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PREPARATION OF N-ARYL~MINO-2-PYRROLIDONES FROM ARYLHYDRAZIDES 

OF y-CHLOROBUTYRIC ACID 

A. V. Blokhina, V. G. Boronin, V. V. Druzhinina, 
V. P. Zhestkov, and Yu. N. Portnov 

UDC 547.297'556.8'748.07 

Intramolecular alkylation of the arylhydrazides of y-chlorobutyric acid in the 
presence of sodium ethoxide leads to the formation of N-aryiamino-2-pyrroli- 
dones. The direction of the reaction is not altered by the absence of a sub- 
stituent on the aniline nitrogen atom. In the case of a p-nitrophenyl-hydra- 
zide, O-alkylation is observed. 

We have shown previously [i] that reaction of N-methyl-N-phenylamino-2-pyrrolidone with 
phosphoryl chloride is accompanied by a Kost rearrangement with the formation of 3-(2-ary!am- 
ino)-2-pyrrolidones. The present work is concerned with the development of a method for the 
preparation of the difficultly accessible N-aryiamino-2-pyrrolidones. 2-Pyrroiidones substi- 
:uted on the nitrogen atom are generally prepared by the reaction of primary amine salts with 
,-butyroiactone [2] or by intramolecuiar a!kylation of amides of y-halogen-substituted fatty 
~cids [3, 4]. 

Experiments on the preparation of N-aryl~aminopyrrolidones by the reaction of arylhydra- 
zine hydrochlorides with y-butyrolactone were not successful because under these conditions 
tar formation occurred and the product was a complex mixture from which only the N-arylpyr- 
rolidone could be separated. 

The most acceptable method for the preparation of the N-arylamino-pyrrolidones III was 
the intramolecular alkylation of the arylhydrazides II. 

The arylhydrazides IIa-k were prepared by acylation of arylhydrazines Ia-k by means of 
acid chloride of y-chlorobutyric acid [5]. In the acylation of arylhydrazines la-g which have 
no substituent on the aniline nitrogen the isomeric aryihydrazide was also obtained together 
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Staraya Kupavna 142450. Translated from Khimiya Geterotsik!icheskikh Soedinenii, No. 4, 
pp. 474-478, April, 1987. Original article submitted June i0, 1986. 
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/~'~ [ C~H~ONI f)~-'r O ~. 

[I III 

I - - I l l  a - d  R=H, e, f R=2-CH3, g - - t  R=4-CH3, j, k lq=4-NO~, l ,n  R=4-Br: 
a, e, g, j R '=H,  h f, b i RI=CH3, c RI=C6Hs, d,[ ,  n R I=C6HSCHz, k R I=CH3C6H4, 

m R~ =C2HsCH2 

with a diacyl derivative. Separation was effected by chromatography on a column of silica gel 
with chloroform or benzene. We note that in the acylation of the hydrazines le and lj, second- 
ary products were not formed in any great quantity, probably as a result of steric factors (le) 
and the presence of the electron-acceptor nitro group in lj which reduces the basicity of the 
aniline nitrogen. 

The arylhydrazides lib-d, f, and h-k with no substituent on the aniline nitrogen were sub- 
jected to intramolecular alkylation in an alkaline medium without further purification. In an 
alkaline water--alcohol solution, and in the presence of a phase-transfer Catalyst (tetrabuty!- 
ammonium hydroxide), partial resinification of the reaction products occurred and this made 
~heir separation and purification difficult. The best results were obtained when alkylation 
was carried out under mild conditions at 60=C in alcohol with a small excess of sodium ethox- 
ide, the yields of N-arylamino-2-pyrrolidones then being 70-80% (Table i). 

The N-arylaminopyrrolidones are crystalline substances, freely soluble in organic sol- 
vents and insoluble in water. There is an intense band in the infrared spectrum of the com- 
pounds due to the carbonyl group at 1700 cm -~, which is characteristic for pyrrolidones [6]. 
In the proton NMR spectra of the compounds, the triplet of the protons of the methylene group 
adjacent to the nitrogen atom of the pyrrolidone ring is shifted downfield (3.13-3.53 ppm) 
relative to the multiplet of the protons of the other methylene groups of ;he pyrroiidone ring 
(1.7-2.7 ppm). 

