i c  a c i d .  If 

a c e t i c  a (  l d  i s  b t h  i n t ~ d  on ly  from s p l i t t i n g  of Dropene a t  t h e  double  bond, 

tEen a  c? e  i n  +i,iich t h e r e  i s  no a c t i v i t y  i n  t h e  a c e t a t e  f r h c t i o n  ~ o u l d  prove 

t h a t  a l l  t:e l a b e l l i n g  was a t  one .::~d of t h e  propene.  Th is  i s  tht. case  i n  ex- 

pe r iment  & where on ly  3% of t h e  c ' '~  a c t i v i t y  was p r e s e n t  i n  t h e  [ % p e t a t e .  Th i s  

p a r t , i c u l a r  Prop.  l e  s?-npls was c h e ~ k e d  by t h e  ozonoza t ion  a n a l y s i s  p r e v i ~ ~ u s  l y  

d e s c r i b e d  and c, a c t i  g i t y  c r l ~ l d  bf, found i n  t h e  a c e t a t e .  There fore ,  t h t  propene 

produced i n  exper iment  4 c o n s i s t e d  of t h e  isomer  l - ~ ~ ~ - ~ r o ~ t n e - l  t o  t h e  e x t e n t  

of 97-loo$, and a c e t i c  a c i d  can a r i s e  on ly  from t h e  CH3-CH = p o r t i o n  of t h e  

molecule .  Hcco d i n g l y ,  a c e t a t e  i s  t h e  most r e l l a b l e  i n d i c a t o r  of t h e  a c t i v i t y  

of the  CH3- pos i o n  i n  p r o \ e n a  and t h i s  i s  t r u 6  s ~ t ?  I t h o c , , ' ~  aceJ, ic a c i d  i s  n o t  

recovared i n  10; y i s l d .  

Ths s p e c i f .  a c t ' v i t y  of t h e  C02 f r ~ ~ c t i o n  allwayc was found ka? be lower 

t h a n  t h a t  ca lc i l l>  t cd  on t h e  b a s i s  of  tb: s p e c i f i c  a c t i v i t y  of t h o  a c e t a t e .  'Thus, 

i n  exper iment  1, t h c  ~ p e c i f i c  a c t j v i t y  of t h e  s t a r t i n g  n ropenol  , . i s  6350 c/m 

p e r  mi l l imole .  a l l  t h c  c14 i s  l o c a t e d  iH t h e  1-position i n  t h e  p ropanol ,  

-- , ----.----- 

8. S .  Aronoff,  L. ~ E I ' I S ,  B. n. Fries, t o  be pub l i shed .  



t h e  s p e c i f i c  a c t i v i t y  of t h i s  p a r t i c u l a r  carbon i ~ t o n  i s  a l s o  6350 c/m per m i l l i -  

mole of carbon. The s p e c i f i c  a c t i v i t y  of t h e  methylene carbon of  the  propene 

i s  t h e r e f o r e  6350- ( 2  x  160) = 3130 c/m per  m i l l i n o l e  C ,  b u t  the  s p e c i f i c  a c t i v i t y  

found i n  t h e  C 0 2  f r a c t i o n  was only 2790 c/m. I n  experiment 2 t h e  r e s u l t s  were 

s i m i l a r l y  4150 c/m ve r sus  3980 c/m; i n  experiment 4 ,  8040 c/m versus  7600 c/m. 

These data  i n d i c a t e  t h a t  t h e  C02 carbon i s  no t  exc lus ive ly  d e r i v ~ d  from the  

methylene carbon, b u t  probably from t h e  methyl and c e n t r a l  carbon atoms a s  wel l .  

