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SUMMARY 

The introduction of several 13C-atoms in the alkane chain is 
described. 
labels, are obtained with a minimum of different reactions. 

A moxinun number of compounds, with up to six I 3 C  

InTTRODIJCTION 

For a mass-spectroscopic s tudy we needed l a b e l l e d  1-heptyl- and 1-nonyl 

iod ides ,  1-heptene and 1-nonene. The seven-membered chain w a s  t o  be l a h e l l e d  

i n  t h e  1,2,3-posi t ions and t h e  nine-membered chain i n  t h e  4,5,h-posi t ions with 

one, two o r  t h r e e  l3C-atoms. I n  order  t o  s impl i fy  t h e  c a l c u l a t i o n s ,  t h e  same 

batch of Ba l 3 C O  had t o  be used with an enrichment of t h e  13C over 90%. 0 .5  m 

mol was considered s u f f i c i e n t  y i e l d  f o r  t h e  f i n a l  products .  Using only c l a s s i -  

c a l  r e a c t i o n s ,  we t r i e d  t o  obta in  a maximum of d i f f e r e n t  l a b e l l e d  products  

with a minimum of d i f f e r e n t  s t e p s  compatible wi.th small q u a n t i t i e s .  We decided 

t o  prepare t h e  alkyl.-iodides, a lkanes and alkenes from t h e  corresponding hro- 

mides obtained from t h e i r  a lconols .  A l l  t h e  f i n a l  products  were p u r i f i e d  by 

gas chromatography. This technique vas  also used t o  i s o l a t e  t h e  n-alkanes with 

10 t o  14 carbon atoms t h a t  were side-products of t h e  syntheses .  The y i e l d s  

given a r e  average values  f o r  p u r i f i e d  in te rmedia te  products ,  such t h a t  t h e  

m u l t i p l i c a t i o n  of t h e  y i e l d s  g ives  t h e  o v e r a l l  y i e l d  for t h e  f i n a l  product 

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

3 

2 .  Sy,itneses 

The r e a c t i o n  schemes a r e  given i n  F ig .  1 and 2.  We used chain-prolongation 

by e i t h e r  one or two carbon atoms at t h e  time. Yost of  t h e  products  l a b e l l e d  

w i t h  one 13C-atom have a l ready  been prepared [ 11. 
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2 was 
The r e a c t i o n  of t h e  Cri.gnard compound o f  t h e  bromide w i t h  f r o z e n  CO 

u sed  t o  l eng then  t h e  cha in  e i t t e r  by one "C-atom 12 1 o r  by a 13C-atom from 

Ba CO {31 ( c t .  (1) of F ig .  2 ) ,  J n  t h e  f irst  c a s e  eouimolar  amounts w?re t a -  

ken producing a y i e l d  of 75% f o r  1-bromopentane, 70% f o r  1-bromohexane, 60% 

f o r  1-bromoheptane and 55% for 1-bromooct,ane. I n  t h e  l a t t e r  ca se  an  excess  of 

30% u n l a b e l l e d  bromide w a s  u s e i  and a y i e l d  o f  90% f o r  t h e  c a r b o x y l i c  a c i d  was 

ob ta ined .  

1 3  
3 

From th.e n e u t r a l  f r a c t i o n  t h e  co r re spond in& b i a l k a n e s  were i s o l a t e d  by gas  

chromatography ( d o t t e d  l i n e s  i n  F i g .  1 and 2 ) .  The c a r b o x y l i c  a c i d s  were re-  

duced t o  a l c o h o l s  w i th  LiAIHL i n  d i e t h y l e t h e r  w i t h  05% y i e l d s  (I&). 

