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Abstract 
Reaction of diketene with N-substituted hydrazones of aldehydes and sterically crowded 
ketones leads to the corresponding N-acetoacetylhydrazones. With hydrazones of other 
ketones, this reaction yields cyclic isomers of N-acetoacetylhydrazones, namely, 2,5,5-
trisubstituted 4-acetylpyrazolidin-3-ones. The products where characterized by 1H and 13C 
NMR and electron ionization (EI) mass spectrometry. The EI mass spectra of the latter 
compounds and those of linear N-acetoacetylhydrazones show that in the gas phase their 
molecular ions attain predominantly similar forms as the respective neutral compounds in 
solutions. The mass-spectrometric fragmentation of both forms is characterized by 
retrosynthetic cleavages with the loss of neutral acetylketene. The imines produced from 2,5,5-
trisubstituted 4-acetyl-3-pyrazoli-dinones and primary amines predominantly exist in solutions 
in the enamine form. The EI mass spectra of these condensation products show that in the gas 
phase their molecular ions exist as pyrazolidinones. Characteristic fragmentation paths under 
the EI conditions include the pyrazolidine ring cleavages at the N1-C5 and C3-C4 bonds, with 
the positive charge mainly localized in the enamine moiety. There is no evidence for ring-chain 
isomerism of the compounds studied. 
 
Keywords: Diketene, alkylidenehydrazides, N-acetoacetylhydrazones, 4-acetylpyrazolidin-3-
ones, NMR, mass spectrometry 
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Diketene is a useful synthon for heterocyclic chemistry. Its reactions with bifunctional 
nucleophiles, such as hydrazine derivatives, provide a method for the construction of the 
pyrazole ring.1 Among the reactions of this type, diketene interaction with hydrazones is of 
particular interest, but it has previously been carried out only with phenylhydrazones.2 Thus, 
phenylhydrazones of aldehydes were reported2 to produce N-phenyl-N-acetoacetylhydrazones, 
whereas phenyl-hydrazones of ketones produced 5,5-disubstituted 4-acetyl-2-
phenylpyrazolidin-3-ones. It was found later3 that both types of reaction products are capable of 
prototropic transformations and configurational isomerism in solution. Furthermore, the 
activated carbonyl group of these heterocyclic products has previously been subjected to 
hydrogenation and acetylation reactions,1 but not to the attack of nitrogen nucleophiles. To fill 
up this gap, we allowed a typical compound, 2,5-diphenyl-5-methyl-4-acetylpyrazolidin-3-one, 
to react with amines and hydrazines. In the present paper, the scope and synthetic utility of 
diketene reactions with hydrazones are systematically investigated, and product structures 
determined by spectroscopic methods. 
 
 
Results and Discussion  
 
NMR 
It was found that diketene 1 reacts with unsubstituted hydrazones of ketones 2a or 2b in a 1:2 
ratio to form the corresponding 3-(alkylidenehydrazono)butyric acid alkylidenehydrazides 3a 
or 3b, respectively (Scheme 1 and Table 1). Formation of 1:1 adducts could not be achieved by 
varying the experimental conditions (such as the mixing order and ratios of the reagents, 
solvents, and temperatures). This reaction course is typical of 1-substituted and 1,1-
disubstituted hydrazine derivatives1 including semicarbazide.4 The NMR spectra of compounds 
3 exhibit complex sets of signals corresponding to two azine forms, A and A′. Their existence 
is most probably due to geometrical isomerism with respect to one of the C=N bonds and to 
interconversion with two tautomeric forms, B and B′, one of which is stabilized by an 
intramolecular hydrogen bond (IMHB). Each of these forms can exist as four E/Z isomers at the 
C=N bonds in the ketone residue, which accounts for the complexity of the spectra. The signals 
were assigned using previously established criteria.5 Thus, the E-isomer was found to dominate 
over the Z-isomer in hydrazidoazines 3 because the methyl groups signals for the E-isomer 
should be shifted upfield as compared to those of the Z-isomer, whereas the signals of the 
methylene groups should be downfield. In the enamine forms B and B′, the chemical shifts of 
the enamine NH signals are vastly different because the one which takes part in IMHB is 
shifted to ≈12 ppm. Signals in the downfield spectral range were assigned based on the 
correspondence between the intensities of the NH group signals and those of the other groups. 
 

Table 1. 1H NMR chemical shifts in ppm for hydrazidoazines 3a and 3b in CDCl3

Compd. Form(s) % 2R CH3  CH2 CH= NHC(O) NHC=C 
NHC=C 
(IMHB) 
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3a 28 3.22 br.s  10.35 br.s   
 

A and A′ 
12 3.14 br.s - 9.86 br.s - - 

 36 - 6.07 br.s not detd. not detd. not detd. 
 

B and B′ 
24 

2.13 - 2.67 m  

- 6.16 br.s not detd. not detd. not detd. 

3b A or A′ 35 
2.95 - 
3.15 m  

- 10.38 m - - 

 46 - 
 

12.56 
br.s  

- 

 

B and B′ 

19 

7.2 - 
8.1 m  

2.05 - 
2.48 m  

- 

5.77 - 
6.02 m  

9.1 - 9.2 
m  

12.12 
br.s  

17.92 br.s  

 
 

 
 
Scheme 1 
 

With N-alkyl- and N-arylhydrazones 2c-u, the 1:1 condensation products were readily 
obtained in satisfactory yields (Scheme 2) in all cases except methylhydrazones of 
acetaldehyde and acetone. Diketene reacted with these two hydrazones to form complex 
mixtures, from which individual components could not be isolated or identified. 
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Scheme 2 
 

Reactions of diketene 1 with hydrazones of aldehydes 2c-i and sterically crowded ketones 
(pinacolone and benzophenone) 2j-l gave the corresponding N-substituted N-
acetoacetylhydrazones 4c-i and 4j-l, respectively. According to the 1H and 13C NMR spectra 
(Tables 2 and S1-S3, see Supporting Information section), the structural features of these 
compounds are characteristic of acetoacetic acid amides.6 There are two sets of signals in the 
spectra of 4 in DMSO-d6 and CDCl3. One of these sets includes a proton signal from a 
hydrogen-bonded enolic hydroxyl group (form B). The aldehyde derivatives were found to 
contain up to 11% of the enol form B. The fraction of this form increases to 30% for the ketone 
derivatives. 
 
