
M E C H A N I S M  OF T H E  D A K t N  - W E S T  R E A C T I O N  W I T H  

C A R B O X Y L I C  A C I D  C H L O R 2 D E S  

N. I .  A r o n o v a ,  N.  N, M a k h o v a ,  
a n d  S. I .  Z a v ' y a l o v  

UDC 541.124 + 547.297 

As is known [1-6], the D a M n - W e s t  react ion between ~ -N-acy lamino  acids (I) and anhydrides in the 
presence  of pyridine proceeds  by way of C-acylat ion of the intermediate  azlactones (tI) with part icipation of 
the dihydropyridine der ivat ives  (III) by the scheme:  
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This work es tabl ishes  that this mechanism is also retained upon substituting anhydrides by carboxylie 
acid chlorides.  As follows f rom PMR spect ra l  data (Figs. 1-3) the react ion of ~-N-benzoyla lanine  (VI) with 
CHaCOC1 in pyridine (~20~ leads to the format ion of 2-phenyl-4-methyloxazol in-5-one  (VII), which is sub- 
sequently t r ans fo rmed  into (III, R = R 2 = CH3, R I = C6H5) and (IV, R = R 2 = CH3, R 1 = C6H5). Upon r eac -  
tion of CH3COC1 or  CHaCOBr with ~ -N- fo rmyla lan ine  in pyridine (~20 ~ 2- [4- ( l -aee ty l - l ,4 -d ihydropyr id iny l  )]- 
3-oxazol in-5-one  [7] could be isolated, which was t r ans fo rmed  into the C-acylat ion product under the in- 
fluence of elevated t empera tu re  in pyridine. 
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Fig. 1. PMR spect rum of the react ion mixture 60 
rain af ter  addition of CHaCOC1 to CH3CH(NHCOC6Hs) 
�9 COOH (VI) in pyridine (~20~ Compound (VI): a) 
CH; b) CH a. 
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Fig.  2. PMR s p e c t r u m  of the r eac t i on  mix tu r e  18 min  a f t e r  addit ion of CHaCOC1 to (VII) in 
pyr id ine  (~20~ Compound (VII): a) CH; b) CH 3. 

Fig.  3. PMR s p e c t r u m  of the r eac t i on  mix tu r e  1.5 h a f t e r  addi t ion of CHaCOC1 to (VII) in 
pyr id ine  (~20~ 
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Fig.  4. PMR s p e c t r u m  of the r e a c t i o n  mix tu re  10 
rain a f t e r  addi t ion of CHa(CH2)~4COCI to  CHaCH(NHCO 
�9 C6Hs) COOCOCH 2 (CH2) 13CH3 (VIII) in pyr id ine  (~20~ 
Compound (VIII): a) CH; b) C H a - C H ;  c) CH2; d) (CH2)Ia; 
e) CH a. 

The pa r t i c ipa t ion  of (li) in the D a M n - W e s t  r eac t i on  with ac id  ch lo r ides  is a l so  c o n f i r m e d  by the 
abi l i ty  of (VII) to r e a c t  with CH3COC1 and CH3(CH2)14COC1 under  the usual  condi t ions  (Table 1, examples  11, 
13). * However ,  hydro ly t i c  c l eavage  of the i n t e r m e d i a t e s  (IV) is r e q u i r e d  to obtain (V) f r o m  (II), and this 
is a t ta ined  by heat ing with dilute HC1 o r  pas s ing  the r e a c t i o n  p roduc t  th rough  a co lumn containing AI203. 

Upon us ing (I) t h e m s e l v e s  in the D a k i n - W e s t  r eac t ion  this t r e a t m e n t  b e c o m e s  u n n e c e s s a r y ,  s ince  the 
ac id  R2COOH n e c e s s a r y  fo r  c l eavage  of (IV) is f o r m e d  as a r e su l t  of the cyc l i za t ion  (I) ~ (II). 
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Az lac ton i za t i on  of (I) ev ident ly  p r e c e d e s  ac t iva t ion  of the amide  funct ion by way of i ts  acyla t ion.  An 
a l t e rna t ive  acy la t ion  of  the ca rbony l  g roup  m u s t  be excluded in this  case ,  s ince  the mixed  anhydr ides  (VIII) 
and (IX) a r e  not cyc l i zed  into (VII) even upon heat ing (pyridine,  100 ~ 2 h); (VII) is f o r m e d  f r o m  (VIII) and 

*While  this work  was  being p r e p a r e d  a c o m m u n i c a t i o n  appea red  in the p r e s s  [8] in which the r eac t ion  of 
(VII) with RCOC1 was  a l so  desc r ibed .  The ace ty la t ion  of (VII) with aee ty l  ch lor ide  in low yie ld  was  indicated 
e a r l i e r  [9]. 
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Fig. 5. PMR spect rum of the react ion mixture 1 h 
a f te r  addition of CH3(CH2)14COCI to (VIII)in pyridine 
(~2oo). 
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Fig. 6. PIVIR spec t rum of the reaction mixture 30 h 
af ter  addition of CH3(CH2)14 COC1 to (VIII) in pyridine 
(,-,2oo). 

(IX) only upon thei r  react ion with acid chlorides,  probably with part icipation of t ransacyla t ion and cycl iza-  
tion react ions .  Subsequent t r ans format ion  of (VIII) into [(IV), R = CH3, R~ = C6H5, R 2 = (CH2)14CH3] upon 
react ion with CH3(CH2)14COC1 in pyridine (~20 ~ through intermediate stages of (VII) and [(III), R = CH 3, 
R 1 = C6H5, R 2 = (CH2)I4CH3] can be followed by PMR spect ra  (see Figs. 4-0). 

