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The pyrazolidine-3,5-dione ring constitutes an impor-
tant structural motif of certain medicinal products exem-
plified by the potent phenylbutazone class of anti-inflam-
matory agents [1]. Although numerous pyrazolidine-3,5-
diones containing aryl substituents on one or both nitro-
gens are described, little is known about the preparation
of the corresponding N-monosubstituted compounds con-
taining alkyl substituents [2]. The most common reaction
conditions [3] involve the cyclisation of disubstituted
malonates with hydrazines in ethanol in the presence of
sodium alkoxide. This method cannot be generalized
since few N-alkylhydrazines are commercially available.
Therefore, we were interested in developing a reaction
scheme enabling an efficient construction of the pyrazoli-
dine-3,5-dione skeleton where various alkyl substituents
could be introduced at one of the nitrogen atoms of the
heterocycle. Specifically, we sought to investigate a new
method for the preparation of N-alkyl pyrazolidine-3,5-
diones starting from commercially available benzylhy-
drazine. Hence, we anticipated that we could perform the
cyclocondensation with benzylhydrazine, subsequently
substitute on the free nitrogen and then finally remove the
benzyl group to afford the desired N-alkyl pyrazolidine-
3,5-diones.

Results and Discussion.

The target compounds 12-16 were effectively synthe-
sized in a two-step sequence (Scheme 1) from the key
intermediates N-benzylpyrazolidine-3,5-diones 4-6. These
compounds have been obtained by condensation of vari-
ous disubstituted malonates (1 [4], 2, and 3 [5]) with ben-
zylhydrazine. When the cyclisation was performed in
ethanol in the presence of sodium ethoxide (method of
Conrad and Zart [3]), the N-benzyl derivatives 4-6 were
obtained in about 20% yield. Furthermore, fusion of the
esters with benzylhydrazine at 170 °C did not allow us to
increase the yield of the condensation (significant degra-
dation of benzylhydrazine was observed in this case).
Changing the solvent from ethanol to chlorobenzene,
however, enabled us to obtain the N-benzylpyrazolidine-
3,5-diones 4-6 in moderate to good yields. Alkylation of

4-6 with the appropriate alkyl bromides (R3Br) gave a
mixture of two isomers a and b, corresponding to the N-
and O-substituted alkyl derivatives of the tautomeric
pyrazolidines, respectively. Non-selective alkylation of
pyrazolidine-3,5-diones under basic conditions has been
reported previously [2,6]. Furthermore, alkylation of 2-pyri-
done under Mitsunobu conditions has been reported to
give mixture of N- and O-alkylation products [7].

When alkylation was carried out at room temperature in
dimethylformamide and in the presence of potassium car-
bonate, equal amounts of isomers a and b were obtained.
The ratios were determined from the !H nmr spectra of
the reaction mixture. For the isomers 7b-11b, the protons
O-CH,-C Hjy, | are shifted more downfield (300 MHz,
deuteriochloroform: t, 4.50-4.75 ppm) as compared to the
isomers 7a-11a (N-CH,-C, Hy,, |, t, 3.45-3.50 ppm).
Different reaction conditions were tested in order to
increase the proportion of the desired isomers a. Thus, we
decided to study the effect of solvent, temperature, and
the nature of the base on the regioselectivity of the alkyla-
tion of N-benzylpyrazolidine-3,5-diones 4-6. However, in
all the conditions investigated (dimethylformamide,
sodium hydride, room temperature; acetone, potassium
carbonate, room temperature; acetone, potassium carbon-
ate, 0°), we obtained a 1:1 mixture of isomers a and b.
Since the isomers 7a-11a and 7b-11b displayed similar Rf
values on tlc, attempts to separate them by column chro-
matography were unsuccessful. Therefore, debenzylation
was performed on the mixture of both isomers a and b.
When this deprotection was carried out in methanol, in
the presence of ammonium formate and a catalytic
amount of palladium on carbon, only the isomers a under-
went debenzylation. The remarkable resistance of isomers
b to palladium-Catalysed Transfer Hydrogenation (CTH)
seems to be a characteristic of the - unsaturated N-ben-
zyl system; indeed, similar behaviour has been previously
reported for pyridines (i.e. 1-benzylpyridine-2-one [8], 2-ben-
zylaminopyridine [9]) and pyrimidines (i.e. 6-benzylade-
nine [8]). The target compounds 12-16 were easily sepa-
rated from the reaction mixture due to their ability to form
salts in aqueous sodium hydroxide. Furthermore, the iso-
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lation of the O-alkylated isomers 7b-11b, which could not
be effected directly by resolving the mixture of the N- and
O-alkylated compounds (a and b, respectively), became
possible at the debenzylation step by extraction from the
aqueous alkaline solution. In summary, the various N-alkyl
pyrazolidine-3,5-diones 12-16 can be obtained in high
purity with simple work up procedures from the N-benzyl
precursors 4-6.
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In order to extend the scope of this method, we decided
to use the same approach for the preparation of N-alkyl
tetrahydropyridazine-3,6-diones. The syntheses of com-
pound 21 and of its regioisomer 22, six-membered ring
analogs of compound 13, are exemplified in Scheme 2.