Table 2. 1H NMR chemical shifts (in ppm) and coupling constants (Hz, in parentheses) of N-
acetoacetylhydrazones 4 in CDCl3. 13C NMR results in CDCl3 and 1H NMR and 13C NMR 
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results in DMSO-d6 are presented in the Supporting Information section (Tables S1-S3, 
respectively) 

Compd. Form % R1 R2 R3 CH3CO, 
s 

CH3C(OH) CH2, s CH=C OH, br.s 

4c A 100 6.86 t 
(4.5) 

0.82 t (7.4), 
2.06 dq (4.5, 

7.4) 

2.93 s 1.95 - 3.53 - - 

4d A 94 7.27 7.3-7.6 3.27 s 2.19 - 3.86 - - 
 B 6   3.24 s - 1.96 - 6.15 13.79 

4e A 95 6.82 d 
(4.5) 

0.86 d (6.6), 
2.28 m 

5.03 s, 
7.0-7.3 m

2.17 - 3.65 - - 

 B 5 6.87 d 
(4.6) 

0.92 d (6.8), 
2.28 m 

5.18 s, 
7.0-7.3 m

- 1.94 3.98 6.12 13.90 

4f A 94 7.65 7.2-7.6 m 5.30 s, 
7.2-7.6 m

2.36 - 4.10 - - 

 B 6 7.68   - 2.13 - 6.37 13.87 
4g A 94 7.60 3.78 s 

(CH3O),  
6.8-7.5 m 

5.26 s, 
6.8-7.5 m

2.33 - 4.05 - - 

 B 6 7.63   - 2.10 - 6.34 13.91 
4h A 90 7.30 7.1-8.3 m 5.30 s, 

7.1-8.3 m
2.35 - 4.12 - - 

 B 10 not 
detd. 

  - 2.14 - 6.29 13.68 

4i A 89 6.24 br. 
s 

6.8-7.6 m (Ar), 3.78 s 
(MeO) 

2.35 - 4.07 - - 

 B 11 6.59 br. 
s 

 - 2.08 - 6.59 13.84 

4j A 96 1.73 0.97 1.84 2.00 - 2.91 - - 
 B 4 1.65 1.03 1.83 - 2.08 - 6.00 13.96 

4k A 70 1.01 1.58 4.71 s, 
7.1-7.3 m

2.09 - 3.30 - - 

 B 30 1.07 1.55 4.60 s, 
7.1-7.3 m

- 1.94 - 6.22 14.39 

4l A 90 6.9-7.5 
m 

6.9-7.5 m 4.59 s, 
6.9-7.5 m

2.18 - 3.97 - - 

 B 10   - 2.00 - 5.75 14.26 

The interaction of diketene 1 with N-alkyl- and N-arylhydrazones of less-crowded ketones 
gives the corresponding 2,5,5-trisubstituted 4-acetylpyrazolidine-3-ones 5m-u (Scheme 2). 
According to their 1H and 13C NMR spectra (Tables 3, 4 and S4, S5, respectively), these 
compounds contain a set of four cyclic tautomers including two diastereoisomers C and C′ and 

ISSN 1551-7012 Page 98 ©ARKAT USA, Inc 



Issue in Honor of Prof. Gábor Bernáth ARKIVOC 2003(v) 94-113 

two enol forms D and D′. The form C dominates and form D′ is only manifested in polar 
solvents, evidently as a result of stabilization due to solvation effects. For compounds 5s and 5t 
in DMSO-d6, D′ prevails over D due to the solvent′s ability to form intermolecular hydrogen 
bonds that destabilizes the formation of D. 
 
Table 3. 1H NMR chemical shifts in ppm and coupling constants in Hz (in parentheses) of 
2,5,5-trisubstituted 4-acetyl-3-pyrazolidinones 5 in CDCl3. 13C NMR results in CDCl3 are 
presented in the Supporting Information section (Table S4) 

Compd Form % R1 R2 R3 CH3CO, 
s 

CH3C(OH), 
s 

CH2, 
s 

CH=C, 
s 

OH, 
br.s 

4c A 97 7.21 t 
(4.5) 

1.03 t 
(7.4), 2.27 

dq 
(4.5,7.4) 

3.12 2.16 - 3.74 - - 

 B 3 7.29 t 
(4.7) 

1.08 t 
(7.5), 2.31 

dq 
(4.7,7.5) 

3.16 - 1.94 - 6.01 14.00

4d A 96 7.35 7.4-7.8 m 3.32 2.22 - 3.96 - - 
 B 4 7.36  3.33 - 2.08 - 6.27 14.00

4e A 94 7.02 d 
(4.4) 

0.91 d 
(6.7) 

5.11 s, 7.2-
7.4 m 

2.21 - 3.91 - - 

 B 6 7.15 d 
(4.4) 

0.96 d 
(6.8) 

5.16 s, 7.2-
7.4 m 

- 1.99 - 6.14 14.03

4g A 96 7.77 3.76 s 
(OMe), 

6.9-7.6 m 

5.26 s, 6.9-
7.6 m 

2.28 - 4.07 - - 

 B 4 7.82  5.30 s, 6.9-
7.6 m 

- 2.07 - 6.35 14.00

4h A 90 7.33 7.1-8.3 m 5.29 s, 7.1-
8.3 m 

2.30 - 4.16 - - 

 B 10 not 
detd. 

