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FACILE SYNTHESIS OF [4-13C] BUTANOIC ACID AND [4-13C]BUTANOL 

R. van der Laan, M.J. Moolenaar and H. de Koning 
Laboratory o f  Organic Chemistry, University o f  Amsterdam, 

Nieuwe Achtergracht 129, 1018 WS Amsterdam, The Netherlands 

SUMMARY 

Alkylation o f  the dianion o f  3-(phenylsulfinyl)propanol with 

[ Cliodomethane and subsequent reductive fission of the sulfoxides 

gave [4-13C]butanol that was oxidized to give [4-13C]butanoic acid. 
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3-phenylsulf inyl [4-I3C] but an01 

INTRODUCTION 

Mechanistic mass spectrometric studies in o u r  laboratory (1-2) and 

elsewhere ( 3 )  with labelled butanoic acids focussed o u r  interest 

on the synthesis o f  terminally labelled alkanoic acids. In spite 

o f  extensive literature on the preparation o f  labelled alkanoic 

acids (4-11), none of the published methods mentions a short and 

convenient synthesis of such terminally labelled compounds. 

This communication describes a facile synthetic route to terminally 

labelled aliphatic alcohols and carboxylic acids proceeding via 

chain extension of w-hydroxy sulfoxides with labelled iodomethane. 

The common applicability o f  this method is demonstrated by the 

synthesis o f  [4-13C]butanoic acid. 

RESULTS AND DISCUSSION 

The synthesis of [4-13C]butanoic acid g is summarized in Scheme 1. 

Starting from commercially available ethyl 3-bromopropanoate 1 
3 - p h e n y l s u l f i n y l p r o p a n o l  5 was obtained in 5 7 %  overall yield. Prep- 

aration of the dilithio-anion o f  & with lithium diisopropylamide 

(12) and alkylation with 13CH31 gave the labelled alcohol ? a s  a 60/40 
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Scheme 1 

mixture o f  the diastereomeric racemates and, to o u r  surprise, the 

dialkylated product 6. 
In o u r  investigations on the substitution reaction o f  a-sulfinyl 

carbanions derived from 8-hydroxy sulfoxides with various electro- 

philes (13-14), mono-alkylated sulfoxides were exclusively obtained, 

but dialkylated products could never be isolated. Thus the form- 

ation o f  $ indicates the alkylation o f  the internal chelate o f  the 

dilithio derivative o f  the y-hydroxy sulfoxides experiences less 

steric hindrance than the alkylation o f  the more crowded dilithio 

derivatives of the B-hydroxy sulfoxides. 

Reduction o f  the phenylsulfinyl group with lithium in ethylamine 

afforded alcohol 7 that was oxidized with KMnO to give [4- C ] -  

butanoic acid S in high yield. The overall yield from the intro- 

duction of the label to the acid was 54%. Introduction of the 

label in a later stage of the reaction sequence is preferred to the 

known procedures for terminal labelling of aliphatic alcohols and 

13 
4 
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Scheme 2 

c a r b o x y l i c  a c i d s .  C o n s i d e r i n g  t h e  r e s u l t s  i n  t h e  a l k y l a t i o n  o f  

v a r i o u s  h y d r o x y  s u l f o x i d e s  ( 1 3 - 1 4 ) ,  t h e  s y n t h e t i c  s e q u e n c e  s h o u l d  

b e  s u i t a b l e  f o r  t h e  p r e p a r a t i o n  o f  o t h e r  [ ~ - ~ ~ C ] a l k a n o i c  a c i d s .  

D e t e c t i o n  o f  t h e  I 3 C - l a b e l  was p e r f o r m e d  w l t h  mass s p e c t r o m e t r y :  

t h e  f r a g m e n t a t i o n  p a t t e r n s  o f  5 w i t h  E l e c t r o n  I m p a c t  a n d  C h e m i c a l  

I o n i z a t i o n  t e c h n i q u e s  a r e  p r e s e n t e d  i n  S c h e m e s  2 a n d  3 ,  r e s p e c t -  

i v e l y  ( 1 5 ) .  