The absence of a substituent on the aniline nitrogen atom does not change the direction 
of the reaction and hydrazides lla, e, and g are also alkylated exclusively on the amide ni- 
trogen with the formation of the corresponding pyrrolidones llla, e, and g. Chromatography 
shows not even a trace of the possible 3-pyridazinones of type VIII in the reaction product 
after alkylation. To show conclusively the direction of the aikylation of the hydrazides, we 
prepared the N-phenyltetrahydro-3-pyridazinine of known structure (VIII) which is isomeric with 
the hydrazide ila by the route 

NO 

C~H~Nii(CH~)~C00H NAN02 [ (TiCI~ + Mg), H �9 . ......... ~.. C6H~N{C}I~)3COOI~ ............. ~ 

I"[C 1 V VI 

~c,a~(ca~)~coom ca~coo~ ~ / ~  / - 7  , - "NO ----~ < ) ~--N--N=C i 

N ~  2 C H 5  N ~  N / ~ ' ~ "  0 k q ~  -- O ~  
H 

vI l  VIII I.~ 

Nitrosation of the N-pheny!-7-amino butyric acid V yielded the N-nitroso compound VI. 
Reduction of the latter under mild conditions with TiCI, + Mg in dry ether/methylene chloride 
[7] yielded the unstable hydrazine VII which, by intramolecular cyclization under the influence 
of sodium acetate, gave N-phenylt~trahydro-3-pyridazinone (VIII) essentiaily free irom compound 
li!a ~ccording to melting point, chromatographic retention time and infrared spectra in the 
"fingerprint" region, 1200-800 cm -:. 

Intramolecular alkylation of the 4-nitrophenylhydrazide llj led to the formation of two 
products differing in chromatographic retention time but having the same elemental composition 
C~oH~NsO ~ (lllj, IX). In the IR spectrum of the more mobile compound lllj [Rf = 0.25 CA)], 
intense absorption bands were observed at 3240 cm -: (NH) and 1700 cm -~ (CO). The proton NMR 
spectrum showed a methylene triplet at 3.43 ppm which is characteristic for pyrrolidones~ In 
the mass spectrum, a peak due to a molecular ion with m/z = 221 was noted. From this we con- 
clude that l!lj is an N-4-nitrophenylaminopyrrolidone. In the IR spectrum of compound IX 
with Rf = 0.75 (A) there were bands at 3350 cm -~ (NH) and 1690 cm-~; the latter can be as- 
signed to either C==O or ~. In the proton NMR spectrum of compound IX, one of the methylene 
group tripiets was shifted downfield (4.3 ppm) in comparison with compound lllj=which is typi- 
cal of signals from methylene groups adjacent to an oxygen atom in cyclic ethers [8]. In ad- 
dition, on boiling with acetic acid this compound is rapidly converted to N-4-nitrophenyl-N'- 
acety!hydrazine, and on boiling in o-dichlorobenzene in the presence of an acidic catalyst it 
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rearranges to the pyrrolidone lllj. Compound IX is apparently the product of O-alkylation of 
the initial hydrazide IIj to 2-(4-nitrophenyl)hydrazonotetrahydrofuran IX. 

For the preparation of N-(4-bromoalkyl)amino-2-pyrrolidones (III~-n), the most convenient 
method was the direct bromination of N-arylamino-2-pyrrolidones (IIIb-d) with the appropriate 
quantity of bromine in dry chloroform. 

EXPERIMENTAL 

Infrared spectra were run on a Perkin-Elmer 577 instrument as nujol mulls, NMR spectra 
on a Tesla-467 (60 MHz) with HMDS as internal standard. The progress of the reactions and 
the purity of the products were monitored by TLC on plates of Silufol UV-254 in 10:1 benzene/ 
acetone (A), 2:1 benzene/acetone (B) or 20:1 chloroform/methanol (C). 