  - 2.08 - 6.38 13.05

4i A 90 7.01 7.2-7.7 m 
(Ar), 3.78 
s (OMe) 

7.2-7.7 m  2.29 - 4.11 - - 

 B 10 6.92   - 2.07 - 6.42 13.21
4j A 95 1.86 1.10 1.90 2.08 - 2.95 - - 
 B 5 1.84 1.06 Not detd. - 2.02 - 6.24 14.48

4l A 93 6.9-
7.6 m 

6.9-7.6 m 4.45 s, 6.9-
7.6 m 

2.11 - 3.96 - - 
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 B 7    - 1.92  5.63 14.32
 

Table 4. 13C NMR chemical shifts (in ppm) of 2,5,5-trisubstituted 4-acetyl-3-pyrazolidinones 5 
in DMSO-d6. 13C NMR results in DMSO-d6 are presented in the Supporting Information 
section (Table S5) 

Compd. Form R1 R2 R3 CH3 CH2 CH=C C=N CH3C(OH) 
N-

C(O) CH3CO
4c A - 10.8, 26.2 30.2 27.3 50.1 - 144.8 - 168.7 202.2 
4d A - 126-136 30.3 28.0 50.7 - 140.7 - 169.3 202.3 

 B -  27.4 22.4 - 87.3 139.9 192.7 172.7 - 

4e A - 19.9, 30.5 
44.3, 126-

135 32.0 50.8 - 149.9 - 169.5 202.1 

 B - 22.3, 30.6 
43.8, 126-

135 22.2 - 88.7 not detd. 188.7 173.1 - 

4f A - 126-135 
45.1, 126-

135 30.5 51.0 - 141.6 - 169.8 202.1 

 B -  
44.5, 126-

135 22.6 - 88.8 not detd. 194.0 176.2 - 

4g A - 
55.7, 126-

136 
45.0, 126-

162 30.4 51.1 - 141.4 - 169.6 202.2 

 B -  
44.5, 126-

162 22.5 - 88.9 140.7 189.5 173.2 - 

4h A - 124-141 
45.5, 124-

149 30.5 50.9 - 140.5 - 169.9 201.7 

 B -  
44.8, 121-

149 22.6 - 88.5 141.0 186.0 177.2 - 

4i A - 
55.0, 113-

168 113-161 29.6 50.6 - 142.2 - 168.5 201.5 
 B -   21.8 - 88.4 not detd. 175.6 172.0 - 

4j A 14.9 27.9 50.3 30.0 51.9 - 167.5 - 183.8 202.1 
 B 14.0  50.1 21.0 - 87.1 not detd. 174.7 185.6 - 

4k A 15.3 28.0 
50.8, 127-

137 30.2 51.4 - 166.4 - 185.9 202.1 

 B 14.5  
50.5, 127-

137 22.3 - 87.8 not detd. 184.0 187.2 - 

4l A 127-139 
49.0, 127-

139 31.1 51.2 - 162.4 - 170.8 202.5 

 B  
49.2, 127-

139 22.4 - 89.3 not detd. 190.9 175.7 - 
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Stereoisomer C should be more abundant than C′ because of trans-arrangement of the 
bulky substituents in positions 4 and 5. Since the hydroxyl group of D participates in the 
hydrogen bond, its signal should resonate in a lower field. The integral intensities were 
analysed in order to assign the rest of the signals. Variation of the sample concentration (e.g. 
for 5s) in DMSO-d6 solution did not affect the OH signal at 12.35 ppm, confirming its 
involvement in an IMHB. According to the NMR spectra, increasing the solution temperature 
to 50°C leads to a relative increase in the content of forms C′ and D over that of form C. At the 
same time the fraction of D′ decreases, probably because the stabilizing solvation effect 
becomes weaker. It should be noted that the NH and CH3 signals of the form C in compound 5s 
(R2 = R3 = Ph) are resolved into two closely spaced singlets with approximately equal 
intensities. This phenomenon probably indicates a conformational ring rearrangement. The 
assignments for each of the “keto” forms C and C′ of 5s are in agreement with the NOESY 
data. The quantitative information obtained from the nuclear Overhauser effect suggests that 
the minor set of signals in one of these forms (C′) corresponds to the configuration with cis-
arrangement of the phenyl and acetyl groups, whereas the major set of signals corresponds to 
the trans-configuration. Information about exchange processes indicates that mutual 
transformations exist between forms C, C′ and D′. No exchange of form D with the other forms 
was observed using 1 sec of mixing time. This indicates a sufficiently high barrier of 
isomerization from C and C′ to D. Note also that it takes several days for the tautomeric 
equilibria to be established both in hydrazones 4 and in their cyclic isomers 5. At the moment 
of dissolving the sample, only one tautomeric form was present in each case, namely, A for 
hydrazones 4 and C (or C′) for the cyclic derivatives 5. 
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6, 7: (a) R1=H, R 2=Me; (b) R1=Me, R 2=Me; (c) R1=Me, R2=Ph.
 

 
Scheme 3 
 

In order to expand the synthetic scope of the reaction studied, the action of diketene 1 on 
oximes 6a-c was subsequently studied. The reaction yielded trans-O-acetoacetyloximes 7a-c 
(Scheme 3, Tables 5 and S6). Compounds 7 exist in solutions in two forms, A and B. In a less 
polar solvent, the fraction of the enolized form B increases. This behaviour is typical of 
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acetoacetic esters.5 Since the starting oximes all exist as trans-isomers, additional signals in the 
NMR spectra of their derivatives 7 were assigned to the enol form B with an IMHB. 

