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SYNTHESIS O F  14C-LAf3ELLED ISOTOPE-ISOMERIC ALKANES. I 
n-HEPTANE-1-l4C AND -Z-14C 

Ioaria Ballv. ?h,qen.i.a G h d .  Eliskbeta Ciornci, Waria B i l t z  and 
A.T. Haleban 
I n s t i t u t e  of  Atomic Physics. F.O. Box 75. Bucharest. Romania. 
!eceiveil on September 1 4 ,  1974. 

SUMMARY 

The synthesis of n-hep tm~- l - '~C  i s  described* starting from I4CH3I 
14 v ia  ("CH31 2Cd and capiaoyl chloride; f o r  obtaining n-heptanc-2- C, 

n-panty1 brorn?:de i s  converted i n t o  the Grignard reagent, carbonnted 
wi th  14C02, and the resulted conroic acid i s  converted into i t s  chlo- 
ride and treated v i t h  dimethyloadmiwn. 
n-heptan-2-one i s  f i n a l l y  reduced t o  labelled n-heptane by the 
Kishnsr- Wo Iff method. 

In  both cases the labelled 

There  are t o u r  p o s s i b l e  s i n g l y  C - l a b e l l e d  i s o t o p e - i s o m e r i c  

11p2) 11-heptanes, w i t h  t h e  l a b e l  i n  p o s i t i o n s  1, 2 ,  3 ,  o r  4 -  we 

pronosed t o  s y n t h e s i  ze t h e s e  carbon- labe l led  I sotope-I  s o m e r i c  

n-heptanes.  In t h e  preser i t  p a p r  we r e p o r t  t h e  p r e p e r s t i o n  of 

n-heptane-1- C end -2- C .  1 4  1 4  

p i n e s  and C h e n  (') d e s c r i b e u  t h e  p r e p e m t i o n  of n-fieptene- 

I: r rom n-hexylrnagIiebiuni bromide tmd 14C02, fo l lowed by reduc-  1 4  -1- 

t i o n  of tne  r e s u l t e d  oenaot ic ac1d-l-l4C w i t h  1 7  thlum aluminiiun 

i iycr ide  t o  n - h e p t w ~ o l - l - ~ ~ C  

c a t a l y t i c  hycro+enat ion  a t  150' and 1 G C  ata. 

'The l a s t  s t & g b s  were dehgcrtit i o n  and 
( 4 )  

1~11tche11 and HolLer urepared  n - h e p t a r ~ e - l - ~ ~ C  s i l u i 1 : c l y  u p  

t o  t h e  & l c a h o l  s t a g e ,  t h e n  rekiiaed t h e  t o s y l  e s t e r  w i t h  L i a l H 4  

obt&inine some t o l u e n e  as inacti \re by-proauct  (probably  f rom unre-  

6cted t o s y l  c h l o r i d e )  which had t o  b e  removed by s i l i c a  g e l  ad- 

s o r p t i o n .  ( > >  

Tne f i r s t  1 sotope-isorrier of ri-he,tane r e p o r t t d  i n  t h e  

l i t e r a t u r e  ' ') 1s n - h e ~ t a n e - 4 - ~ ~ C  

@ 1975 kiy John WiZey S Sons, L t d .  

McMaiiori r e a c t e o  n-propylmbgne- 
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In o u r  ciioice of ..j'nttlt t i c  a1 ,,roacl,es t o  i s o  lo*Je- isomrric  

a1,;nnes w t  conbic!er 'e~ t h e  i o l lowin ,  r e q u i r e m e n t s  . 
-to b t a r t  from u . - u a l ,  slmkle conpoui~os  ; 

- t o  i n t r o c u c e  the lkbel i n  t h e  l p t r s t  p o s s i b l e  Ltep  ; 

- t o  h v o i ~  8 s  f 21' i s  p o s s i b l e  ol i I t l o r i s  '-t riigh 91 ebbureb or 

ternpere t u r e  s ; 

- t o  d e v i s e  nppr.oacries v r i l c t i  ~ L J  y l t l ~  !tore t.,:a one isLto, ,e-  

-isori,er , if 6 i f l  r r e r i t  s t i i r t i r i ,  . : i & t e r i t l s  a r e  eruplojen. 

