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A number of previously unknown 5-alkylpyrrolidones-2 and 1-methyl- 
5-alkylpyrrolidones-2 were synthesized by reductive amination of the 
ethyl esters of 8-ketocarboxylic acids with ammonium and methyl- 
amine in the presence of Raney nickel, ruthenium dioxide, or Raney 
nickel activated with ruthenium. The highest yields of 5-alkylpyrrol- 
idones-2 were obtained when ruthenium dioxide was used as a catalyst. 
The acetyl derivatives of 5-alkylpyrmlidones-2 are described. 

The 5 -a lky lpyr ro l idones -2  a re  of in te res t  as poten-  
t ial  physiological ly  act ive subs tances  [2-5] .  

The following methods a re  most  often used in o r de r  
to obtain py r ro l idones -2 :  the in te rac t ion  of 7-1actones 
with a m m i n i u m  or  amines  [6-7],  the reac t ion  be -  
tween succ in imide  and Gr ignard  reagent  [8-9] ,  and 
also the reduct ion of e s t e r s  of n i t rocarboxyl ic  acids 
to e s t e r  of ~ -amino  acids with subsequent  cycl izat ion 
[10]. 

In o rde r  to synthes ize  the 5 -a lky lpyr ro l idones -2 ,  
we used the method of reduct ive aminat ion of ethyl 
e s t e r s  of T-ketocarboxyl ic  acids .  

H C - - C H  2 R,NH 2 2 I I 
R--C- -CH2- -CH~- -C/ /O - -  R - - H C \  C~O 

II "\OC2H 5 H2, catalysis N / 
O l 

R = a lkyl  ; R' = H, CH 3 R' 

Original  e s t e r s  of 7-ke tocarboxyl ic  acids were  ob- 
tained f rom fury l -a lky l  ca rb ino ls ,  synthes ized  in tu rn  
dur ing the in te rac t ion  between furol and a lky lmag-  
nes ium hal ides  [11-13].  

Ethyl e s t e r s  of ~/-ketocarboxylic acids a re  con-  
ver ted  into 5 - a lky l -py r ro l i dones -2  and 1 -me thy l - 5 -  
a lky lpyr ro l idones-2  under  the condit ions of the hydro-  
aminat ion reac t ion  with yields  up to 75% of the theo-  
re t ica l  va lues .  The reac t ion  i s  conducted in a rotat ing 
autoclave on heat ing to 120 ~ C, with a hydrogen p r e s -  
su re  of 80-140 a im in  the p re sence  of the ca ta lys ts ,  
Raney nickel ,  ru thenium dioxide, or  Raney nickel  ac-  
t ivated with ru thenium.  The ethyl es te r  of the T-keto 
acid and ammon ium or  methy lamine  were  introduced 
into the reac t ion  mix ture  in the ra t io  of 1 : 3. The so l -  
vents  were  methyl  or  ethyl alcohol.  When ru thenium 
dioxide was used as the catalyst ,  the yield of alkyl 
pyr ro l idones  was g r ea t e r  than in the p re sence  of Raney 
nickel  or  Raney nickel  act ivated with ru then ium.  

The mechan i sm of format ion  of 5 -a lky lpy r ro l idones -  
2 f rom ethyl e s t e r s  of ~/-ketocarboxylic acids under  
condit ions of reduct ive  amina t ion  is  d i scussed  in Shui- 
kin et al.  [14]. According to these  authors ,  t h e m e c h -  
an i sm involves  in t e rmed ia t e  format ion  of the amides  
of 7-ke tocarboxyl ic  acids with the i r  subsequent  de- 
hydrat ion,  hydrogenat ion,  and cycl iza t ion.  However, 

*For part II, see [i]. 

it i s  poss ib le  to propose another  mechan i sm for this  
react ion in which aminat ion  of the keto group in i t ia l ly  
occurs  according  to the genera l  scheme of reduet ive 
aminat ion [15] with subsequent  dehydration,  hydroge-  
nation, and eycl izat ion.  