The reaction of 5,5-dimethyl-2-isopropyl-4-acetyl-pyrazolidin-3-one (5n) and 2,5-diphenyl-
5-methyl-4-acetyl-pyrazolidin-3-one (5s) with amines 8a-h (Scheme 4) produced the 
corresponding amine derivatives 9a-h in high yields (70-90%). According to the 1H NMR 
spectra (Tables 6 and S7), compounds 9 exist as enamine tautomers B stabilized by IMHB. 
This conclusion follows from the following data. There is only one set of signals in each of the 
1H NMR spectra, with the integral intensity corresponding to the number of protons in the 
molecule. The H(4) signal in the range of 3.2-4.2 ppm is missing, but there is a signal within 9-
11 ppm assignable to the amine proton bound by the side-chain nitrogen atom. The NH-proton 
in B takes part in a hydrogen bond and therefore its signal is considerably shifted downfield. 
The NMR data on compounds 9 are in complete agreement with the modern concepts about the 
structure of imines of β-ketoamides to which group these compounds belong.2

 

NH
N

CH3
R1 H

CH3
O

R2

O

NH
N

CH3
R1 H
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Scheme 4 
 

In principle one cannot rule out the possibility of compounds 9 existing (if only partially) as 
linear hydrazones C. However, no indication of this form has been observed in solutions. In 
order to find out whether the open-chain isomers of 9 can possibly exist in the gas phase, their 
mass spectra were also investigated. 
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Table 5. 1H NMR chemical shifts in ppm and coupling constants in Hz (in parentheses) of O-
acetoacetyloximes (7) in CDCl3. 1H NMR results in DMSO-d6 are presented in the Supporting 
Information section (Table S6) 

Compound Forms % R1 R2 CH3CO, s CH2, s CH, s OH, s 
7a A 70 7.89, q (6.2) 2.05, d (6.2) 2.32 3.68 - - 

 B 30 7.38, q (6.6) 2.13, d (6.6) 2.22 - 5.37 11.92 
7b A 85 1.97 s 1.96 s 2.25 3.70 - - 

 B 15 2.03 s 1.94 s 2.23 - 5.04 12.01 
7c A 75 2.58 s 7.49-8.10 m 2.53 3.96 - - 
 B 25   2.35 - 5.85 12.09 

 
Table 6. 1H NMR chemical shifts in ppm and coupling constants in Hz (in parentheses) of 
imines (9) of 2,5,5-trisubstituted 4-acetylpyrazolidin-3-ones in CDCl3. 1H NMR results in 
DMSO-d6 are presented in the Supporting Information section (Table S7) 

Compd. Form % 
CH3, 

s 
R1 R2 R3 CH3C(sp2), 

s 
NH(1), 

s 
NH-R3

9a B 100 
1.10 s, 
1.14 s 

1.02 d 
(6.5), 

4.12 sept 
(6.5) 

2.98 d (6.2) 1.82 4.39 9.10 m 

9b B 100 1.59 6.7-7.9 m 2.90 d (5.1) 1.80 4.39 9.07 m 

9c B 100 1.59 6.9-7.9 m 
0.97 t (7.4), 1.21 d 
(6.4), 1.55 m, 3.44 

d·sext (6.4, 9.1) 
1.80 4.36  

9.06 d 
(9.1) 

9d B 100 1.61 7.0-8.0 m 4.46 d (6.3), 7.0-8.0 m 1.84 4.44 9.60 m 

9e B 100 1.58 7.0-7.9 m 

3.84 m [C(sp3)H2], 5.16 
m (CH)  

5.35 and 5.92 m 
[C(sp2)H2] 

1.81 4.40 9.24 m 

9f B 100 1.66 7.0-7.9 m 7.0-7.9 m 1.84 4.47 10.99 s 
9g B 100 1.56 6.8-8.0 m 3.80 s (MeO), 6.8-8.0 m 1.84 4.36  10.80 s 
9h B 100 1.84 7.0-8.2 m 7.0-8.2 m 1.87 4.54 11.58 s 

 
Mass spectrometry 
The mass spectrometry of 4-acetylpyrazolidine-3-ones has not yet been systematically studied. 
An earlier report7 concluded that the molecular ions of 4-(thio)benzoyl-1-phenylpyrazole-5-one 
predominantly exist in the hydroxy form (Scheme 5). A similar structure was assigned to M+• 
of the 4-acetyl derivative (Scheme 5). The electron impact-induced fragmentation of this 
compound included heterocycle cleavages with the loss of the neutral acetylketene molecule 
and the formation of [M − H2O]+ ions as a result of the ortho-effect.8
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Scheme 5. Mass-spectrometrical fragmentation of aromatic 1-phenylpyrazolines (Refs. [7, 8]). 
 

The mass spectra of some typical compounds 4 and 5 are listed in Table 7. The even-
electron [M − H]+ cations in the spectra of 5 are considerably less intensive (<5% rel. int.) than 
in the previously studied aromatic pyrazolones.7 All the compounds produce abundant acetyl 
cations. Noteworthy in the spectra of compounds 4 is the “retrosynthetic” cleavage of the 
hydrazide C−N bond producing C4H5O2

+ cations (1-3% of the total ion current, TIC) and the 
complementary [M − C4H4O2]+• ions (A+•, Table 8) which subsequently lose either a hydrogen 
atom or the R3 substituent. Fragmentation through the N−N bond cleavage is less intensive. The 
aromatic ring substituents also affect the overall fragmentation. Thus, the nitro group in 4h both 
destabilizes the M+• ions and decreases the relative contribution of A+• ions (and their daughter 
ions) to the TIC as compared to other compounds (Table 8). Peaks of (A − R3)+ ions are absent 
from the spectrum of 4i (R3=Ph). 
 