EXPERIMENTAL 

M a t e r i a l s :  [ C I I o d o m e t h a n e  ( 9 0  a t o m %  I 3 C )  was o b t a i n e d  f r o m  M e r c k ,  

S h a r p e  a n d  Dohme, M o n t r e a l ,  C a n a d a ; e t h y l  3 - b r o m o p r o p a n o a t e  f r o m  

A l d r i c h .  L i t h i u m  d i i s o p r o p y l a m i d e  (LDA) was p r e p a r e d  b y  d i s s o l v i n g  

d i i s o p r o p y l a m i n e  ( 2 1  m l )  i n  T H F  ( 2 9  m l ) ,  f o l l o w e d  b y  a d d i t i o n  o f  

n - b u t y l l i t h i u m  ( E l e r c k ,  1 0 0  m l  1 5 %  i n  h e x a n e )  u n d e r  c o o l i n g  i n  i c e .  

T h e  e x a c t  c o n c e n t r a t i o n  was d e t e r m i n e d  b y  t i t r a t i o n  w i t h  d i p h e n y l -  

a c e t i c  a c i d  ( 1 6 ) .  T h e  s o l u t i o n  u s u a l l y  c o n t a i n e d  0 , 8 5 - 0 , 9 5  mmol p e r  

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

1 3  

M e t h o d s :  Co lumn c h r o m a t o g r a p h y  was p e r f o r m e d  t h r o u g h  Merck  F e r t i g -  

s z u l e  ( S i l i c a g e l  6 0 ) ,  e l u t i o n  w i t h  p e t r o l e u m  e t h e r  6 0 / 8 0  a n d  e t h y l  
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CHEMICAL IONIZATION 

Scheme 3 

acetate (1:l). NMR spectra were recorded with Varian XL-100-15 and 

Bruker WM 250 spectrometers i n  CDC13 with tetramethylsilane as an 

internal standard. Mass spectra were taken with a Varian Mat 711 

Mass Spectrometer. Infrared spectra were measured with a Perkin 

Elmer Spectrophotometer, Model 2 9 8 .  

Ethyl 3-(pheny1thio)propanoate 2 

A solution o f  thiophenol (11.0 g, 0.1 mol) and triethylamine (11.1 g,  

0.11 m o l )  i n  ether (100 ml) was cooled in ice and then ethyl 3-bromo- 
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p r o p a n o a t e  ( 1 8 . 1  g ,  0 . 1  m o l )  i n  e t h e r  ( 2 5  m l )  was  a d d e d .  T h e  m i x t u r e  

was r e f l u x e d  f o r  2 h r  a n d  t h e  w h i t e  p r e c i p i t a t e  was f i l t e r e d  o f f .  

T h e  f i l t r a t e  was w a s h e d  w i t h  w a t e r ,  d r i e d  o v e r  MgS04 a n d  t h e  s o l v e n t  

e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  y i e l d e d  1 9 . 3  g ( 9 2 % )  

o f  2, c o l o u r l e s s  o i l ;  b p .  9 7 ' / 0 . 2  T o r r .  I R ( l i q . c a p . ) :  2 9 8 0 ,  1 7 3 0 ,  

1 5 8 0 ,  1 4 8 0 ,  1 2 4 0 ,  1 0 2 0 ,  7 4 0  a n d  6 9 0  cm- . ' H - N M R :  1 . 2 4  ( t ,  3 H ,  J = 7  Hz,  

CH2-CH3), 2 . 6 1  (t, 2H, J = 7  Hz ,  Ct12),  3 . 1 7  ( t .  2 H ,  J = 7  H z ,  CH2S) ,  4 . 1 4  

( 9 .  2 H ,  J = 7  H z ,  O C H 2 ) ,  7 . 1 - 7 . 6  (m, 5H, C6Hs).  