Chain l eng then ing  by two ( u n l a b e l l e d )  carbon atoms was oh ta ined  from t h e  

r e a c t i o n  o f  t h e  Gr igca rd  compound o f  +he bromides w i t h  e t h y l e n e  ox ide  i n  

excess  (Ref .  ( 2 )  o f  F ig .  2 )  (51. The y i e l d  dropped w i t h .  i n c r e a s i n g  length from 

70% w i t h  bromopentane as s t a r t i n g  m a t e r i a l  t o  55% f o r  t h e  1-nonylalcohols  from 

1-bromoheptane. The co r re spond ing  b i a l k a n e s  cou ld  aga in  b e  i s o l a t e d .  Thp a l c o -  

h o l s  were conve r t ed  t o  t h e  b ron ides  w i t h  P B r  w i t h  a y i e l d  of 80% [ A } .  
3 

S t a r t i n g  fron: t h e  bromides,  t h e  i o d i d r s ,  a l k a n e s  and a l k e n e s  were oh ta ined  

( R e f . ( 3 )  of F ig .  2 ) .  T h z  iodoalLkanes were n h t a i n e d  w i t h  N a T  in a c e t o n e .  Tbe 

y i e l d  a f t e r  p u r i f i c a t i o n  by gas  chromatography was 653. The r e d u c t i o n  of t h e  

bromides wi th  Liri/Li!.lHq i n  TVF gave t h e  a l k a n e s  w i t h  70% yield a f t e r  gas  chro-  

matographic  p u r i f i c a t i o n  I 7 1  . The bromide was dehydrohalogenated with d icyc lo -  

h e x y l e t k . r l m i n e  t o  t h e  aYKen? v i t h  <?% y i e l d  a f t e r  pas chromatographic  p u r i -  

f i c a t i o n  r8!. 

3. Sxpe r imen ta l  

3.1. Ca rbocyc l i c  a c i d .  - 1-BroToalkcne ( 2 4  m m o l )  l a h e l l c d  wi th  "C and 'fig-cbins 

( 2 6  m nol) i n  e t h e r  ( h n  ml) gave the Crign%rd compound, rrh;ch, a f t e r  d i -  

lut iorn w i t h  etbeer (40 m l )  was conn-d:?? s - i t h .  a ?07-een?rat ,or (24 m mol 

Ba C O  

Y2, evacua ted ,  t h e  CO 

-20' and tbe magnesium salt decomposed 

l i c  acid was i s o l a t e d  as  a Na-qalt with a y i e l d  o f  55-755. 

w i t h  50 ml Ii FO,+ c o n c . ) .  The r ? su l t i . ng  s o l u t i o n  k ' a s  f r o z e n  i n  li@.. 3 ? 
condensed on t o  t h e  s o l u t i o n ,  l e f t  t o  r e a c t  at 

2 
wit '- '  2n m-1 ( 3 ~  m l ) ,  !'he z a r m x y -  

3.2.  Alcohols  from a c i d .  S a r h o x y l i c  a c i d  (2" !n moll l a h p l l e d  w i t h  l3C wa.5 d i s -  

so lved  i n  ether (3f' m l )  and added iropwisc t c  a susG:ension of L;kl'i  

(22.5 m m o l )  i n  e t h ? r  (2Q ml) ,;ittiin 15 min. a n d  t k ? n  r r f luxed  f o r  2.5 h. 
h 



N-Alkane Derivatives Labelled with Several I3C  41 

A f t e r  coo l ing  t o  O0, wate r  was added until no f u r t h e r  Y - evoluement could 

b e  observed.  Y SO4 ( 3 0  m l ,  2n) added,  w e l l  s t i r r e d .  t h e  o r g a n i c  phase se-  

p a r a t e d ,  washed w i t h  V a O Y  ( 2 n ) ,  w i t h  wa te r  and dri .ed wi th  MgS04. The y i e l d  

a f t e r  f i l t r a t i o n  and evapora t ion  of t h e  e t h e r  was 95%. 

2 

2 

3.3.  Chain l eng then ing  w i t h  e t i i y l ene  ox ide .  Alkylhromide (15 m m o l )  and 

Yg-chips (16 ?1 mol) i n  e t h e r  (1Q n1) gave t h e  Grignard compound. The so- 

l u t i o n  was coo led  t o  0' and du r ing  4 h ;  e t h y l e n e  oxide ( 6 0  m mol)  was d i s -  

so lved  from t h e  gas  phase wh i l e  s t j r r i n g .  CIther methods of a d d i t i o n  of 

e t h y l e n e  ox ide  gave s m a l l e r  y i e l d s .  The r e s u l t j n g  g e l  w a s  t h e n  warmed, 