I n  t h e  end ,  a .brocPciire vvti5 L e l t c t e d  which may y i e l c  t o t h  

r ~ - h e p t a n e - l - ~ ~ C  and  -7-14C 

.rocedure c o n s i s t s  i n  t h e  r e  a c t i o n  uf '  c a g r o y l  c!iloric,e w i t t i  d ime-  

t t iy lc icn ium,  folloivea t y  & r.lstiner-woltl' r e d u c t i o n  of t h e  r c s u l -  

t e a  2-heptanone. hccordin,  t o  wiletrier ( 1 )  the clmeti.ylc::t ~ i i u m  or 

(11) t h e  c a p o y l  c t i l o r i c e  i s  l u b e l l c c ,  t n i s  proceLure h l i o r c s  

2-heptarione and n-heptane Ldi)el leL in l ~ o b l t i o n s  i c~nd  2, r e s p e c  ti- 

cebc r  i b c c  i n  t h e  p r  

I\i2H4 
> n-C5Hl l - l4CH2-Ct i  7 

The use  of ortanocadrniuin r e a g e n t s  f o r  the  p r e p b r b t i o n  

of labelled ketones  w a s  f i r s t  r e p o r t e d  i n  1 3 5 O , ( ' )  aria a p p l i e d  t o  
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a v a r i e t y  o f  a romat ic  (lo) o r  a l i p h a t i c  k e t o n e s  (11) i n  1961-1962. 

T h i s  approach  t o  l a b e l l e d  a l k a n e s  h a s  n o t  been r e p o r t e d  i n  t h e  

l i t e r a t u r e ,  a8 f a r  a s  we a r e  aware. 

Fo r  t h e  r e d u c t i o n  o f  2-heptanone t o  n-heptane,  t h e  Clem- 

mensen r e d u c t i o n  ( 1 2 )  was also t e s t e d ,  b u t  gave l e s s  s a t i s f a c t o r y  

r e s u l t s  i n  comparison w i t h  t h e  Kishner-Wolff method. (13)  The t ime 

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

e s t a b l i s h e d  by f o l l o w i n g  t h e  c o u r s e  o f  t h e  r e d u c t i o n  of' u n l a b e l l e d  

2-heptanone through i n f r a r e d  s p e c t r o s c o p y  ( d i s a p p e a r a n c e  of t h e  CO 

s t r e t c h i n g  band around 1700 cm''). 

The chemica l  p u r i t y  of  i n t e r m e d i a t e  and f i n a l  compounds 

was ch@cked by f r a c t i o n a l  d i s t i l l a t i o n ,  i n f r a r e d  s p e c t r o s c o p y ,  and 

r e f r a c t i v e  index .  The n-heptane was a l s o  c o n t r o l i e d  by vapour  

phase  chromatography,  and found t o  have a chemice l  p u r i t y  of 97 I* 

F o r  our  purposes  t h e  n e c e s s a r y  s p e c i f i c  a c t i v i t y  was 

r e l a t i v e l y  low. I n  p r e p a r a t i o n s  i n v o l v i n g  a few grams o f  m a t e r i a l ,  

t h e  o v e r a l l  chemica l  and rad iochemica l  y i e l d s  f o r  n - h e p t ~ ~ e - l - ~ ~ C  

were 40-45 Z .  T r i a l  exper iments  w i t h  l a r g e r  amounts gave y i e l d s  

above 50 I. The t o t a l  y i e l d s  f o r  n -he~tane-2- '~C a r e  lower ,  

because  t h e  y i e l d  i n  c a p r o y l  c h l ~ r i G e - l - ~ ~ C  f rou  1 4 C 0 2  is 5 5  B i n  

s m a l l - s c a l e  p r e p a r a t i o n s ,  l e a d i n g  t o  an o v e r a l l  y i e l d  of about  25 

p e r  c e n t .  