Table 7. The 70-eV EI mass spectra of selected compounds 4 and 5. Peaks of ions with m/z > 
40 and relative intensity  10% are listed ≥

Compd. m/e (rel. int., %) 
4g 

 
4h 
4i 
4l 
 

5q 
 

5r 
 

5s 
 

5t 
 

5u 

325(14) 34(M, 65) 240(41) 239(13) 191(11) 190(15) 149(38) 148(24) 135(23) 134(19) 
120(18) 107(14) 106(100) 92(11) 91(84) 77(16) 43(47) 
339(M, 14) 255(20) 190(38) 106(35) 91(100) 89(10) 85(11) 43(39) 
310(M, 40) 227(17) 226(100) 225(35) 93(12) 91(13) 77(13) 43(21) 
371(14) 370(M, 51) 293(11) 287(22) 286(100) 285(20) 266(10) 196(10) 195(66) 190(39) 
180(15) 167(10) 166(26) 165(55) 106(26) 92(10) 91(40) 77(17) 43(22) 
233(14) 232(M, 94) 217(17) 175(51) 149(10) 148(100) 133(14) 107(11) 99(13) 92(10) 
83(20) 77(14) 55(10) 43(18) 
247(11) 246(M. 70) 217(26) 189(12) 176(11) 175(100) 162(48) 93(12) 77(16) 43(23) 
295(11) 294(M, 53) 279(22) 237(23) 211(16) 210(100) 209(47) 145(25) 118(10) 117(11) 
115(14) 91(16) 77(27) 43(26) 
340(15) 339(M, 72) 324(27) 282(26) 256(17) 255(100) 254(20) 238(13) 217(12) 208(12) 
190(14) 116(10) 115(17) 91(11) 85(11) 77(24) 43(32) 
340(10) 339(M, 51) 324(41) 282(19) 262(16) 256(16) 255(100) 254(36) 238(22) 208(14) 
145(23) 77(10) 43(15) 
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Some of the characteristic fragment ions for compounds 5q-u are listed in Table 9. The 
base peaks in all these spectra (except 5r) correspond to [M − C4H4O2]+• ions (B+•) formed as a 
result of the pyrazolidine ring cleavage with the loss of neutral acetylketene. In spite of their 
identical composition, the [M − C4H4O2]+• ions formed from compounds 4 and 5 obviously 
differ in structure (hence the A and B notation). This is indicated by either low intensity or the 
total absence of (B − R3) daughter ions in contrast to (A − R3) ions. The subsequent 
fragmentation of [M − C4H4O2]+• via a hydrogen loss is more characteristic of 3-arylsubstituted 
compounds 5. Moreover, metastable transitions corresponding to the direct formation of [M − 
C4H5O2]+ from M+• could not be detected. As a rule, substituents in position 3 are lost as 
neutral species, with the positive charge remaining in the heterocycle. In contrast, peaks of [M 
− CH3CO]+ ions have low intensity. Further fragmentation of [M − R]+ ions is accompanied by 
ketene loss, which leads to [M − C3H5O]+ ions in the case of R = Me. 
 
Table 8. Abundances of characteristic ions (% TIC) in the 70-eV EI mass spectra of selected 
N-acetoacetylhydrazones 4 

Compound M+•
[M–C4H4O2]+ • 

= A+•
(A – 
H)+

(A – 
R3)+ R1R2CN+ R3NCOCH2Ac+ C7H7

+ Ac+

4g 10.5 5.3 1.7 4.9 2.5 1.9 10.9 6.1 
4h 4.1 4.7 0.6 1.4 -- 8.8 26.0 11.2 
4i 13.0 26.2 9.1 -- 1.3 -- -- 5.5 
4l 9.0 13.5 2.7 8.9 2.0 5.3 5.4 2.9 

 
Table 9. Relative abundances of characteristic ions (% TIC) in the 70-eV EI mass spectra of 
selected 4-acetyl-1-phenylpyrazoline-3-ones 5 

Compd. M+•

[M–
R1]+ = 
(M–
Me) 

[M–
R2]+

[M–R1–
CH2CO]+

[M–R2–
CH2CO]+

[M–C4H4O2]+• 
= B+•

[B+•–
H]+ R1R2C3OH+ Ac+

5q 18.4 2.9 8.6 16.8 1.0 3.4 3.1 
5r 12.6 0.5 4.0 1.9 15.5 7.5 0.3 1.5 3.6 
5s 10.2 3.6 1.5 3.7 0.9 16.1 7.6 4.0 4.2 
5t 12.2 3.8 1.6 3.6 1.2 13.9 2.7 2.0 4.4 
5u 10.0 6.7 2.6 3.2 0.6 16.3 5.9 3.7 2.4 
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Scheme 6. Specific fragmentation paths of compounds 5q-u under EI. 
 