Reaction of N-Methyl-N-phenylhydrazine Hydrochloride with y-Butyrolactone. A mixture of 
4.75 g (0.03 mole) N-methyl-N-phenylhydrazine hydrochloride and 3.42 g (0.04 mole) y-butyrolac 
tone was heated for 20 h at 190~ until TLC showed all the initial hydrazine to have disap- 
peared. The cold reaction mass was washed with chloroform and the precipitate filtered off. 
This was ammonium chloride (1.3 g, 81%), identical with a known sample. The filtrate was 
evaporated in vacuum and the residue chromatographed on a column of 200 cm 3 silica gel, elutin 
with 20:1 benzene/chloroform. The eluate was evaporated to yield 2.3 g (48%) N-phenylpyrroli- 
done identical with a known sample obtained by the method of [2]. 

N-Arylamino-2-pyrrolidones (IIIaTi, k). To a mixture of 0.05 mole of the appropriate hy- 
drazine I and 0.05 mole triethylamine in 50 ml dry chloroform at 5QC was added, dropwise with 
stirring, 0.05 mole of the acid chloride of y-chlorobutyric acid. The reaction mixture was 
stirred at 20~ until the TLC showed that all the initial hydrazine had reacted (4 h), diluted 
to 150 ml with chloroform, washed with 2 x I00 ml water, dried over sodium sulfate and the 
chloroform distilled off under reduced pressure. The oily residue of II was triturated with 
hexane [2 x 30 ml) and subjected to intramolecular alkylation. To a solution of 0.0105 mole 
sodium ethoxide in 30 ml absolute ethanol was added 0.01 mole of the appropriate y-chlorobutyr 
ic acid hydrazide II and the mixture stirred at 60QC until TLC showed that the initial reac- 
tant had disappeared (4-5 h). The reaction mixture was acidified with acetic acid to pH 6, 
diluted to 100 ml with water and extracted with 3 x 50 ml chloroform. The chloroform extract 
was dried over sodium sulfate and the solvent removed under vacuum. The oilY residue was tri- 
turated with hexane (3 • 20 ml) and dried. Yields and physicochemical characteristics of the 
N-arylamino-2-pyrrolidones [IIIa-k) are shown in Table i. 

N-Phenyl-y-aminobutyric Acid Hydrochloride (V). A mixture of 4.83 g (0.03 mole) N-phenyl 
pyrrolidone and 10 ml HCI (d = i.17) was heated to boiling for 20 h. The acid was distilled 
off in vacuum and residue washed with ether, dried, and crystallized from a mixture of i:i eth- 
anol/ether. Yield 79%, mp 137-138~ IR spectrum (cm-l): 3000-2300 (broad, NH+), 1730 (CO), 
1600 (C=C). Found, %: C 56.2, H 6.7, N 6.6. CIoHI3NO2"HCI. Calculated, %: C 55.8, H 
6.5, N6.5. 

N-Nitroso-N-phenyl-y-aminobutyric Acid <VI). To a solution of 4.31 g (0.02 mole) N-phen- 
yl-~-aminohutyric acid hydrochloride in 20 ml HCI (d = 1.17) cooled to --bQC was added, drop- 
wise with stirring, a solution of 2 g (0.03 mole) NaNO= in i0 ml water. The reaction mixture 
was stirred for 30 min and the precipitate filtered off, washed with water, dried, and re- 
crystallized from hexane. Yield 80%, mp 83-85~ IR spectrum [cm-~): 1700 (CO), 1600 (C=C). 
5lass spectrum: M + 208. Found, %: C 57.2, H 5.4, N 13.3. CIoH~2N20 ,. Calculated, %: C 57.7 
H 5.8, N 13.5. 