LXPEHlMEMTAL PART 

Reagents  

Carbon d i o ~ i d e - ~ ~ C  was o b t a i n e d  from barium ~ o r b o n e t e - ~ ~ C  

and phosphor ic  a c i d  i n  a vacuum l i n e . ( 1 4 )  

Methyl iodide-14C was p u r i f i e d  by s h a k i n g  w i t h  mercury 

till it became c o l o u r l e s s ,  f o l l o w e d  by d i s t i l l a t i o n  on t h e  vbcuum 

l i n e .  

Cadmium c h l o r i d e  was Cr ied  a t  110' t o  c o n s t a n t  weight  and 

k e p t  i n  a d e s s i c a t o r  over  phosphoric  anhydr ide .  
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i a p r o y l  c h l o r i c e  was o b t e i n e o  iron c a p r o i c  a c i d  and 

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

f r s c t i o n e t e c  on s s m a l l  column, b. p .  151-157°/760 T o r r .  

benzene and e t h y l  g t h e r ,  th iophene-  and peroxicle-freed,  

wt re  Kept over ,  hnci d i s t i l l e d  f rom,  sodium w i r e .  

n-Pentyl  brorn1c.e was r e o r s t i l l e d  b e f o r e  use. 

ri-He ptsne-l-14C 

~ i m e t h y l ~ u d m i u m - ~ ~ C .  I n  a n  oven-cmiec three-necked f l a s k  

wi th  e f f i c i e n t  m o i s t u r e - p r o t e c t e e  r e f l u x  condenser ,  stirrer and 

c r o ? b i n g  f u n n e l ,  0,Ol g (0.074 gram-atoms) magnesium t u r n i n g s  and 

10 ml a b s o l u t e  e t h e r  were p laced .  The dropping  f u n n e l  c o n t a i n e d  

0.5 i n C i  of metJ lyl  i ~ d i d e - ' ~ C  d i lu tec i  w i t h  i n a c t i v e  methyl  i o d i d e  

t o  h t o t a l  of 4.8 g (74  m o l ,  14.7 p C i / r n m o l )  i n  15 ml d r y  e t h e r .  

I n e  r e a c t i o n  was s t a r t e u  w i t h  2 m l  of tliis s o l u t i o n ,  t h e  remainder  

of v u c h  was aaded s o  as  t o  m a i n t a i n  g e n t l e  r e f l u x i n g .  Then t h e  

ui ixture  was r e f l u x e d  uncer  s t i r r i n t ;  I ' o r  two a d d i t i o n a l  hours .  The 

s o l u t i o n  was c h i l l e i ;  i n  i c e ,  t n e  dropping  f u n n e l  was r e p l a c e d  by a 

rubber-connected f l a s k  c o n t a i n i n g  7.7 g (17.8mmol) d r y  cadmium 

c h l o r i a e .  T h i s  r e a g e n t  was acded w i t h  s t i r r i n g  and c o o l i n g  d u r i n g  

t e n  minutes  ; a f t e r  removal  o f  t h e  CdC12 f l a s k ,  t h e  m i x t u r e  was 

s t i r r e d  f o r  15 minutes ,  then  r e f l u x e d  f o r  3 h o u r s  w i t h  s t i r r i n g .  

L?-kIeptan~ne- l -~~C Most e t h e r  was removed by d i s t i l l a t i o n  

d i s c o n t i n u i n g  t h e  w a t e r  i n  t h e  r e f l u x  condenser ,  which was now 

used a s  a f r a c t i o n a t i n g  column, c o n n e c t i n g  i t  w i t h  a downward con- 

d e n s e r ,  and h e a t i n g  the  f l a s k  on a w a t e r  b a t h ,  Then 25 m l  d r y  

benzene was added,  and 10 ml were d i s t i l l e d  o f f  t o  remove t h e  

e t h e r .  The benzene s o l u t i o n  was cooled  t o  5' and a s o l u t i o n  of  4.6 

g c a p r o y l  c h l o r i d e  (34  mmol) i n  10 m l  benzene was added under  

s t i r r i n g  f rom the dropping  f u n n e l  d u r i n g  1 5  min. The m i x t u r e  was 

t h e n  s t i r r e d  f o r  7 h o u r s  a t  15O, t h e n  2 h o u r s  a t  room tempera ture .  