Direct formation of [M − C3H5O]+ from M+•, which might indicate the existence of M+• in 
the form of linear acetoacetylhydrazones (Scheme 6) was confirmed by metastable transitions 
only in two cases, 5q and 5t. The relatively stable R1R2C3OH+ ions (Scheme 6) are of special 
interest. They are always formed in two steps via two alternative routes. One is the loss of 
PhN2H from rather unstable [M − CH3CO]+ ions, and the other involves the loss of ketene from 
[M − PhN2H2]+ ions. Both fragmentation routes are somewhat unexpected because the 
phenylhydrazine moiety is lost as a neutral particle, although the PhN2CMe+ and PhN2

+ ions are 
known to be quite abundant in the mass spectrum of a closely related compound, 3-methyl-1-
phenylpyrazole-5-one.8 Most importantly, the formation of R1R2C3OH+ ions is an irrefutable 
evidence for the cyclic structure of M+• of compounds 5 (Scheme 6). The clear differences in 
the mass-spectrometric fragmentation of compounds 4 and 5 under EI show that their 
molecular ions exist predominantly in the same form (linear acetoacetylhydrazones and 
pyrazolidinones, respectively) as the corresponding neutral compounds in the condensed phase. 
In other words, the ring-chain isomerisation does not take place in the gas phase. 
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The dual course of the diketene reaction with hydrazones, namely, the formation of linear 4 and 
cyclic 5 products is especially noteworthy, since these compounds are structurally similar to a 
number of other functionally substituted hydrazones which are capable of ring-chain 
tautomerism.9 By analogy, this tautomerism could also be expected to take place in compounds 
4 and 5. It stands to reason that promoting proton abstraction from the α-position of the 
acetoacetyl group (in the linear derivatives 4) or from the nitrogen atom (in the cyclic 
derivatives 5) could facilitate the ring-chain transition. However, neither prolonged heating of 
typical representatives of compounds 4 and 5 in pyridine at 70°C, nor their treatment with 
sodium methylate in alcohol with subsequent neutralization resulted in any isomerisation. 
Hence, acetoacetylhydrazones, similarly to the closely related cyanoacetylhydrazones,10 do not 
exhibit ring-chain tautomerism in solution. 

The mass spectra of typical representatives of compounds 9 are listed in Tables 10 and 11. 
The even-electron cations [M − H]+ are much less abundant (< 5% of relative intensity) than in 
the spectra of aromatic pyrazolones.7 All the compounds produce abundant phenyl cations, and 
the presence of benzyl substituents (in 9d) is manifested by strong C7H7

+ peaks. The base peak 
in the spectrum of the sec-butylamine derivative 9c corresponds to C2H6N+ ions. The mass-
spectrometric fragmentation of compounds 9 (Tables 10 and 11) involves the loss of 
substituents from position 3 and the heterocyclic ring cleavages at the N1−C5 and C3−C4 
bonds. The positive charge is distributed between the resulting phenylhydrazone and 
enamine/enehydrazine fragments so that the PhMeCN2HPh (C14H14N2

+•) ions are less abundant 
than the corresponding [M − C14H13N2]+ in all cases. 

The formation of abundant RNC2H3
+ ions raises questions about the actual structure of the 

substituent in position 4, considering the possibility of double-bond migration. The RNC2H3
+ 

ions could be formed from M+• simply by the C−C bond cleavage if the molecular ion 
structures were closer to the 4-(1-iminoethyl) substituted (A) rather than aminoethylidene-
substituted (B) pyrazolidinone (Fig. 1 and Scheme 4). The observed metastable transitions 
confirmed that RNC2H3

+ are directly formed from either M+• or [M − Me]+ ions in one step. 
Since the NMR study demonstrated that compounds 9 predominantly exist in solution as the 
enamine isomers in which the substituent in position 4 is bound to the heterocycle by a C=C 
double bond, it was interesting to compare the relative stabilities of possible valence isomers of 
M+• in order to establish the most probable precursor of RNC2H3

+ ions in the gas phase. 
Although quantum-chemical calculations at the semiempirical level are generally considered as 
not sophisticated enough to provide fine structural details, their use is justified in this particular 
case as we were only interested in a qualitative comparison of bond lengths in the M+• radical 
cations derived from different neutral precursor isomers. 
 
Table 10. The 70-eV EI mass spectra of compounds 9. Peaks of ions with m/z > 40 and relative 
abundance  5% are listed ≥

Compd. m/e (% RA) 
9b 
9e 

308(8) 307(M, 37) 294(6) 293(23) 292(100) 261(7) 231(6) 230(37) 210(10) 209(7) 200(6) 199(5) 
158(11) 98(15) 77(11) 56(40) 
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9c 
9f 
 
9d 
9g 
 
9h 

334(9) 333(M, 38) 319(22) 318(100) 257(5) 256(28) 124(10) 82(7) 77(7) 
350(5) 349(M, 19) 335(16) 334(64) 292(7) 272(20) 210(6) 140(18) 84(7) 77(10) 69(27) 58(13) 51(13) 
45(36) 44(100) 
370(13) 369(M, 46) 355(26) 354(100) 293(7) 292(32) 277(12) 276(5) 262(8) 261(13) 220(6) 210(17) 
209(5) 199(8) 161(8) 160(70) 118(25) 78(5) 77(25) 
384(9) 383(M, 32) 369(23) 368(100) 307(5) 306(25) 276(7) 234(5) 174(13) 91(36) 77(5) 
400(13) 399(M, 47) 385(27) 384(100) 323(6) 322(29) 292(5) 277(9) 261(10) 210(6) 209(5) 199(6) 
191(7) 190(53) 148(18) 123(10) 77(11) 
415(11) 414(M, 40) 400(20) 399(77) 338(5) 337(23) 307(5) 277(10) 261(14) 211(16) 210(100) 209(11) 
205(14) 199(8) 163(19) 159(11) 118(8) 117(13) 77(13) 76(6) 

 
Table 11. Characteristic ions (% of the total ion current) in the mass spectra of compounds 9 