Examination of t h e  o x a l i c  a c i d  f r a c t i o n  revealed t h a t  t h e  oxa la t e  conta ins  

t h e  methylene carbon atom of propene, The p o s s i b i l i t y  of  one carbon compounds 

being present  i n  t h i s  r e s idue  has been considered a l r e a d y  and has been el imin-  

a ted .  The p o s s i b i l i t y  t h a t  r e l a t i v e l y  l a r g e  amounts of some t h r e e  carbon com- 

pounds might b s  p r e s e n t  may be  e l imina ted  on the  b a s i s  of t h e  s p e c i f i c  a c t i v i t y  

of t h e  f r a c t i o n s .  If t h i s  ox id i zab le  res idue  were e n t i r e l y  a t h r e e  carbon 

compound, t h e  s p e c i f i c  a c t i v i t y  i n  t h e  a c t i v e  p o s i t i o n  would be t h r e e  t imes 

t h e  value shown i n  Tcl-le 111. I n  experiment 4 ,  t h e  s p e c i f i c  a c t i v i t y  repor ted ,  

when mul t ip l i ed  by t h r 2 e  would g ive  a  r e s u l t  much h igher  t han  t h e  o r i g i n a l  

s p e c i f i c  a c t i v i t y  p re sen t  i n  t h e  s t a r t j n g  m i t e r i a l .  On t h s  o ther  hand, i f  t he  

substance were a  two carbon compound, t h e  s p e c i f i c  a c t i v i t y  i n  the  l a b e l l e d  

p o s i t i o n  corresponds c l o s e l y  t o  t h a t  knov~n t o  be p r s s e n t  i n  t h e  methylene 

carbon. These - e s u l t s  demonstrate  t h a t  some propene i s  s p l i t  a t  t h e  CH3-CH 

bond, perhaps t o  t h e  e x t e n t  of 15-20%. The -CH = CH2 group i s  oxidized t o  oxa l i c  

a c i d ,  while t h e  CH3- group i s  s p l i t  o f f  a s  a  one carbon cc-npound, presumably 

oxidized t o  C C ? .  a l t l ~ o u g h  sGme may n o t  be oxidized beyond methonol o r  formalde- 

hyde. The s p e c i f i c  a c t i v i J i y  of c~~ i n  t h e  COz f r a c t i o n  ( r e p r e s e n t i n g  t h e  = CH2 

group) i s  t h e r e f o r e  -ow due t o  t h e  C 0 2  which b r i s e s  from t h e  methyl group and 

- probably from t h e  c e r t r a l  carbon atom a s  well .  I n  t he  a l k a l i n e  oxida t ion  of 

propylene g lyzo l  ( I ) ,  t he  y i e l d  of C o g  i s  aver one mole per  mole of  g l y c o l ,  while 



t h e  a c e t a t e  i s  lower hnd ox t i l a te  i s  h i g h e r  !-?an % F a t  oo th ined  from t h e  a c i d  

o x i d a t i o n .  T b i s  l s d  t o  t h e  p i ; r f o r c ; a n c ~  of c,:: ~ 1 ' ; i ; l i n s  c x i C a t i o n  on t h e  Dro- 

pen? from experiinent 4. T h ~ j  o x i d f : t i o n  xas  c a r r i s d  out  i n  t h e  sams manner a s  

t k o s e  p r e v i o u s l y  d t s c r i b a d  e x c e p t  t h e  mt ;d ium was .04 14 i.n %&OH. The number o f  

moles of C O Z Y  a c e t i c  a c i d ,  and o x a l i c  a c i d  ob th in rd  p e r  mole of propene wsre 

1.64, 0.33 and 0.16 r e s p e c t i v e l y .  The s p e c i f i c  a c t i v i t i e s  o f  t h e r e  t h r e e  f r a c t , i o n s  

were r ~ ~ p s c t i v e l y  3410, 560 nad 4370 c/n p e r  rni l l imole  o f  carbon.  'Ghe y i e l d  of 
a c t i v i t y  

C 0 2  i s  v e r y  h igh  and i t s  s p e c i f i c / i s  v e r y  low, i n d i c a t i n g  t h a t  a  c o n s i d e r a b l e  

p o r t i o n  of.  5.t h a s  cone f rom carbon  atoms o t h e r  t h a n  t h e  methylent: group of  t h e  

p r o p n e .  < u a n t i t a t i v e  e s t i m t e s ,  b a s e d  upon r e l a t i v e  y i c l d s  and s p e c i f i c  

a c t i v i t i e s ,  i n d i c a t e  t h a t  n e a r l y  h a l f  of t h e  prepsne htls been con:pletely oxi-  

d i z e d  t o  carbon d i o x i d e ,  t h e  remainder g o i . 1 ~  p a r t l y  (1/3) t o  r?cet . ic a c i d  and 