Condensation of the diester 17 [10] with benzylhy-
drazine in the presence of sodium ethoxide resulted in the
formation of the two regioisomers 18a and 18b. These
isomers which were separated by fractional crystallization
(diethyl ether) were isolated as pure compounds with the
yields of 37% and 10% respectively. Study of the 2D nmr
HSQC and HMBC spectra allowed us to unequivocally
establish their structure. The structure elucidation was
based on the HMBC correlation between Hg and Cg¢ for
isomer 18a and Hg and C; for isomer 18b. Alkylation of
the major isomer 18a with butyl bromide in dimethylfor-
mamide, in the presence of potassium carbonate, resulted
in the formation of both isomers 19a and 19b (present in
equal amounts as deduced from the !H nmr analysis of the
reaction mixture). N-Butyltetrahydropyridazine-3,6-dione
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21 was finally obtained from the mixture of isomers by
debenzylation in methanol in the presence of ammonium
formate and a catalytic amount of palladium on carbon.
As noted previously, only the N-alkylated isomer 19a
underwent debenzylation. The same procedure has been
applied to obtain the compound 22, regioisomer of 21,
from the N-benzyl precursor 18b.

In conclusion, we have developed a new and general
method for the preparation of various N-alkyl pyrazoli-
dine-3,5-diones and N-alkyl tetrahydropyridazine-3,6-
diones. Application of this method is still under investiga-
tion. The target compounds 12-16 and 21, 22 are being
used as key intermediates for the preparation of various
molecules of potential pharmacological interest.
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EXPERIMENTAL

Melting points are uncorrected. Ir spectra were recorded on
potassium bromide pellets. 'H nmr were recorded at 80 or 300
MHz in deuteriochloroform or dimethylsulfoxide-dg. Chemical
shifts were recorded in ppm (8) and coupling constants in Hertz,
relative to tetramethylsilane as internal standard. Thin-layer
chromatography was performed on silicagel 60F,s4 plates from
E. Merck reagents and visualized by uv irradiation and/or
iodine. Starting materials were purchased from Aldrich and used
as received.

General Procedure for the Cyclocondensation of Benzylhydra-
zine with Dialkyl Malonates or Succinates.

Benzylhydrazine dihydrochloride (0.020 mole) was added to
sodium ethoxide (0.0845 g Na, 0.020 mole, in 50 ml ethanol).
After stirring at room temperature for 1 hour, the solvent was
evaporated. To a suspension of the resulting solid in dry
chlorobenzene (100 ml) was added the diester (0.024 mole) and
the mixture was heated at reflux for 12 hours. After cooling, the
solvent was removed under reduced pressure. Water (100 ml)
was added and the solution was washed with diethyl ether, acidi-
fied with 6M aqueous hydrochloric acid and extracted with ethyl
acetate. The combined organic extracts were washed with water,
dried over magnesium sulfate, and the solvent was removed to
afford the compounds 4-6, 18a, 18b, which were further purified
by recrystallization.

