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ORGANIC PREPAFATIONS AND PROCEDURES INT. 10(2), 55-58 (1978) 

SYNTHESIS OF CHLOROALKANE-a,w- D I O I C  ACIDS 

T. Nakano, H. Arai ,  H. Matsumoto and Y .  Nagai* 

Department o f  Chemistry, Gunma Un ive rs i t y  

Kiryu,  Gunma, 376 JAPAN 

Chloroal kanedioic acids can r e a d i l y  be converted by dehydrochlorina- 

t i o n  t o  the corresponding a lkened io ic  acids which are o f  some b i o l o g i c a l  

importance.' We now r e p o r t  a convenient synthesis o f  some chlorodicarboxy- 

l i c  acids by the fo l l ow ing  scheme. 

R u C ~ ~ ( P P ~ ~ ) ~  
CH2=CR(CH2),COOR' + CC14 CC1 3CH2CC1 R( CH2),COOR' 

I I 1  
a) R=H, R'=Me, n=O 
b)  R=R'=Me, n=O 
c )  R=H, R'=Me, n = l  

d )  R=R'=H, n=8 

H20 , HOOCCH2CC1 R(CH2),COOH 

I 1 1  

Add i t ion  o f  carbon t e t r a c h l o r i d e  t o  unsaturated ac id  o r  es te rs  

2 catalyzed by dichlorotris(tripheny1phosphine)ruthenium gave (11) i n  

exce l l en t  y ie lds .  Hydrolysis o f  the te t rach lo ro  compounds (11) was c a r r i e d  

ou t  w i t h  fuming n i t r i c  ac id3y4 o r  f e r r i c  ~ h l o r i d e , ~  and y i e l d s  o f  the  

ch lo rod icarboxy l i c  acids were a lso  very sa t i s fac to ry .  

Recently, Rao and Nayak obtained 3-chlorododecanedioic ac id  by 

hydro lys is  o f  10,12,12,12-tetrachl orododecanoic a c i d  prepared by the  

benzoyl peroxide catalyzed add i t i on  o f  carbon t e t r a c h l o r i d e  t o  10-undece- 

no i c  ac id  i n  61% ove ra l l  y i e ld .3  The present method i n v o l v i n g  the  ruthenium 

(11) complex catalyzed add i t i on  o f  carbon t e t r a c h l o r i d e  and subsequent 

hydro lys is  o f  the adduct w i t h  fuming n i t r i c  ac id  i n  the presence o f  

phosphorus pentoxide af forded the same ac id  i n  92% ove ra l l  y i e l d .  
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NAKANO, ARAI, MATSUMOTO AND NAGAI 

EXPERIMENTAL 

M e l t i n g  p o i n t s  and b o i l i n g  p o i n t s  were unco r rec ted .  I R  s p e c t r a  were 

reco rded  on a H i t a c h i  Model EPI-G3 spect rophotometer .  NMR s p e c t r a  were 
ob ta ined  u s i n g  a Var ian  A-60D ins t rumen t .  GLPC analyses were performed 

w i t h  an Ohkura Model 802 gas chromatograph. A l l  s t a r t i n g  m a t e r i a l s  were 
purchased and d i s t i l l e d  b e f o r e  use. 

Methyl 2,4,4,4-tetrachlorobutanoate ( I I a ) . -  A m i x t u r e  o f  43.1 g (500 mmol) 

of methy l  a c r y l a t e ,  769 g ( 5  mol )  o f  carbon t e t r a c h l o r i d e  and 1.4 g 

(1.4 mnol) o f  dichlorotris(tripheny1phosphine)ruthenium was heated a t  

r e f l u x  f o r  13 hrs .  A f t e r  d i l u t i o n  o f  t h e  m i x t u r e  w i t h  n-hexane and removal 

of t h e  c a t a l y s t  by f i l t r a t i o n ,  vacuum d i s t i l l a t i o n  gave 79 g (66%) o f  

methyl 2,4,4,4-tetrachlorobutanoate(IIa) as a c o l o r l e s s  l i q u i d ,  

bp. 57-58"/2.5 mm, l i t .  111"/20 mm. I t s  NMR and I R  spec t ra  were i n  good 

agreement w i t h  those p r e v i o u s l y  repo r ted .  