CO2 and p e r t l y  (1/6) t o  o x a l i c  a c j d  nnd COZ. b t i l l  a n o t h e r   rout^ o f  o x i d a t i o n  

i s  r e q u i r e d  t o  a c c o u n t  f o r  t h s  s m t i l l  anount  of a c t i v i t y  found i n  t h e  a c e t a t e  

f r a c t i o n .  ' I b i s  can be  a.ccounted f o r  by some s y m m s t r i c s l  i n t e r m e d i a t e  ( r e t a i n -  

i n g  t h e  methyl  $roup)  such a s  isopro;;yl  a l c o h o l  o r  a c e t o n e .  ,e t h u s  h v e  t h r e e ,  

and p robab ly  f o u r ,  p a t h s  th rough  which Dropene i s  o x i d i z e d  b y  peraangana te .  

* (100)  

CH3C021! $ SO2 

The number i n  p a r e n t h . i s i s  i n d i c a t e s  t h e  pe rcen tage  o f  t h e  o r i g i m l  s n e c i f i c  

a c t i v i t y  t o  be found i n  t h e  atom o r  compound s o  l a b e l l s d .  
- - 



I n  t h e  a c i d  o x i d a t i o n  p a t h  I predarnin~tes  (5,/6) w i t k  ph ths  I1 and I11 

c o n t r i b u t i n g  minor and approximatc3ly e q u a l  p a r t s .  Somewhat s i o i l a r  c o n c l u s i o n s  

were deduced f o r  t h e  h l k a l i n e  p e r ~ ~ i a n g a n a t e  o x i d a t i o n  of p r o p i o n i c  a c i d  by 

i \ ,ahinsky and Ruben ( 9 ) .  

On t h e  b a s i s  o f  t h e  a c e t i c  a c i d  s p e c i f i c  a c t i v i t y ,  t h e  propene p r e p a r e d  

w i t k ,  mctaphosphoric  a c i d  was a 50-50 e q u i l i b r i u m  mix ture  of t h e  two forms of 

l a b e l l e d  propene,  t h e  propene p r e p a r ~ d  from commercial 61203 was a 65% 1 - ~ 1 4 -  

propune-1 and  35% 3 - c l * - ~ r o ~ e n e - 1  m i x t u r s ,  t h e  propene p r e p a r e d  from t h e  l a b -  

o r a t o r y  h1203 was a p p r o x i m a t e l y  a 50-50 e q u i l i b r i u m  m i x t u r e ;  w h i l e  t h e  propenc: 

d e r i v e d  from t h e  q u a t e r n a r y  AnUnonium hydroxide wes a 97% l - ~ ~ ~ - ~ r o p e ~ - l  and 

3% 3 - ~ 1 4 - ~ r o ~ e n e - l  mix tu re  

I s o m e r i z a t i o n  during o1efi.n p r e p a r a t i o n  by d e h y d r a t i v o  r e a c t i o n s  i s  lae l l  

known. Lisinger ( 1 0 )  found double  bond isomeriz6.bion a l l  a l o n g  t h e  ca rbon  c h a i n  

isomers  were dodecene-1  and 2 ; however, when a c i d i c  i m p i m i t i e s  wsre  p r o j e n t ,  

more o r  l e s s ,  equimc a r  q u e n t i t i e s  of a l l  t h e  isomc.rs wore found.  I s o n  , r i z a -  

t i o n  was found at tern-peratures 8 s  low a s  2 5 0 ' ~ )  even though t h o  d r h y d r a t i o n  

r c a o t i o n  was incomu1wt;e a t  t b i s  ternperclture. Tho niechanisn proposed wrls  btised 

upon r e a d d i t i o n ,  fo l lowed by s p l i t t i n g  o f f ,  of  water .  i i c i d i c  i m p u r i t i e s  appar -  

m t l y  accolera-c ,  t h e  r e a d d i t i o n  of wa te r .  ktr t ignon d t .  a l .  (11)  o b t a i n e d  15% 

butene-2 when d s h y d r h t i n g  n-butanol  w i t h  pure a1203 and 90% butene-2 when using 

impure a1203. The is7mers  were de cermined by bromirla t i o n  jnd f r a c t i  onciting of 

t h e  d i b r o n i d e s  Fin, ,  (12'1 o b t a i n e d  100% butene-1  w , rh  p u r s  A1203 and 99.674 