N-Phenyltetrahydro-3-pyridazinone (VIII). Following the method of [8], to a mixture of 
dry ether and methylene chloride (250 ml, 1:4) was added with stirring 6.6 ml (0.06 mole) ti- 
tanium tetrachloride followed by 1.5 g (0.06 mole) magnesium powder in a current of nitrogen, 
and the mixture was stirred for 2.5 h at 20~ A solution of 3.12 g (0.015 mole) N-nitroso- 
N-phenyl-y-aminobutyric acid (VI) in ether was then added and after 1 h a saturated solution 
of sodium acetate was added up to pH 5.0-5.5 and the mixture boiled for 6 h. The inorganic 
deposit was filtered off and washed with methylene chloride. The filtrate was washed with 
sodium carbonate solution and water and dried over sodium sulfate. The solvent was removed 
under reduced pressure and the residue recrystallized from a i:I mixture of benzene and hexane 
Yield 65%, mp 153-154~ IR spectrum [cm-~): 3180 (N'H), 1680 (CO). Proton NMR spectrum 
(CDCI,, ppm): 1.7-2.53 (m, --CH2--CK=--) ; 3.67 (t, --CH=--O); 6.77-7.33 (m, C,Hs); 7.87 (NH). Mass 
spectrum: M + 176. Found, %: C 68.2, H 7.0, N 15.5. CIoH~2N=O. Calculated, %: C 68.2, 
H 6.8, N 15.9. 
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N-4-Nitrophenylamino-2-pyrrolidone (lllj)and2T(4-Nitrophenylhydrazino)tetrahydrofuran 
(IX). In the preparation of N-4-nitrophenylamino-2-pyrrolidone (IIIj) by an analogous method, 
after the disappearance of all the initial arylhydrazide (TLC) there were two reaction products 
present. The suspension formed in the course of the reaction was acidified withacetic acid 
to pH 6 and the precipitate filtered off and washed with water. It was suspended in 3 ml D~ 
at 50~ and diluted to 50 ml with ether and the precipitate of IIIj filtered off. Rf = 0.25 
(A), Rf = 0.4 (B). The filtrate from the separation of IIIj was evapora=ed under reduced 
pressure, diluted with 50 ml water at 100~ and the precipitated solid fil=ered off to yield 
0.75 g (17%) 2-(4-nitrophenylhydrazino)tetrahydrofuran (IX), Rf = 0.75 (A), Rf = 0.85 (B); 
mp 169-170~ (from ethanol). IR spectrum (cm-:): 3350 (NH), 1690 (C~). Proton N~hR spec- 
trum (CDCI~, ppm): 1.9-2.87 (m, --CH2--CH2--), 4.3 (t, --CH2--O--), 6.8 + 8.03 (2 d, CH atom.), 
7.6 (s, NH). Found, %: C 54.6, H 5.1, N 18.6. Mass spectrum, M + 221. C~oH~N30~. Calcu- 
lated, %: C 54.3, H 5.0, N 19.0, M + 221. 

On boiling 50 mg IX in 2 ml o-dichlorobenzene with 2 mg p-toluenesulfonic acid at 140=C 
for 6 h followed by purification on a silica gel column in chloroform, IIIj was obtained in 
i0% yield. 

N-4-Nitrophenyl-N'-acetylhydrazine. A solution of 220 mg (0.01 mole) compound IX in 
I0 ml acetic acid was heated to boiling for ! h. The mixture was evaporated to dryness and 
the residue recrystallized from alcohol. Yield 130 mg (67%), mp 210-213~ The compound had 
properties identical to those of the known compound [9]. 

N-4-Bromoarylamino-2-pyrrolidones (IIIl-n). To a solution of 0.01 mole of the correspond- 
ing arylaminopyrrolidone (IIIb-d) in 30 ml dry chloroform, cooled to 0~ and stirred, a solu- 
tion of 0.01 mole bromine in dry chloroform (i:i0) was added dropwise over 30 min. After the 
addition of bromine was complete, the reaction mixture was stirred until TLC showed that all 
the initial reactant had disappeared (~30 min) and then washed with sodium carbonate solution 
and water and the chloroform evaporated off under reduced pressure. The oily residue was 
triturated in hexane (3 x 30 ml). The yields and properties of the products are shown in 
Table i. 
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