2-Benzyl-2,3-diazaspiro[4.4]nonane- 1,4-dione (4).

Yield 63%; mp 95° (cyclohexane); Rf 0.54 (ethy! acetate); ir v
3100, 1715, 1640 cmr!; 'H nmr (80 MHz, dimethylsulfoxide-dg)
6 1.70-2.10 (m, 8H), 4.70 (s, 2H), 7.10 (m, SH).

Anal. Calcd. for C14HgN;O,: C, 67.59; H, 6.68; N, 11.26.
Found: C, 67.95; H, 6.63; N, 11.58.

1-Benzyl-4,4-dimethylpyrazolidine-3,5-dione (5).

Yield 61%; mp 153.9° (95% alcohol); Rf 0.42 (ethyl acetate);
ir v 3090, 1740, 1655 cm-}; !'H nmr (300 MHz, deuterio-
chloroform) 8 1.28 (s, 6H), 4.71 (s, 2H), 7.30 (m, 5H).

Anal. Calcd. for C,H4N,O,: C, 60.03; H, 6.46; N, 12.83.
Found: C, 60.15; H, 6.32; N, 12.91.

1-Benzyl-4-butyl-4-methylpyrazolidine-3,5-dione (6).

Yield 35%; mp 134.6-136.8° (acetonitrile); Rf 0.58 (ethyl
acetate); ir v 3100, 1740, 1640 cm-!; 'H nmr (300 MHz,
deuteriochloroform) 8 0.85 (t, J = 7.2 Hz), 1.05-1.18 (m, 2H),
1.20-1.30 (m, 2H), 1.30 (s, 3H), 1.62-1.70 (m, 2H), 4.70 (s, 2H),
7.30 (m, SH).

Anal. Caled. for C 5HygN,0O,: C, 69.20; H, 7.74; N, 10.76.
Found: C, 69.36; H, 7.67; N, 10.77.

8-Benzyl-7,8-diazaspiro{4.5]decane-6,9-dione (18a).

Separated from the mixture 18a + 18b by fractional crystal-
lization in diethyl ether; yield 37%; mp 130.6° (acetonitrile); Rf
0.35 (hexane/ethyl acetate = 4:6); ir v 3180-3100, 1640 cm-!;
'H nmr (300 MHz, deuteriochloroform) & 1.44 (m, 2H), 1.69 (m,
4H), 1.94 (m, 2H), 2.60 (s, 2H), 4.78 (s, 2H), 7.33 (m, 5H), 9.50
(s, 1H, exchangeable with deuterium oxide); 13C nmr (300
MHz, deuteriochloroform) & 24.8, 33.7, 40.4, 45.5, 48.8, 127.9,
134.0, 164.7, 174.3.

Anal. Calcd. for CsHgN,0,: C, 69.74; H, 7.02; N, 10.84.
Found: C, 69.82; H, 6.94; N, 10.95.
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7-Benzyl-7,8-diazaspirol[4.5]decane-6,9-dione (18b).

Separated from the mixture 18a + 18b by fractional crystal-
lization in diethyl ether; yield 10%; mp 135.5° (ethyl acetate);
Rf 0.45 (hexane/ethyl acetate = 4:6); ir v 3200-3140, 1680, 1625
cm!; 'H nmr (300 MHz, deuteriochloroform) & 1.53 (m, 2H),
1.67 (m, 2H), 1.77 (m, 2H), 2.17 (m, 2H), 2.39 (s, 2H), 4.70 (s,
2H), 7.40 (m, 2H), 7.56 (m, 3H); 13C nmr (300 MHz, deuterio-
chloroform) & 24.7, 33.9, 40.4, 45.6, 47.1, 126.9, 127.0, 128.0,
128.4, 130.0, 130.2, 134.2, 139.0, 141.1, 168.5, 173.6.