The acylating proper t ies  of acid chlorides and anhydrides in the D a k i n -  West reaction are  displayed 
to a different degree depending on the s t ruc ture  of reagents  and the experimental  conditions. As is seen 
f rom data of Table 1, acid chlorides,  as a rule, exceed anhydrides in yield of D a k i n - W e s t  reaction prod-  
ucts. An only exception is CH3COC1, which by virtue of its instability in pyridine [11] gives (V, R = R 2 
= CH 3, R 1 = C6H5) with (VI) and (VII) in much lower yield than (CH3CO)20 (see Table 1, examples 4, 5, 11, 
12). 

E X P E R I M E N T A L  

Dakin-West Reaction with N-Formyl-~-alanine. A mixture of 0.3 g of ~-N-formylalanine and 0.5 
ml of CH3COCI or CH3COBr in 5 ml of pyridine was heated for 1 h at 100 ~ and evaporated in vacuum to dry- 
ness; benzene extraction of the residue gave 0.3 g of oily 2-formamido-3-butanone. Hydrolysis of the latter 
with dilute HCI and subsequent treatment with KCNO as described earlier [9] yielded 0.21 g (73%) of 4,5- 
dimethylimidazolin-2-one having mp 310-313 ~ (dec.). Substitution of CH3COCI and CH3COBr by (CH3CO)20 
led to a sharp decrease in yield of 2-formamido-3-butanone (example 3). A mixture of 0.3 g of s-N-for- 
mylalanine and 0.45 ml of CH3COCI in 3 ml of pyridine was maintained at ~20 ~ for 15 h and then evaporated 
in vacuum to dryness~ Benzene extraction of the residue gave 0.37 g of an oil which was subjected to low- 
temperature crystallization from ether. We obtained 0.2 g of 2-[4-(1-acetyl-l,4-dihydropyridinyl)]-3-oxa- 
zolin-5-one [7], mp 89-93 ~ After recrystallization from isopropanol the melting point increased to 106- 
108~ Rf 0.66 (benzene-acetone, 1 : 1). Found: C 60.33; 60.35; H 5.76; 5.51; N 12.80; 12.74~. CIIHI2N203. 
Calculated: C 60.00; H 5.45; N 12.70% 

Heating it in pyridine (100 ~ I h) with subsequent hydrolysis with dilute HCI and treatment with KCNO 
yielded 4,5-dimethylimidazolin-2-one, yield 40%. 

* Obtained according to Steglich and }Iofle [10], oil, Rf 0.71 (here and further thin-layer chromatography 
was on silica gel HF254, benzene -ethyl acetate 5 : 1). 
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D a k i n - W e s t  Reaction with a-N-Benzoyta lanine .  A mixtui~e of 0.003 mote of a-N-benzoyla lanine  and 
0.009 mole of anhydride or  acid chloride in 5 ml of pyridine was heated for 1-1.5 h at ~i00 ~ then evaporat-  
ed in vacumn to dryness ,  and the residue was extracted with benzene. The benzene ext rac t  was t r ans fe r r ed  
to a column of AlzO 3 (act. IID and the D a k i n - W e s t  react ion products  were  eluted with benzene or  a mixture 
of benzene and ethyl acetate,  1 : 1 (examples 4-10). A mixture of 0.003 mole of a-N-benzoylManine and 
0.009 mole of anhydride or  acid chloride in 5 ml of pyridine was maintained for 15-20 h at ~20 ~ then 
evaporated in vacuum to dryness ;  the remaining C-aeylated aztactone was hydrolyzed by heating with a mix- 
ture  of 10 ml of dilute HC1, 1 : 1, and 5 ml of acetic acid, and the D a k i n - W e s t  react ion products were iso- 
lated as indicated above (examples 4-8, I0), Methods of identification and physicochemical constants of the 
Dakin-West reaction products are presented in [9]. 

The reaction of anhydrides or acid chlorides (0.003 mole) with 2-phenyl-4-methyloxazoline-5-one 
(VII) (0.002 mole) (examples 11-15) was carried out analogously, 

Reaction of Acid Chlorides with Mixed Anhydrides of c~-N-Benzoylalanine. To a suspension of 0,003 
mole of the Ag salt of a-N-benzoylalanine in 5 ml of pyridine was added 0.003 mole of the acid chloride; 
the mixture was stirred for 30 min at ~20 ~ then an additional 0.006 mole of acid chloride was added and 
further operations were carried out as described above (examples 16-18). 

PMR spectra were taken in pyridine on a DA-60-1 instrument. Assignment of proton signals was 
carried out on the basis of data of Steglich and H~ifle [6]. 

In conclusion we express our gratitude to E. P. Prokof'ev and V. A. Korenevskii for carrying out the 
spectral investigations~ 

C O N C L U S I O N S  

1. Acid chlor ides  enter  into the Dakin - W e s t  react ion with a -N-aey t amino  acids in a pyridine medium 
via intermediate  s tages  of formation of the azlactone and its C-acylation. 

2. Upon react ion with c~-N-acylamino acids in pyridine (~100 ~ 1-1.5 or  at ~20 ~ 20 h) acid chlorides 
give, as a rule, higher yields of D a k i n -  West react ion products than anhydrides.  
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