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The C-acylat ion of the azlactone (oxazolinone) ring lies at the base of a simple method for the syn- 
thesis  of o~-acylamino ketches (I) f rom a -amino  acids according to the scheme [1, 2] 
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The 4-subst i tuted derivat ives (KI) ~ l  = alkyl) a re  obtained in high yields by the direct  C-acylat ion of 
the azlactones (K) (Rl=alkyl) in pyridine [1, 2], or by the O--* C- isomer iza t ion  under the influence of the 
same base of the O-acylazlactones  (IV) (R 1 = alkyl), which are  formed f rom (K) and C1COR 2 in the presence  
of t r ie thylamine in te t rahydrofuran  [1]. The C-acylat ion of the 4-unsubstituted derivat ives (K) (R 1 = H) in 
either pyridine or fl-picoline proceeds  much more  poorly.  For  example, when 2 -pheny l -  5-oxazolinone 
(Ha) (R = C6H 5, R 1 = H) is reac ted  with C1CO(CH2)2COOCH 3 (V) in fl-picoline the corresponding C-acyl  der iv-  
ative (Ilia) (R = CGH 5, R 1 = H, R 2 = (Ctt2)2COOCI-I3) is isolated in a total yield of only 10% [3]. Data on the 
conditions for the O ~ C- i somer iza t ion  of (IV) (R 1 = H) are  absent in the l i tera ture .  

In order  to develop a method for the synthesis  of (KI) (R l = H) we f i rs t  made some unsuccessful  at-  
tempts  to accompl ish  the O -~ C- i somer iza t ion  of (IV) (R 1 = H) under the influence of pyridine bases .  We 
were able to obtain posit ive resul ts  only when BF 8 .e thera te  was used as a catalyst  for the O --* C- i somer i -  

zation of (IV) (R 1 = H). 

Employing this method, f rom (IVa) (R = Cr R l = H, R 2 = (CH2)2COOCH3), (iVb) (R = CsH 5, R 1 = H, 
R 2 = CH3), and (IVc) (R = CsHs, R 1 = H, R 2 = (CH2)t4CH3) we obtained in yields of 17-46% respect ively (Ilia), 
(KIb) (R = C6H5, R ~ = H, R 2 = CH3), and (KIc) (R = C6H5, R 1 -- H, R 2 = (CH2)14CH3), the s t ruc ture  of which 
was conf i rmed by the charac te r i s t i c  react ion for enol with FeC13, and also by the hydrolytic cleavage of 
(KIa) and (KIc) to (ia) (R = C6H 5, R 1 = H, R 2 = (CH2)2COOCH 3) and 6-aminolevulinie acid hydrochloride,  and 
(ic) (R = Cott 5, R 1 = H, R 2 = (CH2)14CH3). Acylazlactone (KIc) is also formed in 31% yield direct ly  f rom 
(Ha) by heating it with ClCO(CH2)I4CH~ (VI) and BF 3 �9 etherate in toluene. 

Compounds (KIa), (KIb), (KIc), and (Kid) (R = C6H 5, R 1 = H, R 2 = (CH2)2OC2Hs) were  isolated in higher 
yields (35-60%) by the direct  C-acylat ion of (Ka) employing (V), CH3COC1, (V'I), and C1COCH2CH2OC2H 5 in 
T-picol ine medium. The yields of (Ilia), (KIb), (iIIc), and (Kid) drop sharply (Table 1) when other picolines 
or pyridine itself a rc  used as bases .  

A smoother  course  for the C-acylat ion of (Ka) in T-picoline when compared  with other pieolines and 
pyridine is probably explained by the s ter ic  hindrance introduced by the methyl group for nucleophilic at-  
tack of the (Ka) anion on the T-ca rbon  atom of the acylpyridinium cation, with the formation of the secondary 

dihydropyridine derivative (VII) (R = H) 
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In the absence of s ter ic  hindrance for  nucleophilic attack of the Y- 
position of the pyridine ring, i . e . ,  when the o~- and/3-picolines or pyr i -  
dine a re  used as the bases,  it is possible for the dihydropyridine derive-  

t i re  to be formed, which is incapablc of convers ion to (III). Actually, soon after  mixing {IIa) and (V) in py-  
ridine, we detected the distinct resonance signals of the protons of (VII) (R = R 1 = H, R 2 = ( C H 2 ) 2 C O O C H 3 )  

[5 3.35 (R l = H); 4.50 (R = H), 4.78-ppm (/3 - H)]* in the react ion mass .  

We were unable to isolate (]IIa) f rom this react ion mixture even when the mixture was allowed to stand 
at ~20~ for many days or heated at 100~ for many hours .  The analogous dihydropyridine derivatives (VII) 
(R = CH3) a re  also formed by the aeylation of {l'I) (R 1 = CH3). However, being found in equilibrium with (II) 
(R 1 = CH3), they are  converted completely to (HI) {R 1 = CH3) during the react ion p rocess  [1]. 

