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It is known [1-3] that the autocondensation of u -amino  ketones (AK) to pyr ro les  (PL) proceeds  in low 
yields due to the tendency of the AK to fo rm dihydropyrazines .  
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The at tachment of protect ive  groups to the ni trogen atom of the AK, which hinder the conversion of 
the AK to dihydropyrazines ,  can serve  as one of the methods for increasing the yield of PL f rom AK. To 
block the ni trogen atom of the AK we examined in the present  paper  the possibi l i ty of prepar ing  enamines 
(EN) f rom lhe AK and cer ta in  "bulky" fi-dicarbonyl compounds (DC) by the direct  condensation of the AK 
with the DC, and also by the Dak in -Wes t  react ion with the EN f rom the DC and a-amino acids. In addition, 
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we investigated the conditions for the formation of I~ from the N, N-disubstituted AK in the presence of a 
primary amine. 

As the "bulky" DC we selected 2-phenyl-4-acetyl-5-oxazolinone (I) and 2-formylcyclohexanone (11), 
which are easily obtained in one step respectively from hippuric acid (lID [4] and cyclohexanone [5]. The 
EN can be iormed from (I) only in the case where the exocyclic CO group of (I) will react with the amine. 

In view of the absence of data on the structural direction and conditions for the amination of (I) we 
studied the reaction of (I) with piperidine (I~ and CH3NH z. It proved that the aminolysis of (I) using I~ 
leads to acleavage of the azlactone ring and the formation of the piperidide of ~-benzamidoacetoacetic acid 
(IV). The latter is also obtained by the transamination reaction of (I) with l-piperidinocyclohexene (V). 
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In eorLtrast, CH3NH 2 reacts with (1) predominantly at the exocyclic CO group to give enamine (VI). 
/ 

The presence of the CH3C(NHCH3)----C~ grouping in the (VI) molecule was confirmed by the oxidative cleav- 

age of (VI) ,~ith H202 to CH3CONHCH 3. The oxidation of the related enamine (VII), formed by the reaction 
of (III) with POCI 3 and (CH3)2NCHO by the Vilsmeier reaction, with H202 proceeds in a similar manner with 
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the fo rmat ion  of (CH3)2NCHO. The s t ruc tu re  of (VII) follows f rom its abil i ty t o  r eac t  with C6HsMgBr on the 
type of 1, 4-addit ion with the fo rmat ion  of 2 -phenyl -4-benzyl idene-5-oxazol inone  (VIII). 

C~HsCONHCH2COOH . POOh 
(CH3)~I~CHO 

CHN(CHa)~ CHCoH5 
- - "  11" 1=0 C'H~MgBr ~J------T=O 

N 0 N 0 
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CoHs C6Hs 
(vii) Will) 

Despite  the es tabl i shed poss ib i l i ty  of obtaining the EN f r o m  (I), a t tempts  to synthes ize  the cor responding  
EN f r o m  aminoacetone and glycine (or its sal ts)  gave negat ive r e su l t s .  At tempts  to condense the AK with 
(1I) also p roved  unsuccessful .  At the same  t ime,  (tI) mani fes t s  the abi l i ty  to r eac t  with the K sa l t s  of 
gtycine and cr-alanine to give enamines  (IX) and (X). The exocycl ic  posi t ion of the ni t rogen a toms in m o l e c -  
ules (IX) and (X) was a s sumed  on the bas i s  of the l i t e r a tu re  data regard ing  the s t ruc tu ra l  d i rec t ion  of the 
aminat ion of (I1) [6, 74 and was conf i rmed by the t r ans fo rma t ions  to PL  desc r ibed  below. 
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R = H (XII]), CHa (XIV) R = H  (XI), CHa (XII) 

In order  to obtain the N-subst i tu ted  AK and study the i r  autocondensat ion to PL  we subjected enamines  
(IX) and (X) to the action of (CHaCO)20 under  the conditions of the D a k i n - W e s t  reac t ion  [4]. The reac t ion  
of (IX) and (X) with (CHACO) O2proceeds with noticeable speed at>100~ and is accompanied  by the  evolution of 
CO 2. However ,  instead of the des i red  AK (XI) and (XII), the N - a c y l p y r r o l e s  (XIII) and (XIV) a re  fo rmed  as 
the r e su l t  of the cycl izat ion and decarboxylat ion of (IX) and (X). A s i m i l a r  synthes is  of the PL was ac-  
complished e a r l i e r  f r o m  the EN of s a rcos ine  [7 ]. 