3 - ( P h e n y 1 t h i o ) p r o p a n o l  5 
A s o l u t i o n  o f  2 ( 1 8 . 9  g ,  0 . 0 9  m o l )  i n  THF ( 1 0 0  ml) was  c o o l e d  t o  

- 6 0 ° C  a n d  t h e n  a s u s p e n s i o n  o f  L i A l H 4  ( 1 . 9  g ,  0 . 0 5  m o l )  i n  THF 

( 1 0 0  m l )  w a s  a d d e d  s l o w l y .  D u r i n g  t h e  a d d i t i o n  t h e  t e m p e r a t u r e  o f  

t h e  m i x t u r e  was k e p t  b e l o w  - 4 0 ° C .  A f t e r  s t i r r i n g  o v e r n i g h t  a t  room 

t e m p e r a t u r e ,  t h e  m i x t u r e  was c o o l e d  i n  i c e ,  t h e n  water  ( 1 0  ml) was 

c a r e f u l l y  a d d e d ,  f o l l o w e d  b y  a n  a q u e o u s  s o l u t i o n  o f  NaOH ( 1 0  m l , 1 0 % )  

a n d  a g a i n  water  ( 3 0  m l ) .  T h e  p r e c i p i t a t e  was  f i l t e r e d  o f f  a n d  washed 

w i t h  e t h e r ,  t h e  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  MgSO 

Remova l  o f  t h e  s o l v e n t  a n d  d i s t i l l a t i o n  g a v e  1 0 . 8  g ( 7 1 % )  o f  3,  

c o l o u r l e s s  o i l ,  b p .  9 0 - 9 2 " / 0 . 0 6  T o r r .  ( L i t .  ( 1 7 )  1 3 0 ° / 2  T o r r . ) .  

I R ( l i q . c a p . ) :  3 3 4 0 ,  2 9 4 0 ,  

' H - N M R :  1 . 8 7  ( m ,  Z H ,  Ct12),  2 . 1  ( b r  s ,  OH), 3 . 0 3  ( t .  2H, J = 7  Hz,  Ck12S), 

3 . 7 4  ( t ,  2H, J = 7  Hz,  CH20H), 7 . 1 - 7 . 5  (m, SH, C6JI5). 

3-Phenylsulfinylpropanol - 4 

A s o l u t i o n  o f  5 ( 1 0 . 0 8  g ,  6 0  mmol) 

- 2 0 ° C  a n d  t h e n  m - c h l o r o p e r b e n z o i c  a c i d  ( 1 2 . 2  g 8 5 % ,  6 0  mmol) was 

a d d e d  i n  small  p o r t i o n s  u n d e r  v i g o r o u s  s t i r r i n g .  T h e  m i x t u r e  was 

s u b s e q u e n t l y  s t i r r e d  f o r  2 h r  a t  - 2 0 ° C  a n d  t h e n  f i l t e r e d .  T h e  

f i l t r a t e  was  w a s h e d  t h r e e  t i m e s  w i t h  5 %  NaHC03 a n d  d r i e d  o v e r  MgS04. 

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

y e l l o w  o i l .  Column c h r o m a t o g r a p h y  a f f o r d e d  9 . 6  g o f  p u r e  5 ( 8 7 % ) .  

1 

4 '  

1 5 8 0 ,  1 4 8 0 ,  1 0 5 0 ,  1 0 2 0 ,  7 4 0  a n d  6 9 0  c m - l .  

i n  C H Z C 1 2  ( 2 0 0  m l )  was  c o o l e d  t o  
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lR(liq.cap): 3380, 1580, 1480, 1440, 1020, 745 and 690 cm-'. 
i H-NMR: 1.98 (m, 2H, CH2), 3.02 (m, 2H, CH2SO), 3.76 (t, 2H, J=7 Hz, 

CH20H), 4.0 (br s, OH), 7.4-7.7 (m, 5H, C&); the NMR absorptions 

are not in agreement with those found in the literature (18). 