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

Prepara t ion  o f O - A c y l - 5 - o x a z o l i n o n e s  (IVa-c). Using the method described in [1], the react ion of 
CH3COC1, (V), and WI) with (IIa) in te trahydrofuran,  in the presence  of tr iethylamine,  respect ively  gave as 
oils (IVb), Rf 0.77 (here and subsequently, th in- layer  chromatography oa SiO2HF254, b e n z e n e -  ethyl acetate,  
1: 1, detection of the spots either with iodine vapors  or in UV light); (IVa), Rf 0.71 (benzene-acetone,  1: 1). 
Infrared spectrum (CHCI3): 1670, 1740, 1830 em-i; (IVe), IR spectrum (CHCi3): 1670, 1760, 1790 cm -I. 
Compounds (IVa-e) give hippuric acid when heated with aqueous CH3COOH. 

Preparation of (HIb). To 0.92 g of (IVb) in 10 ml of absolute ether was added 1.2 ml of BF 3 "etherate, 
and the mixture was allowed to stand at N20~ for NI2 h. The mixture was then evaporated and the resi- 
due was treated with Na2CO 3 solution, filtered, the filtrate was acidified with eonc. HCI, and the obtained 
precipitate was washed with water and dried in the air. We obtained 0.42 g (46%) of (IIl'b) with mp 157-164~ 
which failed to depress the mixed melting point with an authentic sample [5]. With vigorous stirring, to a 
solution of 0.5 g of (Ha) in 5 ml of T-picoline at - 5 to 0~ was added 0.25 ml of CHaCOCI in 2 ml of benzene, 
after which the mixture was stirred for another 3 h, and then poured into a mixture of ice and dilute HCI 
solution. The obtained oil was extracted with CHC13, the chloroform extract was washed with Na2CO 3 solu- 
tion, the aqueous alkaline solution was acidified with cone. HCI, and the obtained precipitate was filtered, 
washed with water, and dried in the air. We obtained 0.27 g (41%) of (IIIb) with mp 180-183~ 

Preparation of (life). To 0.59 g of (iVa) in 10 ml of absolute benzene was added 0.8mlofBF 3 .etherate 
and the mixture was allowed to stand at ~20~ for 12 h, after which the mixture was refluxed for 3 h, evap- 
orated, the residue was treated with Na2CO 3 solution, filtered, the filtrate was acidified with cone. HC1, 
and the obtained precipitate was filtered, washed with water, and dried in the air. We obLained 0.1 g (17%) 
of (Ilia) with mp 168-171~ which failed to depress the mixed melting pOint with an authentic specimen 
[3]. 

With st irr ing,  to 40 ml of 7-p icol ine  at - 5  to 0~ was success ively  added 4.1 ml of (V) and 5.1 g of 
(IIa), af ter  which the mixture was allowed to stand at ~20~ for 2.5 h and then poured into a mixture of ice 
and cone. HC1. We obtained 6.1 g (70%) of (IHa) with mp 149-160~ After washing with acetonitr i le  we ob- 
tained 4.7 g (54% yield) of product with mp 170-179~ 

Prepara t ion  of (IIIc). To 0.6 g of (IVc) in 10 ml of absolute ether was added 0.4 ml of BF 3 �9 etherate,  
after  which the mixture was allowed to stand at N20~ for ~12 h, evaporated, 10 ml of anhydrous toluene 
was added to the residue, the mixture was refluxed for 5 h, again evaporated, and the residue was t rea ted  
with Na2CO 3 solution, and then acidified with cone. HC1. The obtained precipi tate  was dried in the air  and 
then recrys ta l l i zed  f rom n-hexane. We obtained 0.41 g (30%) of (IIIc) with mp 100-103~ which failed to 
depress  the mixed melting point with an authentic specimen [6]. 

�9 The NMR spect rum was taken on an R-12 instrument.  The assignment  of the signals of the protons was 
made on the basis  of the data given in [4]. 
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To 0.5 g of (Ha) in 5 ml of anhydrous toluene was added 0.8 ml of BF 3 �9 etherate, after  which the mix- 
ture was allowed to stand at ~20~ for 1 h, a mixture of 1 ml of (VI) and 0.4 ml of BF 3 �9 etherate in 5 ml of 
toluene, previously  held at 20~ for 1 h, was added, and the whole was refluxed for 10 h. After the above 
indicatedwork-u p we isolated 0.4 g (31~c) of (Hie) with mp 96-99~ 