Negative r e su l t s  were  also obtained when N, N-dialkyl  pro tec t ion  of the ni t rogen a tom of the AK was 
employed.  Under the influence of benzylamine (BAt and PN hydrobromide ,  one of the m e m b e r s  of the 
N, N-disubst i tuted AK, nam e l y  piper idinoacetone (XV), changes to 1 -benzy l -2 - (p ipe r id inomethy l ) -4 -me thy l -  
p y r r o l e  (XVI) in ~40% yield 
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The t r an s fo rm a t i on  of (XV) to (XVI) apparen t ly  includes the in te rmedia te  s teps  of fo rming  the EN, 
its d imer iza t ion ,  and t r an s fo rm a t i on  by the scheme:  
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The ~ua te rna ry  sa l t  of 3 -ke to -2 ,  3, 1, 6 - t e t r ahydropyr id ine  (XVII), which can be r ega rded  as being a 
N, N-disubst i tu ted AK der iva t ive ,  r e ac t s  with BA to give 1-benzyl -2 ,  4 -d ime thy lpyr ro le  (XVIII), p robab ly  
with involvement  of the reduct ive  c leavage reac t ion  with hydride t r a n s f e r ,  t ransamina t ion ,  and cycl izat ion 
accord ing  Lo the scheme:  
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The structure of (XIID, (XIV), (XVI) and (XVIII) was proved by the elemental analyses, the Ehrlich 
tests and the NMR spectra, and in the case of (XVIII) also by counter synthesis from 2, 4-dimethylpyrrole- 
potassium and CGHsCH2Br. 

E X P E R I M E N T A L  M E T H O D  

Piper id ide  of ~ -Benzamidoace toace t i c  Acid(IV). A mix tu re  of 0.8 g of 2 -pheny l -4 -ace ty l -5 -oxazo l inone  
(I) [4] and 0 .4g  of PN was heated for  30 mill at 145-150 ~ (bath t e m p e r a t u r e ) ,  a f te r  which it was cooled, 
t r e a t ed  with e ther ,  and the p rec ip i t a t e  was f i l te red  and washed with e ther .  We obtained 0.42 g (50%) of (IV), 
mp 150-152 ~ ( f rom n-heptane) .  Rf 0.54 (here and subsequent ly  TLC, Sflufol UV254, 1 : 2 a c e t o n e - b e n z e n e ,  
detect ion of spots  with 12 vapo r s  and ill UV light). Ul t raviole t  s p e c t r u m  (taken on a Specord UV-VIS in- 
s t rumen t  in alcohol):  Xma x 226 nm (e 10800). In f ra red  spec t rum (taken on a UR-10 ins t rument  with KBr,  

v, cm- l ) :  1625-1655 (CON~) ,  1725 (COOC2H5) , 3335 (NH). NMR spec t rum (taken on a DA-60- IL  ins t ru-  

ment  i n p y r i d i n e  with HMDS, 5, ppm,  s inglet  s ignals) :  1.23 (-(CH2)3-)  , 2.13 (CH3CO), 3.37 (CH2NCH2). 
Found: C~37.09; H6.24; N10.00%. CI6HIsN203 . Calculated:  C67.13; H6.31; N9.79%. A m i x f u r e o f 0 . 2 g  
of (I) and 0.16 g of (V) was heated at 145-150 ~ for  30 rain and the obtained (IV) was isolated the same  as 
desc r ibed  above.  The yield of (IV) was 0.12 g (430/0). 

Enamine (VI). A mix tu re  of 1.5 g of (I) and 15 ml  of 25% aqueous CHsNH 2 solution was kept at 20 ~ 
for  120 h, a f t e r  which the p rec ip i t a te  was f i l t e red ,  washed with water ,  and dried in the a i r .  We obtained 
0 .86g (54~) of (VI), mp 139-140 and 146-147 ~ ( f rom a 1 : 2  b e n z e n e - n - h e p t a n e  mixture) ,  yield 0.45g (28%), 
Rf 0.46 (1 ;:3 a c e t o n e - b e n z e n e ) .  Ul t ravio le t  spec t rum:  kma  x 235 and 350 nm (e 13100 and 43500). Found: 
C66.41; P~15.54; N12.85%. CI2HI2N202. Calculated:  C66.65; H5.56; N12.95%. The oxidation of (VI)with  
excess  H202 (30 rain, 80-90 ~ gave CH3CONHCH 3. 

