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Abstract—An efficient synthetic route to the title compounds has been established. Chloralacetophenones 2 were prepared by treat-
ment of acetophenones 1 with anhydrous chloral. Dehydration of intermediates 2 under acidic conditions yielded 2,2,2-trichloro-
ethylideneacetophenones 3, which were transformed to 2,2-dichlorovinylacetophenones 5 in nearly quantitative yields by selective
electrochemical monodechlorination at either mercury or graphite electrodes. Finally, 3-aryl-5-dichloromethyl-2-pyrazolines 7 were
efficiently obtained on treatment of compounds 5 with either hydrazine or methylhydrazine.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Pyrazolines1 are compounds with noteworthy applica-
tions. One special interest lies in the use as synthetic
intermediates for preparing cyclopropane2 and pyraz-
ole1b,2f,3 derivatives. Certain compounds containing
the 2-pyrazoline moiety have been demonstrated to have
an important therapeutic potential, mainly as anti-
inflammatory,4 antidepressant,5 antipyretic,6 antibacte-
rial,7 antifungal,7a,d,8 and antitumor9 agents.

Over the years, the synthesis of 2-pyrazolines has
received considerable attention. The most extended
methodologies to generate this ring system involve the
use of either diazoalkanes1b,2a,b,10a–c or a,b-unsaturated
carbonyl compounds1b,2c,d,10d,e,11 as immediate precur-
sors. As a part of our research project on the synthesis
of heterocyclic compounds based on the chemistry and
electrochemistry of chloral derivatives,12 we herein re-
port an efficient approach to the synthesis of dichloro-
methylated pyrazolines. Chloral is an inexpensive
multipurpose starting material for organic synthesis.13

Reaction of chloral with acetophenones 1 provides
chloralacetophenones 2 in high yields.14 As is shown in
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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Scheme 1, we recognized this reaction as the starting
point for preparing 3-aryl-5-dichloromethyl-2-pyrazo-
lines 7, which pertain to a hitherto unknown family of
pyrazolines.

Given the above, the preparation of compounds 7 itself
shows remarkable interest and highly attractive also is a
promising value arising from the synthetic utility of
geminal dihalide groups. Notwithstanding, the synthesis
of compounds of type 7 has not yet been reported. This
seems to be attributable to incompatibility of pyrazo-
lines with the reagents mostly used to generate dichloro-
methyl groups.15 However, the aim of this approach is
to circumvent the indiscriminate action of these reagents
by utilization of a pre-chlorinated synthon derived from
chloral with the advantageous result of the development
of a general, facile and highly efficient synthesis of prod-
ucts 7 (Table 1). As far as we know, this is the first time
that chloral has been used as starting material for pre-
paring pyrazolines.
2. Results and discussion

In an attempt to prepare the key intermediates 5
chloralacetophenones 2 were treated with zinc in warm
acetic acid. These reactions showed erratic induction
periods and were found to be of little synthetic utility.
The main reaction products were formed along with
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Scheme 1.

Table 1. Preparation of dichlorovinylacetophenones 5 and dichloromethylpyrazolines 7

Entry Ar R Prod. 5 mp �C (%) Prod. 7 mp �C (%)

a C6H5 CH3 50–51 (95) Oil (85)

b 4-O2NC6H4 CH3 104–105 (72) 117–118 dec (78)

c 2-C10H7 CH3 81–82 (96) 156–157 (80)

d 4-CH3OC6H4 H 72–74 (97) 107–109 dec (96)

e 4-ClC6H4 H 58–59 (96) 126–127 dec (93)
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numerous unidentified compounds and were isolated in
remarkably low yields and purified only with
considerable difficulty. They were identified as dichlo-
rovinylacetophenones 5. The reduction applied to 2b,
which bears a nitro group, showed a total incapability
to give product 5b. In this case the generation of a very
complex mixture of unidentified products was detected.
All products 5, however, were found to be directly
convertible to the targeted products 7 in near quantita-
tive yields by treatment with hydrazines.