The 5-a lky lpyr ro l idones  a re  amorphous  fusible  sub-  
s tances .  The lower homologs a re  readi ly  soluble in 
water .  With i n c r e a s e  in the alkyl radical  the solubi l i ty  
in water  dec rea se s .  They a re  readi ly  soluble in methyl  
and ethyl alcohols .  The 5-a lky lpyr ro l idones-2  a re  
readi ly  aeetylated on boi l ing with twice the theore t ica l  
quantity of acet ic  anhydride.  

The l - m e t h y l - 5 - a l k y l p y r r o l i d o n e s  a re  co lor less  l iq-  
uids insoluble in water  and readi ly  soluble in alcohol. 

Physical  constants  and data of the ana lys i s  of a l -  
ky lpyr ro l idones-2  and acetyl  der iva t ives  of ce r ta in  of 
them are  p resen ted  in Tables  1 -3 .  

In the IR spec t ra  of 5 -a lky lpyr ro l idones-2  absorp -  
tion bonds a re  found at 1705 and 1715 cm -I  co r re spond-  
ing to va lency osc i l l a t ions  of the C-~O group and also 
at 3100 and 3200 cm - I  cor responding  to valency os -  
c i l la t ions  of the NH group. On subst i tut ion of the hy-  
drogen atom at n i t rogen by the methyl  radical  in mole -  
cules of 5 -a lky lpyr ro l idones -2  the band of the va lency 
osc i l la t ion  of the NH group disappears ,  and f requency 
of the va lency osc i l la t ion  of the C~O group essen t ia l ly  
does not change in value (1715-1720 cm- l ) .  

The 5 -a lky lpyr ro l idones -2  develop a well-known 
activity against both gram-positive and gram-negative 
species of microorganisms. The minimal bacterio- 
static concentration of 5-propyl-pyrrolidone-2 in re- 
lation to B. coli is i0 pg/ml andin relationto St. aureus 
is i00 /~g/ml. With increase in the alkyl radical the 
antimicrobial activity decreases. The most active of 
the acetylated 5-alkylpyrrolidones-2 was found to be 
l-acetyl-5-hexylpyrrolidone-2, which inhibits the 
growth of the golden staphylococcus at a concentration 
of 75 pg/ml. The l-methyl-5-alkyl-pyrrolidones-2 
possess no antimicrobial activity. 

Studies of the physiological activity conducted in 
the Institute of Experimental Medicine, Academy of 
Sciences of the USSR by E. V. Moreva, showed that 
the 5-alkylpyrrolidones-2 have a certain sedative ac- 
tion. These studies are being continued. 

EXPERIMENTAL 

T h e  e t h y l  e s t e r s  o f  ~ - k e t o c a r b o x y l i c  a c i d s ,  i n c l u d i n g  y - k e t o h e x -  

anic (I), 7-ketoheptanic (II), ~,-ketooctanie (ILr), 7-ketoisooetanie 
(IV), 7-ketononanie (V), ~,-ketoisononanic (VI), 7-ketodeeanie (VII), 
},-ketoisodecanic (VII1), ~,-ketoundeeanic (IX), },-ketotridecanie (X) 
and 7-ketoheptadecanic (XI) acids were obtained by previously de- 
scribed methods [11,12]. 
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Table 1 

H~G---CH, 

H 

Corn- R pound 

XII C2H5 *~ 
XllI CsHr 

XIV C4H9 

XV i-C4H9 
XVI CsH.  

XVII i-CsHn 

XVIII C6Hta 

XIXI i-C~Hl3 
I I 

XX t CzH~5 

XXI I CsHIs 
! 