Compd. M+• [M–Me]+ [M–Ph]+ [M–C14H13N2]+ C14H14N2
+• C14H13N2

+ RNC2H3
+

9b 9.8 21.6 8.0 3.2 2.2 1.6 8.6 
9c 3.5 9.6 3.0 2.6 0.9 0.6 0.4a

9d 11.0 26.4 6.6 3.4 0.9 0.9 ⎯ b

9e 11.9 24.6 6.9 2.5 0.6 0.8 1.7 
9f 10.1 16.6 5.3 11.6 2.9 0.9 4.2 
9g 10.8 17.5 5.1 9.2 1.1 0.8 3.2 
9h 8.1 12.4 3.6 2.3 16.2 1.8 3.0 

aC2H6N+ 15.0%. C2H7N+• 5.0%;  bC7H7
+ 9.6% (9d) ; cPhMeNN+ 

 
Calculations 
The enthalpies of formation, charge distributions and bond parameters of various M+• isomers 
were calculated for the N-methylated derivative 9b at the semiempirical level of MO theory 
(PM3/UHF approximation) using the MOPAC software.11

Fig. 1 shows the optimized geometries of M+• isomers which correspond to the iminoethyl- 
and aminoethylidene-substituted neutral molecules. Note that the calculated enthalpies of 
formation are only slightly different (by <10 kcal/mol) for the double-bond isomers of M+•. 
Since the excess of internal energy obtained by a neutral molecule after electron impact 
exceeds both this value and any plausible energy of activation for the double-bond shift, the 
isomeric molecular ions M+•(A) and M+•(B) (Fig. 1) derived from the corresponding double-
bond isomers (Scheme 4) are likely to co-exist in the gas phase regardless of the neutral 
precursor structure. Their fragmentation leads to the identical MeCN+Me ions, but the 
calculated enthalpies of formation of the accompanying C16H15N2O• radicals are considerably 
different. The radical formed from M+• (A) is by 45 kcal/mol more stable than its counterpart, 
and these thermochemical considerations suggest that the formation of RNC2H3

+ from M+•(A) 
would be more advantageous than from M+•(B). 
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Figure 1. PM3/UHF optimized geometries of the hypothetical M+• and [M − CH3]+ isomers for 
compound 9b. 
 

However, the optimized geometry of M+•(B) (Fig. 1) shows that the ionization of the 
neutral B causes considerable elongation of the C−C bond between the heterocycle and the 
substituent in position 4. The distribution of the positive charge in M+•(A) and M+•(B) differs 
considerably (Fig. 1), so that the nitrogen atom incorporated in the emerging MeCN+Me ion 
bears a positive partial charge only in the M+•(B) and [M − CH3]+(B) structures but not in the 
M+•(A) structure. Thus, in principle the RNC2H3

+ ions can be formed directly from the M+•(B) 
and [M − CH3]+(B) ions corresponding to the enamine isomer B of compounds 9 which 
predominate in solution. This process would involve a hydrogen transfer to the carbonyl 
oxygen as shown in Fig. 1. 
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Conclusions 
 
The reaction of diketene with N-alkyl- and N-arylhydrazones of ketones is shown to be (with a 
few exceptions) a universal method for synthesizing 2,5,5-trisubstituted 4-acetylpyrazolidin-3-
ones, whereas the reaction with N-alkyl- and N-arylhydrazones of aldehydes leads to open-
chain N-acetoacetyl-N-alkyl(aryl)hydrazones. 

Similarly to the parent compounds (2,5,5-trisubstituted 4-acetylpyrazolidin-3-ones), imines 
9 do not appear to form linear isomers either in solution or in the gas phase. Thus, ring-chain 
tautomerism involving activated C−H bonds still remains elusive. 
 
 
Experimental Section 
 
General Procedures. 1H and 13C NMR spectra were recorded on Bruker DPX 300 
spectrometer at a resonance frequency of 300.130 MHz for 1H and at 75.47 MHz for 13C or on 
JEOL JNM-L-400 at a resonance frequency of 399.78 MHz for 1H and 100.54 MHz for 13C. 
Chemical shifts (δ) are expressed in ppm against Me4Si as internal standard, coupling constants 
(J) are given in Hz. Spectra were recorded at 25°C using solvent CDCl3 or DMSO-d6, solution 
concentrations were 5-15%. The delay time in the NOESY experiments was 1 s. 

The EI mass spectra (ionization energy 70 eV, ion source temperature 160°C, direct 
insertion) were recorded on a VG ZabSpec instrument (VG Analytical, Manchester, UK). 
Fragmentation paths were confirmed by metastable ions spectra (B/E and B2/E linked scans, 
decompositions observed in the 1FFR). Elemental compositions of fragment ions were 
determined at a resolving power of 8000-10000 (at 10% valley definition) by peak matching 
technique using PFK as a reference compound. 

The molecular ion structures for compound 3b were optimized using the PM3 basis, 
unrestricted Hartree-Fock (UHF) method, and the EF (eigenvector following) routine for 
geometry optimization included in the MOPAC 6.0 program.11 Only ground electronic states 
were considered. 
 
Synthesis. The starting hydrazones 2 were obtained by the known method.12 Oximes 6 were 
obtained as commercial products and additionally purified by sublimation at a reduced 
pressure. Compounds 4i, 5q-u were obtained by methods reported in the literature.2 The 
physicochemical properties and elemental analyses of the synthesized compounds are listed in 
Table 12. 
 