The m i x t u r e  was t h e n  hydro lyzed  w i t h  c r u s h e d  i c e  ard d i l .  sulphu-  
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r i c  a c i d .  The benzene l a y e r  was s e p a r a t e o ,  t h e  aqueous l a y e r  was 

e x t r a c t e d  t w i c e  w i t h  5 m l  benzene. The combined benzenic  s o l u t i o n s  

were washed s u c c e s s i v e l y  w i t h  w a t e r ,  aqueous sodium hydrogen c a r -  

b o n a t e ,  and s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n .  The benzenic  

s o l u t i o n  was d r i e d  over sodium s u l p h a t e  and d i s t i l l e d  a t  normal 

p r e s s u r e  w i t h  a small  column, x f t e r  t h e  benzene f o r e r u n ,  t h e  

2-heptanone-l-14C was c o l l e c t e d  a t  148-151°/ 750 Tor r .  Chemical 

y i e l d  : 2.6 g (27  mmol, 67 %). S p e c i f i c  a c t i v i t y  : 14 pCi/mmol. 

Hadiochemical y i e l d  : 64 %, 

n-Heptane-l-14C I n  a round-bottom f l a s k  w i t h  r e f l u x  con- 

d e n s e r  and thermometer r e a c h i n g  i n t o  t h e  l i q u i d ,  5 g sodium were 

d i s s o l v e d  comple te ly  i n  100 m l  d i e t h y l e n e  g l y c o l .  Then 2.5 g ( 72 

mmol) f rom t h e  above 2 - h e ~ t a n o n e - l - ~ ~ C  and 2 g h y d r a z i n e  h y 6 r a t e  

were added. The m i x t u r e  was r e f l u x e d  f o r  20 h o u r s  ( i n  t r i a l  expe- 

r i m e n t s  w i t h o u t  r a d i o a c t i v i t y ,  the c o u r s e  of r e d u c t i o n  had been 

checked by i n f r a r e d  s p e c t r o s c o p y  i n  o r d e r  t o  f i n d  o u t  when the 

r e o u c t i o n  was comple te ) .  A f t e r  d i l u t i o n  w i t h  400 m l  w a t e r ,  t h e  

m i x t u r e  was e x t r a c t e d  four t i m e s  w i t h  e t h e r .  The e t h e r e a l  e x t r a c t s  

were combined, d r i e d  over  magnesium e u l p h a t e  and f r a c t i o n a t e d ,  

a f f o r d i n g  1.4 g (14 mmol) n-heptane-l-14C, b. p. 95-98’/ 760 Torr .  

Chemical  y i e l d  : 63 %. S p e c i f i c  a c t i v i t y  ; 13.9 pCi/mmol. Radio- 

chemica l  y i e l d  : 62.5 %. By V. p. C .  the  n-heptane-l-14C had a 

p u r i t y  of 97-98 %, with  t r a c e s  of 2 - h e ~ t a n o n e - l - ~ ~ C ,  

Capro ic  a ~ i d - l - ~ ~ C .  In  a three-necked oven-dried 100 m l  

f l a s k  w i t h  e f f i c i en t  m o i s t u r e - p r o t e c t e c  r e f l u x  c o n d e n s e r ,  drop- 

p i n g  f u n n e l  and magnet ic  s t i r r e r ,  0.5 g (0.02 gram-atoms) of  

magnesium t u r n i n g e ,  5 m l  a b a o l u t e  e t h e r  and a small c r y s t a l  of 

i o d i n e  were p l a c e d ,  The dropping  f u n n e l  c o n t a i n e d  7 g (2 .5  m l ,  20 