With vigorous s t i r r ing,  to a solution of 3 g of (Ha) in 30 ml of T-picoline at - 5  to 0~ was added 6 ml 
of (VI) in drops, after  which the mixture was s t i r red  for another 6 h at 0~ and then poured into a mixture 
of ice and dilute HC1 solution. The obtained precipi ta te  was dried in the air  and then recrys ta l l i zed  from 
n-hexane.  We obtained 3.97 g (54%) of (Hie) with mp 100-103~ 

Prepara t ion  of (Hid). With vigorous s t i r r ing,  to a solution of 1.5 g of (Ha) in 10 ml of 7-picol ine  at 
- 5 to 0~ was added 1.5 ml of C1COCtt2CH2OC2H 5 [ppm 43-45~ (10 mm)] [7] in drops, after which the mix- 
ture  was s t i r red  for another 2.5 h at N0 ~ poured into a mixture of ice and dilute tIC] solution, the pr  ecipi tatewas 
t rea tedwith  Na2CO 3 solution, filtered, the f i l t rate  was acidified with dilute HC1 solution, andthe obtainedpowder 
was wash ed with water  and then dried in the a i t .  We obtained 0.85 g (35 %) of (Hid) with mp 118-121 ~ After a 
double reprec ip i ta t ionf rom sodium carbonate  solution with dilute HC1, mp I24-126~ (decompn.). Found: C 
64.54, 64.67; tt 5.49, 5.65%. C14Hl~NO 4. Calculated: C 64.45; H 5.45%. 

Hydrolytic Cleavage of (HIa). A mixture of 2 g of (Ilia) and 50 ml of water  was refluxed for 1 h, cooled, 
extracted with benzene, the benzene extract  was evaporated, and the residue was dissolved in ether and 
cooled to - 70~ The obtained c rys ta l s  were f i l tered and washed with chilled ether.  We obtained 0.82 g 
(46%) of (Ia) with mp 63-65~ Rf 0.57 (benzene-acetone,  2: 1). Inf rared spec t rum (KBr): 1630, 1730 cm -1 
Found: C 62.75, 62.98; H 6.24, 6.08; N 5.66, 5.62%. Ct3H15NO 4. Calculated: C 62.65; H 6.03; N 5.62~. 

A mixture of 5.6 g of (HIa) and 200 ml of dilute (1: 1) HC1 solution was refluxed for 10 h, cooled, and 
the obtained benzoic acid was fi l tered.  The mother  liquor was refluxed for 0.5 h with active carbon. The 
fi l t rate was evaporated in vacuo. We obtained 2.3 g (88%) of 6-aminolcvulinic acid hydrochloride with mp 
145-149~ which failed to depress  the mixed melting point with an authentic specimen [3]. 

Hydrolytic Cleavage of 0IIc). A mixture of 1 g of (Hie) and 20 ml of dilute (1: 1) acetic acid solution 
was refluxed for l h, cooled, and the obtained c rys ta l s  were f i l tered and dried in the air .  We obtained 0.8 
g (85%) of (Ic) with mp 91-93~ After recrys ta l l iza t ion  f rom n-hexane, mp 94-96~ Rf 0.54 (benzene-ace -  
tone, 3 : 1 ) .  Found: C 76.82, 76.96; H 10.38, 10.47; N3.94,  3.93%. C24H39NO 2. Calculated: C 77.30; 
H 10.44; N 3.75%. 

Hydrolytic Cleavage of (Hid). A mixture of 1.6 g of (Hid) and 50 ml of water was refluxed for 1.5 h, 
cooled, extracted with ether, the extract  was evaporated, and the residue was dissolved in a small  amount 
of ether and cooled to -70~  The obtained c rys ta l s  were f i l tered and washed with chilled ether.  We ob- 
tained 0.36 g (25%) of 1 - b e n z o y l a m i n o - 4 - e t h o x y - 2 - b u t a n o n e  with mp 54-55~ Rf 0.54 (benzene-acetone,  
2: 1). In f ra red  spec t rum {KBr): 1630, 1720 cm - t .  Found: C 66.14, 66.23; H 7.28, 7.26; N 6.17, 6.26%. 
C13HiTNO3. Calculated: C 66.37; H 7.24; N5.96%. 

In conclusion we wish to express  our grati tude to T.  M. Sedletska, T. A. Petrova,  and V. M. Shitkin 
for making the spec t ra l  studies.  

C O N C L U S I O N S  

1. The O ~ C- i somer iza t ion  of some O-acyl  derivat ives of 2 -phenyl -5-oxazo l inone  was accomplished 
under the influence of boron t r i f luoride etherate .  

2. It was found that 7-p icol ine  exerts a beneficial  effect on the C-aeylat ion of 2 -pheny l -  5-oxazolinone 
with carboxylic acid chlor ides .  
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