Methyl 

(0.5 mo l )  o f  methyl m e t h a c r y l a t e  was mixed w i t h  769 g ( 5  mol )  o f  carbon 

t e t r a c h l o r i d e  and 1.44 g (1.5 mmol) o f  t h e  r u t h e n i u m ( I 1 )  complex and 

t h e  m i x t u r e  was heated a t  r e f l u x  f o r  5 hrs .  E s s e n t i a l l y  t h e  same work-up 

as above gave 99.4 g (78%) o f  t e t r a c h l o r o  compound(IIb), bp. 73-76'/3 mn, 
6 l it. 76-78"/2 mm, as a c o l o r l e s s  l i q u i d .  I t s  NMR and I R  s p e c t r a  were i n  

complete agreement w i t h  tnose p r e v i o u s l y  r e p o r t e d .  

Methyl 3,5,5,5-tetrachloropentanoate ( 1 1 ~ ) ~ -  A m i x t u r e  o f  16.5 g (165 mmol) 

o f  methy l  3-butenoate, 254.7 9 (1.66 mol)  o f  carbon t e t r a c h l o r i d e  and 1.4 g 

(1 .4 mmol) o f  t h e  ru then ium( I1 )  complex was r e f l u x e d  f o r  5 h rs .  Work-up 

gave 29.2 g (70%) o f  methy l  3,5,5,5-tetrachloropentanoate(IIc), 

6 

7 

2-methyl-2,4,4,4-tetrachlorobutanoate ( I I b ) . -  A sample o f  50.1 g 

7 

bp. 92-93"/2 m. 

'NMR(CC14): 6 2.93 (qu in. ,  2H, CH2C02Me), 6 3.33 (d, 2H, CH2CC13), - 
6 3.73 (s, 3H, C02Me), 6 4.63 (m, l H ,  -CHCl - )  

IR (nea t ) :  1749(C=O) and 790, 700 cm-l(C-Cl). 
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SYNTHESIS OF CHLOROALKANES-a,WDIOIC ACIDS 

Anal. Calcd f o r  CgHgC1402: c, 28.38; H, 3.18; c1, 55.84. 

Found: C, 28.62; H, 3.28; C1, 55.85. 

10,12,12,12-Tetrachlorododecanoic a c i d  ( I I d ) . -  I n  a 500 m l  three-necked 

round-bottomed f l a s k  equipped w i t h  a s t i r r e r  and a r e f l u x  condenser were 

placed 152 g (900 mnol) o f  carbon te t rach lo r i de ,  60 g (326 mnol) o f  

10-undecenoic ac id  and 0.63 g (0.6 mnol) o f  the ruthenium(I1) complex. 

The mix tu re  was re f l uxed  f o r  1 h r  w i t h  s t i r r i n g  and the course 

o f  the reac t i on  was monitored by GLPC ana lys is .  The r e s u l t a n t  m ix tu re  was 

d i l u t e d  w i t h  n-hexane and the p r e c i p i t a t e d  c a t a l y s t  was removed by f i l t r a -  

t i o n .  Evaporation o f  v o l a t i l e  mater ia ls  gave 110 g (100%) o f  10,12,12,12- 

tetrachlorododecanoic ac id ( I1d)  as a ye l l ow ish  l i q u i d  which was i d e n t i f i e d  

by comparing i t s  NMR and I R  data w i t h  repor ted  values. 

2-Chlorobutanedioic ac id  ( I I I a ) . -  A m ix tu re  o f  ( I I a )  (26.1 g, 109 mnol) and 

anhydrous f e r r i c  ch lo r i de  (3.5 g, 21 mmol) was s t i r r e d  a t  53' f o r  1.5 h rs  

and the r e s u l t i n g  mix tu re  was poured i n t o  ice-water. A f t e r  e the r  ex t rac t i on ,  

the  e x t r a c t  was washed w i t h  water and d r i e d  over anhydrous sodium su l fa te .  