Anal. Calcd. for CisHgN,O,: C, 69.74; H, 7.02; N, 10.84.
Found: C, 69.85; H, 6.89; N, 10.87.

General Procedure for the Alkylation of Compounds 4-6, 18a,
18b, and Subsequent Debenzylation.

Potassium carbonate (0.060 mole) was added portionwise to a
solution of compounds 4-6, 18a, 18b (0.020 mole) in dimethyl-
formamide (15 ml). After stirring for 1 hour, the desired alkyl
bromide was added to the reaction mixture, which was allowed
to stir for 10 hours at room temperature. Water (80 ml) was
added and the resulting suspension was extracted with ethyl
acetate. The combined organic extracts were washed with water,
dried over magnesium sulfate, and the solvent was removed to
afford the mixture of isomers (7a,b-11a,b; 19a,b; 20a,b) which
were used in the next step without further purification. To a solu-
tion of isomers (7a,b-11a,b; 19a,b; 20a,b) in methanol (50 mi)
was added successively palladium on carbon (0.20 mole) and
ammonium formate (0.10 mole). The mixture was heated at 40°
for 4 hours, cooled, and filtered through celite. The solvent was
evaporated and 1M aqueous sodium hydroxide (50 ml) was
added. The mixture was washed with diethy! ether. The com-
bined organic extracts were washed with water, dried over mag-
nesium sulfate, and the solvent was removed to afford the iso-
mers 7b-11b; 19b; 20b. The basic solution was acidified with
6M aqueous hydrochloric acid, and the mixture was extracted
with ethyl acetate. The combined organic extracts were washed
with water, dried over magnesium sulfate, and the solvent was
removed to afford compounds 12-16, 21, 22.

2-Propyl-2,3-diazaspirol[4.4]nonane-1,4-dione (12).

Yield 44% from 4; Rf 0.32 (ethyl acetate); ir v 3100, 1740,
1660 cm-!; 'H nmr (300 MHz, deuteriochloroform) § 0.93 (t, J =
7.5 Hz, 3H), 1.67 (m, 2H), 1.91 (m, 2H), 2.03 (m, 6H), 3.56 (t,} =
7.5 Hz, 2H).

Anal. Calcd. for C1gH gN,O,: C, 61.20; H, 8.21; N, 14.27.
Found: C, 61.37; H, 8.12; N, 14.36.

2-Butyl-2,3-diazaspirol[4.4]nonane-1 4-dione (13).

Yield 45% from 4; Rf 0.51 (ethyl acetate); ir v 3100, 1720,
1650 cm-1; H nmr (300 MHz, deuteriochloroform) § 0.90 (t, J =7.2
Hz, 3H), 1.00-1.80 (m, 4H), 2.00 (m, 8H), 3.55 (t, J = 6.7 Hz, 2H).

Anal. Calcd. for C“H]gNzOZ: C, 62.83; H, 862, N, 13.32.
Found: C, 62.97; H, 8.53; N, 13.44.

2-Pentyl-2,3-diazaspirol[4.4]nonane- 1 ,4-dione (14).

Yield 40% from 4; Rf 0.63 (ethyl acetate); ir v 3100, 1735,
1660 cm-!; 'H nmr (300 MHz, deuteriochloroform) & 0.93 (t, J =
7.1 Hz, 3H), 1.30 (m, 4H), 1.62 (m, 2H), 1.88 (m, 2H), 1.97 (m,
6H), 3.58 (t, J] = 6.9 Hz, 2H), 10.13 (s, 1H, exchangeable with
deuterium oxide).

Anal. Calcd. for CyHpoN,0,: C, 64.25; H, 8.98; N, 12.48.
Found: C, 64.11; H, 9.06; N, 12.32,
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1-Butyl-4,4-dimethylpyrazolidine-3,5-dione (15).