Enaraine (VII). With s t i r r i ng  and cooling in ice, to 18g of (CH3)2NCHO was added a solution of 10 ml  
of POC13 in 30 ml  of benzene,  the mix tu re  was kept at N20~ for  12 h, and then, with v igorous  s t i r r i ng  and 
cooling in ice ,  8.1 g of (III) was added in 15 mill, a f te r  which the mix tu re  was s t i r r ed  for  another  4h  at ~20 ~ 
poured on ice ,  and the p rec ip i t a te  was f i l te red ,  washed with water ,  and dr ied in the a i r .  We obtained 9 .1g 
(93o/o) of (VII), mp 157-159 ~ and 161-162 ~ ( f rom a b e n z e n e - n - h e x a n e  mixture) ,  Rf 0.45 (Stahl s i l ica  gel, 4 : 1 
b e n z e n e - s e e t o n e ) .  Ul t ravio le t  spec t rum:  Xma x 240 and 355 nm (e 11580 and 35300). Found: C 66.36; 
H5.67; N:L2.95%. C12H12N202. Calculated:  C66.70; H5.50; N12.95%. The oxidation o f ( V I I ) w i t h e x c e s s  
H202 (2h, 80-90 ~ gave (CH3)2NCHO. 

To a solution of C6HsMgBr ( f rom 0.18 g of Mg and 0.7 ml of C6HsBr ) in 10 ml  of absolute THF was 
added 0.65g of (VII) in por t ions ,  and the mix tu re  was ref luxed for  1 h, evaporated,  and t r ea t ed  with water  
and dilute HC1 solution. The reac t ion  product  was ex t rac ted  with benzene.  After  r emova l  of the solvent 
the res idue  was dissolved in a mix tu re  of e ther  and n-hexane ,  and cooled to - 7 0  ~ The prec ip i ta te  was f i l -  
t e r ed  and washed with alcohol.  We obtained 0.45 g (60%) of 2 -phenyl -4-benzyl idene-5-oxazo l inone  (VIII), 
mp 164-165 ~ ( f rom benzene),  the mixed mel t ing  point of which with an authentic spec imen  [8] was not de-  
p r e s s e d .  

2507 



1-Acetyl-3,  4 - t e t r amethy lenepyr ro le  ICKII1). A mixture  of the K salt  of glycine (from 2.18 g of glycine 
and 1.68g of KOH) and 3.16g of 2-formylcyclohexanone (II) [5] in 25 ml of Mcohol was ref luxed for  3 .5h 
af ter  which it was cooled, and the precipi ta te  was f i l tered,  washed with alcohol, and dried in the air .  We 
obtained 3 .1g of enamine (IX). Ultraviolet  spect rum:  kma x 315 nm. A mixture  of 0.8g of (IX) and 8 ml 
of (CH~CO)20 was ref luxed for  2h, af ter  which it was evaporated and the res idue was ext rac ted  with e ther .  
After  removal  of the solvent the react ion product  was chromatographed on an A1203 (II activity) column. 
Elution with e ther  gave 0.25 g (42%) of (XIII) as an oil, Rf 0.25 (benzene). Ultraviolet  spect rum:  Xmax 260 
nm. Infrared spec t rum (CHC13): 1710 cm -1 (CO). NMR spec t rum (CC14, 5, ppm): 1.60 (-CH2CH2- , mult i -  
pier); 2.25 (CH3CO , singlet); 2.43 (2CH2C=C , multiplet); 6.75 (H 2 and Hs, singlet). Found: C73.24; 
H 8.27; N 8.76@o. Ci0Hi3NO. Calculated: C 73.62; H7.97; N 8.58%. 

1-Ace ty t -2 -methy l -3 ,  4 - t e t r amethy lenepyr ro le  (XIV). A mixture  of the K salt  of a-alanine (from 0.95 g of 
a-alanine and 0.06 g of KOH) and 1.36 g of (ID in 25 ml of alcohol was ref luxed for  3.5 h, a f te r  which it was evaporated,  
20 ml of (CH3C 0)20 was added to the res idue ,  the mixture  was ref luxed for  2 h, evaporated again, and the res idue  
was ext rac ted  with benzene.  A f t e r  r emova l  of the solvent the res idue was chromatographed on A120 ~ (II 
activity).  Etution with e ther  gave 0.22 g of (XIV as an oil, Rf 0.57 [A1203 (II activity),  benzene].  Ul t ra-  
violet  spect rum:  Xma x 252 nm. Infrared spec t rum (as a film): 1710 cm -1 (CO). Found: C 74.36; H 8.80; 
N 8.36%. CIiHisNO. Calculated: C 74.57; H 8.47; N 7.91%. 