mmol) n - p e n t y l  bromide i n  15  r g l  e t h e r .  About one f i f t h  of t h i s  

s o l u t i o n  was i n t r o d u c e d  i n t o  the f l a s k .  A f t e r  t h e  e t a r t  of the 
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r e a c t i o n ,  t he  remain ing  s o l u t i o n  was in t rvducec ;  dropwise s o  as  t o  

c a u s e  g e n t l e  r e f l u x i n g .  Then t h e  mixture  was r e f l u x e d  f o r  a n  

a d d i t i o n a l  hour ,  

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

and a t t a c h e d  t o  t h e  vacuum l i n e .  'The system w a s  t h e n  evacuated  t o  

lo-' Torr.  Then 1 4 C 0 2  f r o m  31.7 m g  Ba14C07 (3mCi) d i l u t e d  w i t h  

i n a c t i v e  BaCO3 t o  a t o t a l  weight  of 200 mg barium c a r b o n a t e ,  t h e  

gas b e i n g  a g a i n  f l u s h e d  w i t h  i n a c t i v e  carbon d i o x i d e  t o  a t o t a l  

amount of 20 m o l e s ,  i. e .  a s p e c i f i c  a c t i v i t y  of 150pCi/mmol, 

was i n t r o d u c e d  i n t o  t h e  f l a s k .  The t e m p e r a t u r e  w a s  r a i s e d  t o  -20' 

w i t h  the a i d  of a b a t h  w i t h  c a r b o n  t e t r a c h l o r i d e  and l i q u i d  n i t r o -  

gen. The c a r b o n a t i o n  lasted. 5 h o u r s  w i t h  s t i r r ing .  Then t h e  f l a s k  

was t a k e n  o f f  f rom t h e  vacuum l i n e  and t h e  m i x t u r e  w a s  hydro lyzed  

w i t h  i c e  and h y d r o c h l o r i c  a c i d ,  The s e p a r a t e d  aqueous l a y e r  was 

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 combined e t h e r e a l  e x t r a c t s  

were d r i e d  over  sodium s u l p h a t e ,  and the e t h e r  was evapora ted  

under  reduced  p r e s s u r e .  The remain ing  c a p r o i c  acid-l-14C was 

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

Caproyl  ~ h l o r i d e - l - ~ ~ C .  A n  e x c e s s  of  t h i o n y l  c h l o r i d e  was 

added t o  t h e  above a c i d ,  and the  m i x t u r e  was r e f l u x e d  g e n t l y  f o r  

t h r e e  hours .  Then the t h i o n y l  c h l o r i d e  was d i s t i l l e d  o f f ,  and 

t h e  l a b e l l e d  c a p r o y l  c h l o r i d e  was c o l l e c t e d  a t  151-153' i n  a 

m o i s t u r e - p r o t e c t e d  r e c e i v e r  f l a s k .  Chemical  y i e l d  : 1.5 g ,  56 % 

r e l a t i v e l y  t o  14C02 .  S p e c i f i c  a c t i v i t y  : 1 4 8  

mica1  y i e l d  : 55 %, 

pCi/mmol. Radioche- 

2 - H e ~ t a n o n e - 2 - ~ ~ C  and n-heptane-2-14C. The r e a c t i o n  of  

c a p r o y l  ~ h l o r i d e - l - ~ ~ C  w i t h  dimethylcadmium a f f o r d i n g  2-heptanone- 

- d 4 C  and t h e  subsequent  r e d u c t i o n  t o  n-heptane-2-14C were per -  

formed as d e s c r i b e d  above f o r  n-heptane-l-14C. The y i e l d s  i n  t h e  

v a r i o u s  s t a g e s  were s i m i l a r  t o  t h o s e  above ,  and th8 p u r i t y  c o n t r o l  

was performed a n a l o g o u s l y  w i t h  comparable  r e s u l t s .  
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A11 r a d i o a c t i v i t y  measurements were performed wi th  a 

Packard Tri-Carb l i q u i d  s c i n t i l l a t i o n  spectrometer model 7375. 
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