Yield 42% from 5; Rf 0.36 (hexane/ethyl acetate = 6:4); ir v
3140, 1740, 1660 cm-1; 1H nmr (300 MHz, deuteriochloroform)
8 0.97 (t, J = 7.3 Hz, 3H), 1.36 (m, 8H), 1.68 (m, 2H), 3.65 (t,J =
7.3 Hz, 2H).

Anal. Calcd. for CgH gN,O,: C, 58.67; H, 8.75; N, 15.20.
Found: C, 58.75; H, 8.66; N, 15.31.

1,4-Dibutyl-4-methylpyrazolidine-3,5-dione (16).

Yield 42% from 6; Rf 0.26 (hexane/ethyl acetate = 6.4); ir v
3100, 1740, 1670 cm-!; 'H nmr (80 MHz, deuteriochloroform) &
0.80 (t, ] = 7.2 Hz, 3H), 0.83 (t, ] = 7.4 Hz, 3H), 1.10-1.31 (m,
8H), 1.20 (m, 3H), 1.50-1.70 (m, 2H), 3.60 (t, J = 7.2 Hz, 2H).

Anal. Caled. for Cj,HyN,0p: C, 63.68; H, 9.79; N, 12.37.
Found: C, 63.80; H, 9.67; N, 12.49.

7-Butyl-7,8-diazaspiro{4.5]decane-6,9-dione (21).

Yield 41% from 18a; Rf (.38 (hexane/ethyl acetate = 4:6); ir
v 3160, 1685, 1635 cm-!; 1H nmr (300 MHz, deuterio-
chloroform) & 0.87 (t, ] = 7.3 Hz, 3H), 1.22 (m, 2H), 1.42-1.80
(m, 8H), 2.10 (m, 2H), 2.48 (s, 2H), 3.64 (t, J = 7.3 Hz, 2H),
10.26 (s, 1H, exchangeable with deuterium oxide).

Anal. Calcd. for CipHyoN,0,: C, 64.25; H, 8.98; N, 12.48.
Found: C, 64.55; H, 9.07; N, 12.56.

8-Butyl-7,8-diazaspiro[4.5)decane-6,9-dione (22).

Yield 43% from 18b; Rf 0.11 (heptane/ethyl acetate = 3:7); ir
v 3145, 1670, 1633 cm-!; 'H nmr (300 MHz, deuteriochloro-
form) 8 0.95 (t, J = 7.2 Hz, 3H), 1.35 (m, 2H), 1.65 (m, 8H),
2.10 (m, 2H), 2.55 (s, 2H), 3.63 (t, J = 7.6 Hz, 2H), 9.70 (s, 1H,
exchangeable with deuterium oxide).

Anal. Caled. for C;,HygN,0,: C, 64.25; H, 8.98; N, 12.48.
Found: C, 64.39; H, 9.10; N, 12.66.

2-Benzyl-4-propyloxy-2,3-diazaspiro[4.4]non-3-en-1-one (7b).

Yield 43% from 4; Rf 0.75 (hexane/ethyl acetate = 6:4); ir v
1700, 1600 cm-!; 'H nmr (300 MHz, deuteriochloroform) & 1.02
(t, ] = 7.4 Hz, 3H), 1.78 (m, 2H), 1.91 (m, 8H), 4.02 (t, ] = 6.6
Hz, 2H), 4.72 (s, 2H), 7.40 (m, 5H).

Anal. Calcd. for C7Hy3N,0O5: C, 71.30; H, 7.74; N, 9.78.
Found: C, 71.04; H, 7.77; N, 9.66.

2-Benzyl-4-butyloxy-2,3-diazaspiro[4.4]non-3-en-1-one (8b).

Yield 45% from 4; Rf 0.71 (hexane/ethyl acetate = 6:4); ir v
1700, 1600 cm-!; 'H nmr (300 MHz, deuteriochloroform) & 0.92
t, J =7.4 Hz, 3H), 1.22-1.66 (m, 4H), 1.96 (m, 8H), 4.09 (t,] =
6.5 Hz, 2H), 4.78 (s, 2H), 7.29 (m, 5H).