1-Benzyl -2- (p iper id inomethy l ) -4 -methy lpyr ro le  (XVI). A mixture  of 0.62 g of piperidinoaeetone (XV) 
[9 ], 0.47 g of benzylamine and 0.73 g of P N hydrobromide in 10 ml of absolute benzene was ref luxed for  7 h, 
a f te r  which the precipi ta te  was f i l tered,  the mother  l iquor was evaporated,  and the res idue  was ext rac ted  
with ether .  After  removal  of the solvent the react ion product  was chromatographed on an A1203 (II activity) 
column. Elution with ethyl acetate  gave 0.2g (35%) of (XVI) as an oil, Rf  0.39 [A1203 (Ilactivity),  1 : 1  
hep tane-benzene] .  NMR spect rum (CC14, 5, ppm): 1.33 (-(CH2)3- , multiplet); 1.94 (CH3, singlet); 2.20 

(-CH2NCH2- , multiplet); 3.09 ( - C H 2 N ~ ,  singlet); 5.00 (C~H5CH2N~, singlet); 5.63 (H3, doublet); 6.50 

(Hs, multiplet);  7.05 (CGH~, multiplet). Found: C80.56; H8.82;  N10.13%. C18H24N 2. Calculated: C80.65; 
H8.95; NI0.45%. 

l-Benzyl-2, 4-dimethylpyrrole (XVIII). In known manner [i0], starting with bromoaeetone and (XV), 
we obtained the quaternary salt (XVII), mp ~250 ~ (decompn.). Ultraviolet spectrum: Xma x 233 nm (e 11800). 
Infrared spectrum: 1680 cm -i (C=O). A mixture of 0.5g of (XVII) and 2 ml of BA was heated at 135-140 ~ 
for I h, after which the excess BA was removed by vacuum-distillation with xylene, and the residue was 
chromatographed on an AI203 (II activity) column. Elution with benzene gave 0.17 g (50%) of (XVIII) as an 
oil, Rf 0.80 (i :I acetone-benzene). Ultraviolet spectrum: kma X 209 nm. NMR spectrum (CC14, 5, ppm): 
1.94 (2CH3, singlet); 4.75 (CH2, singlet); 5.50 and 6.08 (H 3 and Hs, singlets); 7.00 (CGHs, multiplet). Found: 
C 84.41; H8.06; N7.50%. Ci3HisN. Calculated: C 84.44; H8.10; N7.57%. 

A mixture of 2, 4-dimethylpyrrolepotassium (from 0.4 g of 2, 4-dimethylpyrrole [II ] and 0.16 g of K) 
and 0.72 g of CsHsCH 2 Br in 4 ml of absolute benzene was kept at 20 ~ for 5 h, after which it was refluxed for 
3.5 h, the precipitate was filtered, and the residue was chromatographed as described above. We obtained 
0.13g of impure (XVIII), which had the same Rf and the signals of the protons in the NMR spectrum as sam- 

ple (XVIII), which had been synthesized from (XVII) and BA. 

CONCLUSIONS 

i. The reaction of 2-phenyl-4-acetyl-2-oxazolinone with piperidine and methylamine respectively 
gave the piperidide of ~-benzamidoaeetoacetie acid and 2-phenyl-4-(c~-methylaminoethylidene)-5-oxazoli- 
none. 

2. Reaction of the enamines, obtained by the reaction of the K salts of glycine and ~-alanine with 
2-formyleyelohexanone, with acetic anhydride leads to the formation of 1-aeetyl-3, 4-tetramethylenepyrrole 

and its ~2-methyl derivative. 

3. The reaetion of piperidinoaeetone with benzylamine and piperidine hydrobromide in benzene gives 
i - benzyl- 2 - (p iperidinomethyl) -4-methylpyrrole. 

4. The quaternary salt of 3-keto-2, 3, I, 6-tetrahydropyridine is converted to l-benzyl-2, 4-dimethyl- 
pyrrole under the influence of benzylamine. 
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