Concentrat ion o f  the so lu t i on  resu l ted  i n  the  separat ion o f  crude s o l i d  

which was r e c r y s t a l l i z e d  from benzene t o  g i ve  9.1 g (69%) o f  wh i te  c rys ta l s ,  

mp. 148-149', l it. 150-152'. S t ruc ture  o f  the  product was f u r t h e r  confirmed 

by i t s  NMR and I R  spectra. 

2-Methyl-2-chlorobutanedioic ac id  ( I I I b ) . -  A mix tu re  o f  ( I I b )  (60 g, 236 

mmol) and anhydrous f e r r i c  ch lo r i de  ( 4  9, 25 mmol) was s t i r r e d  a t  room 

temperature f o r  2 hrs and the r e s u l t i n g  mix tu re  was poured i n t o  ice-water. 

A f t e r  e ther  ex t rac t ion ,  the e x t r a c t  was washed w i t h  water and d r i e d  over 

anhydrous sodium s u l f a t e .  D i s t i l l a t i o n  gave 36.3 g (92%) o f  ( I I I b ) .  

mp. 130-131.5", l i t .  130-131.5'. I t s  NMR and I R  spectra were i n  good agree- 

ment w i t h  those prev ious ly  reported. 

3-Chloropentane-1,5-dioic ac id  ( I I I c ) . -  ( I I c )  (10 g, 39 mmol) was added t o  

a mix tu re  o f  phosphorus pentoxide (1  g, 7 mmol) and 60 m l  o f  fuming n i t r i c  

3 

5 

5 

5 
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NAKANO, ARAI, MATSUMOTO AND NAGAI 

a c i d  (d: 1.52) a t  60" w i t h  s t i r r i n g  f o r  0.5 h r .  Then, t h e  m i x t u r e  was 

s t i r r e d  f o r  18  h r s  a t  75". The r e s u l t i n g  m i x t u r e  was poured i n t o  i c e - w a t e r  

ans e x t r a c t e d  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  was washed w i t h  wa te r  and 

d r i e d  w i t h  anhydrous sodium s u l f a t e .  Removal o f  t h e  s o l v e n t  a f f o r d e d  3.0 g 

(58%) o f  s o l i d  ( I I I c ) .  R e c r y s t a l l i z a t i o n  f rom g l a c i a l  a c e t i c  a c i d  gave 

a pure sample o f  ( I I I c ) ,  mp. 123-125". 

'NMR(d8-dioxane): 6 2.77 (d ,  4H, CH2C02H), 6 4.54 (4, l H ,  - C H C l - ) ,  
- 

6 6.83 ( s ,  2H, C02H). I R ( n e a t ) :  1730 and 1710 cm-l (C=O) .  

@. Calcd f o r  C5H7C10: C, 36.06; H, 4.24; C1, 21.3 

: C, 36.27; H, 4.17; C1, 21.8 

3-Chlorododecane-l,12-dioic a c i d  ( I I I d ) . -  I n  a 300 m l  round bottomed f l a s k  

were p laced  19.3 g (57 mmol) o f  ( I I d )  and 3 g (21 mnol) o f  phosphorus pent-  

oxide. Fuming n i t r i c  a c i d  (d :  1.52) 36 m l  was added i n  p o r t i o n  t o  t h e  

m i x t u r e  w i t h  s t i r r i n g  o v e r  a p e r i o d  o f  1 h r .  The s o l u t i o n  was then  heated 

t o  80" and a l lowed t o  s tand  f o r  an a d d i t i o n a l  2 hrs .  A f t e r  p o u r i n g  t h e  

m i x t u r e  i n t o  ice-water ,  p r e c i p i t a t e d  s o l i d  was c o l l e c t e d  by  f i l t r a t i o n .  

The y i e l d  a f t e r  r e c r y s t a l l i z a t i o n  f rom benzene was 15.3 g (92%), 

mp. 106-107", lit! 105-107". 
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