Anal. Calcd. for C|8H24N202: C, 7197, H, 805, N, 9.32.
Found: C, 72.10; H, 8.15; N, 9.42.

2-Benzyl-4-pentyloxy-2,3-diazaspiro[4.4]non-3-en-1-one (9b).

Yield 41% from 4; Rf 0.79 (hexane/ethyl acetate = 6:4); ir v
1700, 1600 cr-!; 1H nmr (300 MHz, deuteriochloroform) & 0.90
(t, J = 7.2 Hz, 3H), 1.30 (m, 4H), 1.65 (m, 2H), 1.95 (m, 8H),
4.10 (t, J = 6.7 Hz, 2H), 4.75 (s, 2H), 7.20 (m, 5H).

Anal. Calcd. for CjgHygN,O,: C, 72.58; H, 8.33; N, 8.91.
Found: C, 72.67; H, 8.20; N, 9.04.

2-Benzyl-5-butyloxy-4,4-dimethylpyrazolidine-3-one (10b).

Yield 43% from 5; Rf 0.52 (hexane/ethyl] acetate = 6:4); ir v
1700, 1600 cm!; 'H nmr (80 MHz, deuteriochloroform) § 0.90
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(t, J = 7.3 Hz, 3H), 1.30 (m, 8H), 1.67 (m, 2H), 4.10 (t, ] = 6.6
Hz, 2H), 4.75 (s, 2H), 7.30 (m, 5H).

Anal. Calcd. for C1gH2oN,O5: C, 70.04; H, 8.08; N, 10.21.
Found: C, 70.15; H, 7.97; N, 10.36.

1-Benzyl-4-butyl-3-butyloxy-4-methylpyrazolidine-5-one (11b).

Yield 45% from 6; Rf 0.78 (hexane/ethyl acetate = 6:4); ir v
1710, 1610 cm-!; 'H nmr (80 MHz, deuteriochloroform) & 0.79
(m, 6H), 0.84-1.00 (m, 8H), 1.25 (s, 3H), 1.59 (m, 2H), 4.12 (t,J =
6.7 Hz, 2H), 4.75 (s, 2H), 7.31 (m, SH).

Anal. Calcd. for C;gH,5N>0,: C, 72.11; H, 8.92; N, 8.85.
Found: C, 72.43; H, 9.06; N, 9.01.

8-Benzyl-6-butyloxy-7,8-diazaspiro[4.5]dec-6-en-9-one (19b).

Yield 43% from 18a; Rf 0.53 (hexane/ethyl acetate = 6:4); ir
v 1660, 1620 cm-!; 'H nmr (80 MHz, deuteriochloroform) &
0.91 (t, J = 7.3 Hz, 3H), 1.35 (m, 2H), 1.47-1.70 (m, 8H), 1.90
(m, 2H), 2.45 (s, 2H), 4.00 (t, J = 6.4 Hz, 2H), 4.80 (s, 2H), 7.30
(m, SH).

Anal. Caled. for C1gH6N,0,: C, 72.58; H, 8.33; N, 8.90.
Found: C, 72.74; H, 8.20; N, 8.95.

7-Benzyl-9-butyloxy-7,8-diazaspiro{4.5]dec-8-en-6-one (20b).

Yield 46% from 18b; Rf 0.43 (heptane/ethyl acetate = 8:2); ir
v 1668, 1645 cm!; 'H nmr (300 MHz, deuteriochloroform) &
0.91 (t, J = 7.3 Hz, 3H), 1.36 (m, 2H), 1.63 (m, 8H), 2.07 (m,
2H), 2.40 (s, 2H), 4.01 (t, J = 6.5 Hz, 2H), 4.81 (s, 2H), 7.27 (m,
5H).

Anal. Calcd. for C1gHygN,0,: C, 72.58; H, 8.33; N, 8.90.
Found: C, 72.31; H, 8.15; N, 9.04.
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