benzene ( 1 0  ml) added and approx. 8 ml e t h e r  ( w i t h  small amounts of e t k J -  

l e n e  o x i d e )  d i s t i l l e d  off. Cooling t o  0 +5, 1 m l  water  vas added and 

the s o l u t i o n  we l l  stirred. The solution w a s  d r i e d  wi th  ""gPO4, f j l t e r e d  

through a g l a s s - s i n t e r e d  di.sh and t h e  r e s i d u e  washed ci<.t+. henzene.  F t h e r  

and benzene were d i s t i l l e d  o f f  t h e  s o l u t i o n  and t h e  r e s t  d j s t j l l e d  at 

15 T o r r  i n  a h i g h - e f f i c i e n c y  column. Yie ld  a f t e r  d i s t i l l a t i o n  : 5 1  + 70%'. 

3 . 4 .  1-bromoaikane. To l a b e l l e d  a l c o h o l  (15 m mol), cooled t o  no, PSr? ( i q  m 

mol) w a s  added wi th  s t i r r i n g  and hea ted  du r ing  2.5 h to 1 F - 1 4 q o .  The 

orange co lou red  emulsion was coo led ,  ei,her (ln ml) a.dded and the s o l u t i o n  

f i l t e r e d .  ?Ja:iCO ( 4 0  m m o l )  was added t o  t h e  c l e a r  s o l u t i o n  and t h e n  

wa te r  was added wh i l e  c o o l i n g  u n t i l  t h e  3 i c a r b o n a t e  was d i s s o l v e d .  . 4 f t e r  

s e p a r a t i o n  of t h e  o rgan ic  phase ,  d ry ing  wi th  P'ggSO,,, f i l t r a t i o n ,  evapora- 

t i o n  o f  t h e  e t h e r  and d i s t i l l a t i o n ,  t h e  y i e l d  w a s  80%. 

3 

1 . 5 .  1-iodoalkane.  Labe l l ed  hromoalkane (0.5 m m o l ) ,  NaT (1.5 m mol) and ace- 

t o n e  a h s .  (1 ml) were l e f t  r e a c t  du r ing  5 h i n  t h e  dark., i n  a c losed  

f l a s k  and t h e n  d i s t i l l e d  i n  a c losed  and evacuated system. Acetone w a s  

evapora t ed  from the d i s t i l l a t e  a t  room t empera tu re  and 15 Torr. The 1QOt 

y'eld a f t e r  t h e  r e a c t i o n  dropped t o  65? a f t e r  gas  chromatographic  o u r i -  

f i c a t  i o n .  

3.6,. Mkane .  L1H (1.5 m m o l )  and L i a l I ' , ,  (1.7 m mol) were added t o  t e t r a h y d r o -  

i'urane (TFIF) (0.5 ml). 1-bromoalkane ( 0 . 5  m mol) i n  TYF abs. ('3.5 ml.) was 

added and t h e  sol .ut ion r e f l u x e d  f o r  20 h. TYF and a l k a n e  were d i s t i l l e d  

o f f  i n  a c l o s e d  and evacuated system and t h e  a lkane  s e p a r a t e d  3y gas chro- 

matography w i t h  a 7C$ y i e l d .  

3 .7 .  P-lkene. A 25 cm long  Pyrex-tuhe of '7 m o u t e r  and 5 mm i n n e r  d i ame te r  

was s e a l e d  a t  one end and hen t  t o  form a V. 1-9romoalkane (1.5 m mol) 
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and dicyclohexylethylamine (2 .25  m mol) were added and t h e  o t h e r  end of  

t h e  tube  a l s o  closed.  'the end of t h e  i n v e r t e d  t u b e  wi th  a l l  t h e  suhstan- 

ces  was heated t o  205 f o r  5 h ,  whi le  t h e  o ther  end w a s  cooled with wa- 

t e r  and at t h e  end of' t h e  r e a c t i o n  b r i e f l y  with l i q .  3 

l e c t  a l l  t h e  o l e f i n .  The y i e l d  a f t e r  gas chromatographic s e p a r a t i o n  w a s  

50%. 

n 

i n  order  t o  col- 
2 
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