Table 12. Physicochemical characteristics and analytical data for the studied compounds 

Compound Mp, °C Formula Elemental analyses Rf

    Calculated Found  
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    C H N C H N  
3 a 127-129 C10H18N4O 57.12 8.63 26.64 58.14 8.66 26.55 0.65a

 b 148-150 C20H22N4O 71.83 6.63 16.75 71.75 6.68 16.72 0.42a

4 c Oil C8H14N2O2 56.45 8.29 16.46 56.37 8.32 16.39 0.60b

 d Oil C12H14N2O2 66.04 6.47 12.84 65.97 6.50 12.79 0.73b

 e Oil C15H20N2O2 69.20 7.74 10.76 69.26 7.82 10.78 0.75b

 f 73-75 C18H18N2O2 73.45 6.16 9.52 73.44 6.09 9.51 0.41b

 g 108-110 C19H20N2O3 70.15 6.21 8.64 70.18 6.22 8.64 0.50b

 h 175-177 C18H17N3O4 63.71 5.05 12.38 63.73 5.03 12.42 0.52c

 i 109-111 C18H18N2O3 69.66 5.85 9.03 69.61 5.87 9.05 0.4 b

 j Oil C11H20N2O2 62.23 9.50 13.20 62.26 9.57 13.17 0.46c

 k Oil C17H24N2O2 70.80 8.39 9.71 70.75 8.42 9.76 0.64b

 l 117-119 C24H22N2O2 77.81 5.99 7.56 77.79 6.04 7.60 0.76b

5 m Oil C13H16N2O2 67.22 6.94 12.06 67.27 6.89 12.12 0.45c

 n Oil C10H18N2O2 60.58 9.15 14.13 61.52 9.18 14.22 0.67b

 o 126-128 C15H20N2O2 69.20 7.74 10.76 69.19 7.74 10.71 0.62b

 p Oil C14H18N2O2 68.27 7.37 11.37 68.25 7.40 11.33 0.70c

 q 111-113 C13H16N2O2 67.22 6.94 12.06 67.26 6.89 12.09 0.52b

 r 79-81 C14H18N2O2 68.27 7.37 11.37 68.23 7.35 11.37 0.48b

 s 114-115 C18H18N2O2 73.45 6.16 9.52 73.49 6.21 9.47 0.69b

 t 99-101 C18H17N3O4 63.71 5.05 12.38 63.78 5.02 12.42 0.55c

 u 163-165 C18H17N3O4 63.71 5.05 12.38 62.70 5.06 12.36 0.42c

7 a Bp 96-98 (1 mmHg) C6H9NO3 50.35 6.34 9.79 50.41 6.29 9.77 0.67c

 b Oil C7H11NO3 53.49 7.05 8.91 53.54 7.11 8.85 0.75d

 c Oil C12H13NO3 65.74 5.98 6.39 65.84 6.07 6.35 0.56d

9 a Oil C11H21N3O 62.52 10.02 19.89 62.57 10.08 19.85 0.41c

 b 150-152 C19H21N3O 74.24 6.89 13.67 74.19 6.83 13.57 0.64a

 c 101-103 C22H27N3O 75.61 7.79 12.02 75.67 7.70 11.97 0.58a

 d 141-143 C25H25N3O 78.30 6.57 10.96 78.41 6.62 10.89 0.75b

 e 98-100 C21H23N3O 75.65 6.95 12.60 75.59 6.95 12.65 0.59b

 f 172-174 C24H23N3O 78.02 6.27 11.37 78.11 6.17 11.39 0.46b

 g 165-167 C25H25N3O2 75.16 6.31 10.52 75.17 6.28 10.56 0.70c

 h 183-185 C24H22N4O3 69.55 5.35 13.52 69.58 5.37 13.54 0.62c

a benzene-acetonitrile 5:1; b benzene-acetonitrile 2:1; c benzene-acetonitrile 1:1; d chloroform-
methanol 10:1. 
 
Preparation of hydrazono azines (3a, b). To a stirred solution of 16 mM hydrazone 2 in 
chloroform at −23°C (CCl4/dry ice) 8 mM of diketene was added with stirring in 15 min. The 
reaction mixture was kept in a refrigerator overnight. The precipitate was recrystallized from a 
chloroform–hexane mixture. Yields 70-80%. 
Preparation of N-substituted N-acetoacetylhydrazones (4c-h, j-l) and 2,5,5-trisubstituted 
4-acetylpyrazolidine-3-ones (5m-p). To a stirred solution of 10 mM of hydrazone 2 in 
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absolute benzene at 0°C, 11 mM of diketene was added with stirring for 15 min in the presence 
of catalytic amounts of glacial acetic acid. The mixture was allowed to react for 1h, then the 
solvent was removed under vacuum. The residue was purified on a column packed with silica 
gel (5-40 µ, eluent: benzene-acetonitrile 5 : 1). Crystalline products were purified by 
recrystallization from a chloroform-hexane mixture. Yields 40-60%. 
Preparation of O-acetoacetyloximes (7a-c). To a stirred solution of 10 mM of oxime 6 in 
absolute ether at 0°C, 11 mM of diketene was added with stirring for 15 min. The mixture was 
allowed to react for 30 min, then the solvent was removed under vacuum. The residue was 
purified on a column packed with silica gel (5-40 µ, eluent: benzene-acetonitrile 5:1). Yields 
50-60%. Compound 7b was purified by vacuum distillation. 
Preparation of methyl imines of 4-acetyl-2-isopropyl-5-methyl-5-phenylpyrazolidin-3-one 
(9a) and 4-acetyl-2,5-diphenyl-5-methylpyrazolidin-3-one (9b). Stream of methylamine was 
bubbled through a stirred solution of the corresponding hydrazone 4e or pyrazolidinone 5s (10 
mmol) in absolute benzene. After the reaction was completed (monitored by TLC), the solvent 
was removed under reduced pressure. The residue was recrystallised from a chloroform-hexane 
mixture. Yields 85-90%. 
Preparation of imines of 2,5,5-trisubstituted 4-acetyl-pyrazolidin-3-ones (9c-h). Amine 8 
(10 mmol) was added with stirring to a solution of the corresponding pyrazolidinone 5s (10 
mmol) in absolute benzene in the presence of catalytic amounts of acetic acid. The solvent was 
removed under reduced pressure. The residue was recrystallised from a chloroform-hexane 
mixture. Yields 70-90%. 
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