Given the high synthetic interest evidenced by inter-
mediates 5 we focused our attention on the search
for an effective preparative procedure. As such, the
compounds 2 could be easily transformed to 2,2,2-tri-
chloroethylideneacetophenones 3 (85–94% yield) by
dehydration with either sulfuric or p-toluenesulfonic
acids.16 A highly efficient generation of the key inter-
mediates 5 was achieved by selective electrochemical
reduction of products 3. These electrolyses provided
single products in near quantitatively yields (Table
1), which were identical to that inefficiently originated
by zinc reduction of compounds 2. Compound 5b
could also be synthesized in good yield in this man-
ner. As far as we know it is the first time that 2,2-
dichlorovinylacetophenones 5 have been prepared.
However, some aliphatic analogues have been de-
scribed.17 The molecular structure of compound 5d
has been determined by X-ray crystallographic
analysis.18
Products 5 reacted easily with hydrazine hydrate as well
as methylhydrazine to give the corresponding 3-aryl-5-
dichloromethyl-2-pyrazolines 7 in high yields (Table
1). The easy and efficient formation of these products
can be explained by participation of intermediates 6.
This is the first time that the synthesis of 3-aryl-5-dichlo-
romethyl-2-pyrazolines 7 has been reported. The struc-
ture of one of these compounds (7c) was determined
by single crystal X-ray diffraction.18

To conclude, a convenient new method for the synthesis
of 3-aryl-5-dichloromethyl-2-pyrazolines 7 is reported.
Versatility, good yields, easy availability of starting
materials, mildness, and simple experimental procedure
are noteworthy advantages of this approach, which
provides access to previously unattainable compounds
of significant interest. It seems feasible that the interme-
diates involved in this synthetic route, particularly
2,2-dichlorovinylacetophenones 5, would also be useful
for preparing a variety of heterocyclic compounds.
3. Experimental

3.1. Electrogeneration of 2,2-dichlorovinylacetophenones
(5)

Reductive electrolyses of 2,2,2-trichloroethylideneaceto-
phenones 3 were carried out under a constant cathodic
potential in a concentric cylindrical cell with two com-
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partments separated by a circular glass frit (medium)
diaphragm. A mercury pool (diameter 5cm) was used
as the cathode and a platinum plate as the anode. The
catholyte was magnetically stirred. The temperature
was kept at approximately 18 �C by external cooling.
The reductions were performed in MeCN (60mL)–
AcOH (10mL)–LiClO4 (3.5g); 55 and 15mL were
placed in the cathodic and the anodic compartments,
respectively. Sodium acetate (1g) was placed in the ano-
dic compartment. Solutions of 3 (5mmol) were electro-
lyzed under the following cathodic potentials, which
were selected in order to provide operative current inten-
sities (close to 220mA at the beginning and 10mA at the
end): 3a (�0.20); 3b (�0.40); 3c (�0.60); 3d (�0.50); 3e
(�0.72) V versus SCE. The electricity consumption
was 2F/mol in all cases. Isolation of products 3 was car-
ried out by removing the solvent in vacuo,19 adding
water (150mL) and collecting the resulting solid by fil-
tration. These were crystallized from petroleum ether
or cyclohexane (5b).

These syntheses were found to be reproducible when
using graphite instead of mercury as cathodic material.
Thus, the electrolysis of 3e (2.5mmol) provided 5e in
95% yield by a procedure as described above with an
operating potential of �1.00V versus SCE. The current
intensity was 100mA at the beginning, and 20mA at the
end. The electricity consumption was 2F/mol.