12. H. P i n e s ,  3 .  w.. <hem. Soc. -. 55, 3892 (1933) .  



butene-1 w i t h  commercih 1 A1203 i n  t h e  dehydra t ion  of n-butanol. E is  products  

were analyzed by low temperature d i s t i l l a t i o n .  Pines be l i aves  t h e  r a s u l t s  of 

Ivlatignon e t .  a l .  d i sagroe  wi th  h i s  own because i somer izh t ion  of t h e  dibromides 

occurred dur ing  t h s i r  d i s t i l l a t i o n ,  I n  t h a  present  s tudy i somer i za t ion  of 

propene dur ing  dehydrht ive p repa rh t ion  over  A1203 appeared t o  occur q u i t e  r e a d i l y ,  

Ti is  ease  of i somx- iza t ion  may be due t o  t h e  symmetrical s t r u c t u r e  of propene. 

The p r s p a r a t i o n  of o l e f i n s  by dehydra t ion  of a l coho l s  with me taphosnhori c  

a c i d  a l s o  gave r i s a  t o  gene ra l  i somer iza t ion  of  t h e  doubl3 bond a long  t h e  chbin 

i n  t h2  case  of dodecene (10) .  Morgan and Ejckinbottom (13) obta ined  only 

butene-2 from n-butanol. I n  t h e  e x ~ e r i m e n t s  repor ted  he re  complete e q u i l i b r a -  

t i o n  of propcne isomers was found. 

P y r o l y s i s  of n-propyltrimethylammonium hydroxide gave e s s e n t i a l l y  pure 

l - ~ ~ ~ - p ~ + o ~ e n e - l  i n  90% y i e l d .  ti s i d e  r e h c t i o n  o f  t h i s  p y r a l y s i s  r e s u l t s  i n  

t h e  formation of methanol and a mixed t e r t i a r y  aminer von Braun (14)  found 

S ~ 1 0 $  methanol while :ianharJ; and Ingold (15)  and Ingold and Vass (16)  ob ta ined  

n 
16-19% m e t h a n ~ l  on p,~l.olysis of t he  above quaterncry base. lhe  y i e l d  o..' pro- 

pene i n  t h e  p r j s e n t  esperiment  F a l l s  betwesn t h ~ s e  two s e t s  of r s s u l  s >  This 

procedure appears  t o  be a  good, gene ra l ,  p r epa ra t ive  method s i n c e  th ,  y l e l d s  

of o l s f i n s  a l though f a l l i n g  cff with h ighe r  o l ? f i n s ,  does .lot drop bclow 70% 

even i n  t h e  cns :  of octene (16) .  

- . -. ---- -.-". - -A --- - - ---- 

13. G. T. Korg 7 a r  . 5 'iickj (bot tom, J .  ::.> ,In. LO~., Tr~tns . ,  73,  97 (1923). - 
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16. C. K. Ingold acd C. C .  8 .  pass ,  J .  Cherr,. Zoc., 3125 (1928). 



Summa r y .  

l - ~ ~ ~ - l p r o ~ e n e - l  has bben prupared.  ?I-6 m i g r a t i o n  of t h e  double  bond 

undcr a v a r i  f t ty  of  e x p e r i m m t a l  c o n d i t i o n s  i n  t h e  p r - p a r a t i o n  of propene has 

been i n v e s t i g a t e d .  l h e  mechanism of t h e  permanganate o x i d a t i o n  o f  -tihe l a b e l l e d  

propene has been  examined. I t  has  been found t o  proceed by s e v e r a l  p a t h s  t h e  

r e l ~ t i v e  i v p o r t a n c e  of which depends upon t h e  exper imenta l  c o n d i t i o n s ,  e s p c c i t i l l y  

t h e  pH. 

Th i s  paper is based on work performed under Contract  lqumber '1-7405-eng-48 

with  t h e  Atomic Shergy Comniission i n  connect ion with the  Radixtion Laboratory 

of t h e  Unive r s i ty  of Ca l i fo rn ia ,  Berkeley, Ca l i fo rn ia .  