XXII I C~sH2T 

li ~ Bo,,i.~ point, 
"" ~ Catalyst* ~ (pressure, 

mm) 

I NiR 
II NiR 

[ NiR(Ru) 
I RuO~ 

III N R 
NiR(Ru) 
RuO~ 

IV/.~i~ 
VI Nir~ 

J NiR(Ru) 
RuO2 

VI NiR 

VII i NiR 

VIII] NiR 

XI RuO2 

Empiri- 
cal for- 
mula 

127--130 (7) C~HnNO 
CvH~eNO 

105--106 (1) 

113--120 (1)ICsH15NO 

Found, % Caiculated, % 

C H N C H N 
I 

65.8855"9010.16 I0.941 1 l.Of~ 

68.3610.24 i0.46r68.0810.639.93 
58.07 10.65 10.01 

-d 

52,1 
32.2 
58.7 
74,4 
50.2 
08.0 

I ~ I 75.0 
119--120 (1) CsHtsNO 67.93 10.41 10.1058.0810,63 9.93 69.1 

CgH 7NO 6942 1099 8,69 69671109e 9.03 68.4 
126--128 (1) 69.54110,96 9,04' i 67.1 

173,6 I 169.67 148-15o 11096: 903 0, 
164--165 (7) I C,oH,~NO!71100171.07,11.4411:358.2818:2271.07:11,24i 8.2859.5 

154--157 (2) CuH21NO 7218'11.38' 7,30721311,47~ 
I 17'2.01 (11.45't 7.28 ( I 

15'9--161 (1) CIaH=sNO/73.82 11.94L 6.46,74.00 I1.94] 6.64i67.4 
I 173.72 12.006.73 r I i 5.23 76,6 

[Trnp63--64 ~ C 7H3aNO 77.05 12,13 5.56!76,92'12.31 
1 177,12112.24] 5.40[ I I 

*NiR, Raney nickel: NiR(Ru), Raney nickel activated with ruthenium. 
**Data in the literature [16]: Bp 130 ~ C (8 turn), n~ 1.4800. 
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C2Hs 
C3H7 
C4H9 
CsH~ 
i-CsHn 
CsH~a 
CsH,9 

Table  2 

H2 ~--CH2 
R--H C\N.~=O 

1 
COCH 3 

Bp, ~ I Empirical (pressure, riD2~ 
ram) i formula 

103--135 (7) 1 1.47331 CsH,3NO2 
108--109 (7) i 1.47041 CgH[sNO2 
108_109 l li 14690,, 
l l l - - l l 2  1.46871 CuHlgNO~ 
II3--115 (6)i146801 CnH~gNO2 
I12--113(7)i 1.4631[ C12HnNO~ 
170--171 (7)1 1.4602 i C15HzTNO~ 

Found, % Calculated,% 

C ! H C H N 

61.93 9.00 8.90 
63.84 9 . 0 2  8.26 
65.21 9,42 8,08 
66.94 10.02 6.93 
66.86 9.89 7.00 
69.15 10.34 6.45 
70,96 10.45 5,27 

61.99 8.45 
63.961 8.95 
65,63 9.36 
67.06 9.72 
67,06] 9,72 
69.301 10,03 
71,21 10,76 l 

9.04 
8.29 
7,70 
7.11 
7,11 
6.64 
5,54 

_ _  Yield, 
% 

80.7 
83,4 
86,2 
79.2 
822 
85.5 
83,8 

C3H7 

C4Hs 

CsHu 

i-CsHn 

CsHJa 

Table  3 

H2 C---CH 2 
R-,t ~=o 

CI,I a 

Bp, ~ 
(pressure, 

ram) 
llD~O d42o 

MR v l 
q 

F ~ Emp~icalj 
"~ I "~ formula t C 
3 4 ~  ~ 

Found, % Calculated, % 

H N C H N 

1.4706 I I 75_76 0970514064!4089:Cs.,,N0 !68 18i1050!1001/6808 1063 
' 68 26110 64 1005 /~) I r - ~ .  �9 I 

9-'2(174 1.4695 09558'45 22 45521C9H ;NO 69.4F10.701 931 69.67 10.96 
I ! ]59.58 19.741 9.33 

100--102 ! 45801 0.9462 49.75 50.13 C oH oNTO 71.05111.06! 8.19.71.07 11.24 
(1) i l 7l.I7 I1,22] 8.14 