3.2. Preparation of 3-aryl-5-dichloromethyl-2-pyrazolines
(7)

To a suspension of compound 5 (7mmol) in EtOH
(15mL) a solution of hydrazine (8.4mmol) in EtOH
(7mL) was added dropwise. The mixture was refluxed
for 10min. Then the solution was concentrated under re-
duced pressure (half of volume) and was kept at �15 �C
until the precipitation of a pale yellow solid, which was
collected by filtration and crystallized from EtOH.
Acknowledgments

We gratefully acknowledge the financial support of the
Consejerı́a de Economı́a, Industria e Innovación of the
Comunidad Autónoma de la Región de Murcia (project
2I04SU005). Author B.M. thanks the Ministerio de
Educación y Cultura for a grant.
References and notes

1. (a) Elguero, J. In Comprehensive Heterocyclic Chemistry;
Potts, K. T., Ed.; Pergamon: Oxford, 1997; Vol. 5, p 167;
(b) Berhr, L. C.; Fusco, R.; Jarboe, C. H. In The
Chemistry of Heterocyclic Compounds. Pyrazoles, Pyraz-
olines, Pyrazolidines, Indazoles and Condensed Rings;
Wiley RH, Wiley-Interscience: New York, 1967.

2. (a) Van Auken, T. V.; Kenneth, L.; Rinehart, J. J. Am.
Chem. Soc. 1962, 84, 3736; (b) McGreer, D. E.; Morris, P.;
Carmichael, G. Can. J. Chem. 1963, 41, 726; (c) Ushakov,
H. I.; Shusherina, N. P.; Chinaeva, A. D. Zh. Obshch.
Khim. 1947, 17, 1678; Chem. Abstr. 42, 13722; (d) Beech,
S. G.; Turnbull, J. H.; Wilson, W. J. Chem. Soc. 1952,
4687; (e) Fieser, M.; Fieser, L. F. In Reagents for
Organic Synthesis; Wiley-Interscience: New York, 1969;
Vol. 2, p 211; (f) Freeman, J. P. J. Org. Chem. 1964, 29,
1379.

3. (a) Goetz, N.; Rohr, W.; Mangold, D.; Hupher, L.;
Dockner, T.; Kempe, U. DE 3,209,148; Chem. Abstr. 100,
6506; (b) Dockner, T.; Krug, H.; Rotermund, G.; Weyr-
auch, V. EP 290,991; Chem. Abstr. 110, 78086;
(c) Nakamichi, N.; Kawashita, Y.; Hayashi, M. Org.
Lett. 2002, 4, 3955.

4. Bansal, E.; Srivastava, V. K.; Kumar, A. Eur. J. Med.
Chem. 2001, 36, 81.

5. Palaska, E.; Aytemir, M.; Uzbay, I. T.; Erol, D. Eur. J.
Med. Chem. 2001, 36, 539.

6. Souza, F. R.; Souza, V. T.; Ratzlaff, V.; Borges, L. P.;
Oliveira, M. R.; Bonacorso, H. G.; Zanatta, N.; Martins,
M. A. P.; Mello, C. F. Eur. J. Pharm. 2002, 451, 141.

7. (a) Safak, C.; Sarac, S.; Balkan, A.; Ertan, M.; Yulug, N.
Hacettepe Univ. Eczacilik Fak. Derg. 1990, 10, 39; Chem.
Abstr. 114, 185361; (b) Patel, P.; Koregaokar, S.; Shah,
M.; Parekh, H. Farmaco 1996, 51, 59; Chem. Abstr. 124,
197999; (c) Grant, N.; Mishrky, N.; Asaad, F. M.; Fawzy,
N. G. Pharmazie 1998, 53, 543; Chem. Abstr. 129, 260380;
(d) Nauduri, D.; Reedy, G. B. S. Chem. Pharm. Bull. 1998,
46, 1254; Chem. Abstr. 129, 245079; (e) Holla, B. S.;
Akberali, P. M.; Shivananda, M. K. Farmaco 2000, 55,
256; Chem. Abstr. 133, 252362.

8. Tiwari, N.; Dwivedi, B. Boll. Chim. Farm. 1989, 128, 322;
Chem. Abstr. 115, 179160.

9. Nimavat, K. S.; Popat, K. H.; Joshi, H. S. Indian J.
Heterocycl. Chem. 2003, 12, 225.

10. (a) Ernest, I. CS 106,498; Chem. Abstr. 60, 45753; (b)
Reimlinger, H. K.; Moussebois, C. H. Chem. Ber. 1965, 98,
1805; (c) Garcı́a Ruano, J.; Alonso de Diego, S. A.; Blanco,
D.; Martı́n Castro, A. M.; Martı́n, M. R.; Rodrı́guez
Ramos, J. H. Org. Lett. 2001, 3, 3173; (d) Blicke, F. F.;
Burckhalter, J. H. J. Am. Chem. Soc. 1942, 64, 451; (e)
Petersen, R. J.; Skell, P. S. In Organic Synthesis Collective;
John Wiley: New York, 1973; Vol. 5, p 929.