3-Phenylsulfinyl [4-13C]butanol - 5 

A solution of 5 (1.472 g, 8 mmol) in THF (75 ml) was cooled t o  -7OOC. 

LDA (17.6 mmol) in THF was added and the solution was stirred for 

15 min at -7OOC. [ Cllodomethane (1.136 g, 8 mmol) was added at 

once. After stirring for 6 h r  at -6OoC, the reaction mixture was 

poured out into satd. brine (100 ml) to which conc. H SO4 had been 

previously added. The water layer was extracted with ether (3x), 

the combined organic layers washed with brine containing a little 

Na2S203 and dried over MgS04. Removal of the solvent followed by 

column chromatography gave 1 .130  g (71%) of - 5, colourless oil, as a 

60/40 mixture of the RR/SS and the RS/SR racemates, (19) respective- 

ly, and 206 mg (12%) of - 6, colourless oil. 

'H-NMR RR/SS-5: 1.05 (dd, 3H, J=7 Hz and J 

(m, 2H, CH2), 3.0 (m, lH, CH), 3.8 (m, 3H, CH2O!), 7.4-7.7 (m, 5H, 

C6H5). 13C-NMR: 1 0 . 0  (C4), 33.4 ( C 2 ) ,  55.7 (d, C3), 58.5 (Cl), 124.4 

(Cm), 128.5 (Co), 130.4 (C ) ,  140.7 (Ci). 'H-NMR RS/SR-5: - 1.22 (dd, 
P 

3H, J=7 Hz and J =129 Hz, C€13), 1.8 (m, 2H, CH2), 2.8 (br s, OH), 

3.0 (m, lH, CH), 3.7 (m, 2H, CH20H), 7.4-7.8 (m, 5H, C6H5). 3C -NMR : 

13.2 (C4), 34.0 (C2), 57.7 (d, C3), 58.9 (Cl), 125.3 (Cm), 129.0 (Co), 

131.2 (C ) ,  141.4 (Ci). 

Hz, CH3), 1.27 (dd, 3H, JC_H=4 Hz, Jc-H=129 Hz, CH3), 1.85 (m, 

2H, CH2), 3.76 (t, 2H, CH20H), 4.0 (br s, OH), 7.4-7.8 (m, 5H, C6H5). 

13C-NMR: 2 0 . 6  and 21.7 ( 2  x 

126.9 (Cm), 128.5 (Co), 131.4 ( C  ) ,  138.6 (Ci). 

13 

2 

13 =130 Hz, CH3), 1.9 C-H - 

13 
C-H 

3 
'H-NMR - 6: 1.15 (dd, 3H, Jc-,,=4 Hz, Jc-H=129 P 

13 3 13 

13 CH3), 39.7 (C2), 57.9 (C,), 59.0 (C,), 

P 
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[4-13C]butanol 7 
A solution of 5 (1.10 g, 5.53 mmol) in ethylamine (200 ml) wascooled 

to -7O'C and reduced with lithium wire according to a literature 

procedure (20). Work-up gave 0.340 g (82%) of 7-. 

3H, Jc-H=131 Hz, 13CH3), 1.1-1.7 (m, 4H, CH2Cij2), 3.49 (t, 2H, J=7 

Hz, CK20), 4.1 (br s ,  OK). 

14-13C]butanoic acid S 

Labelled 1 (0.340 g, 4.53 mmol) was oxidized with KMn04 (1.47 g, 

9.3 mmol) in water ( 6  ml) via the method described by Saotome et 

al. (21). Work-up gave 0.383 g o f  8. 'H-NMR: 0.90 (dt, 3H, J=7 

Hz, Jc-H=131 Hz, CK3), 1.65 (m, 2H, CH2), 2.26 (t, J=7 Hz, CK2CO), 

11.92 ( s ,  COO!). 

'H-NMR: 0.90 (dm, 

13 
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