f I I , i 
0.9490'49.67 50 13'CmHtgNOI71 08!11 36 8,35 71 07'1l 24 

(3) 
150--153 0932154555474c H2 NO 72 221140 7 5 7 7 2 . 1 3 1 1 4 7  

(6) I / I 72.351,1.52 ,7.89 I i 

9.93 61.7 

9.03 60.0 

8.28 67.1 

8.28 64.7 

7.67 65,4 
J 
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5-Propylpyrtolidone-2 (XllI). A) A 24 g quantity of the ethyl ester 
of y-ketoheptanic acid (II), 50 ml methyl alcohol saturated with am- 
monia, and 3 g Raney nickel were placed in a rotating autoclave 150 
ml in volume, and hydrogen was introduced at a pressure of 90 aim. 
The reaction was conducted with constant stirring of the reaction mix- 
ture at 120 ~ C until hydrogen ceased to be absorbed (4 hr). At the end 
of the reaction the hydrogenate was liberated from the catalyst by 
filtration or centrifugation, methyl alcohol and ammonia were re- 
moved by distillation, and the residue was sublimed at reduced pres- 
sure, a fraction separating with a Bp of 105-106 ~ C (1 ram). Yield, 
11 g (62.2~ On storage the compound crystallized and has amp of 
35-36* C. 

B) When the reaction proceeds in the presence of 1 g of ruthenium 
dioxide, a hydrogen pressure of 60 aim and heating to 110-120 ~ C, 
13.4 g of 5-propylpyrrolidone (74.4~ were obtained. 

C) When 3 g of Raney nickel activated with ruthenium were used 
as a catalyst the yield of 5-propylpyrrolidone-2 was 12.4 g (68.701o). 

By an analogous method the 5-ethyl derivative (XID was obtained 
from compound I, the 5-butyl derivative (XIV) was obtained from 
compound IlL the 5-iso-butyl derivative (XV) was obtained from 
compound IV, the 5-amyl derivative (XVD was obtained from com- 
pound V, the 5-iso-amyl derivative (XVII) was obtained from com- 
pound VI, the 5-hexyl derivative (XVIII) was obtained from compound 
VII, the 5-heptyl derivative (XX) was obtained from compound IX, 
the 5-nonyl derivative (XXII was obtained from compound X, and 
5-tridecyl-pyrrolodone-2 (XXID was obtained from compound XI (Ta- 
ble 1). 

l-acetyl-5-propylpyrrolidone-2 was obtained by boiling 4 g of 5- 

propylpyrrolidone-2 (XIII) with 7 g of acetic m~hydride for 90 min and 

with subsequent distillation at reduced pressure. Yield, 4.42 g (80.7%), 

Bp 108-109 ~ C (7 ram), n~ 1.4704. 

By an analogous method the acetylated derivatives of certain other 
5-alkylpyrrolidones-2 (Table 2) were obtained. 

l-Methyl.g.pzopylpyrtolldone-2. A 17.2 g quantity of compound 
II, 1.7 g Raney nickel, and 60 ml of a 20% solmion of methylamine 
in methyl alcohol were imroduced into a rotating autoclave 150 ml 
in volume. Hydrogen was introduced into the autoclave at a pressure 

of 90 aim. The reaction was conducted on heating to 120-130 ~ C 

until absorption of hydrogen ceased. The catalyst, excess methyl- 

amine, and solvent were then removed, and the residue was sublimed 
at reduced pressure. Yield, 8.6 g (61.7~ Bp 75-76 ~ C (7 ram). 

The other 1-methyl-5-alkylpyrrolidones-2 were obtained in an 
analogous manner (Table 8). 
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