11. (a) Smith, L. I.; Rogier, E. R. J. Am. Chem. Soc. 1951, 73,
3840; (b) Mehr, L.; Becker, E. I.; Spoerri, P. E. J. Am.
Chem. Soc. 1955, 77, 984; (c) Fieser, M.; Fieser, L. F. In
Reagents for Organic Synthesis; Wiley-Interscience: New
York, 1969; Vol. 2, p 332; (d) Hanson, G. A. Bull. Soc.
Chim. Belg. 1958, 67, 707; (e) Siddiqui, A. H.; Satyana-
rayana, Y.; Srinivas, M.; Rajeshwar, K. J. Indian Chem.
Soc. 1992, 69, 846; Chem. Abstr. 120, 8800; (f) Huang, Y.
R.; Katzenellenbogen, J. A. Org. Lett. 2000, 2, 2833; (g)
Katritzky, A. R.; Wang, M.; Zhang, S.; Voronkov, M. V.
J. Org. Chem. 2001, 66, 6787; (h) Silva, A. M. S.; Pinto, D.
C. A.; Cavaleiro, J. A. S. J. Heterocycl. Chem. 2002, 39,
751; (i) Kolhe, S. V.; Doshi, A. G.; Raut, A. W. Indian J.
Heterocycl. Chem. 2003, 12, 281.

12. For preceding papers see: (a) Guirado, A.; Andreu, R.;
Gálvez, J. Tetrahedron Lett. 1998, 39, 1071; (b) Guirado,
A.; Andreu, R.; Gálvez, J.; Jones, P. G. Tetrahedron 2002,
58, 9853; (c) Guirado, A.; Andreu, R.; Martiz, B.; Gálvez,
J. Tetrahedron 2004, 60, 987.

13. Lutniskii, F. I. Chem. Rev. 1975, 75, 259.
14. These reactions were carried out between anhydrous

chloral and the appropriate acetophenone 1 solved in
acetic acid at reflux temperature.

15. Hill, R. A. In Comprehensive Organic Functional Groups
Transformations; Kirby, G. W., Katritzky, A. R, Meth-
Cohn, O., Rees, Ch. W., Eds.; Elsevier: Oxford, 1995; Vol.
4, p 11.

16. Dehydration with concd sulfuric acid can be achieved by
stirring at room temperature, whereas dehydration with
p-toluenesulfonic acid has to be carried out in boiling
toluene with the aid of a Dean–Stark apparatus.



8526 A. Guirado et al. / Tetrahedron Letters 45 (2004) 8523–8526
17. (a) Takeda, A.; Tsuboi, S.; Moriwake, T.; Hirata, E. Bull.
Chem. Soc. Jpn. 1972, 45, 3685; (b) Kiehlman, E.; Loo, P.;
Menon, B. C.; McGillivray, N.Can. J. Chem. 1971, 49, 2964.

18. Details of the structure determination will be reported in a
future full paper.
19. Caution must be exercised when handling perchlorates in
order to exclude risk of explosion. Evaporation of organic
solutions containing perchlorates needs to be carried out
in vacuo and at moderate temperature. Contact with
strong acids must be avoided.


	First synthesis of 3-aryl-5-dichloromethyl-2-pyrazolines. The electrochemical generation of 2,2-dichlorovinylacetophenones as a key step
	Introduction
	Results and discussion
	Experimental
	Electrogeneration of 2,2-dichlorovinylacetophenones (5)
	Preparation of 3-aryl-5-dichloromethyl-2-pyrazolines (7)

	Acknowledgments
	References and notes


