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Regiospecific Synthesis of 1,2-Bis(azolyl)ethanes
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Este trabalho mostra a sintese de 1,2-bis-(5’-trialometilisoxazol-3’-il)etanos (3-6) e 1,2-bis(5’-
trialometilpirazol-3’-il)etanos (7-10) a partir da ciclocondensagdo de 1,1,1,10,10,10-hexahalo-4,7-

dimetoxideca-3,7-dien-2,9-dionas (1 e 2) com hidroxilamina e hidrazinas. Também € mostrada a
sintese dos 1,2-bis(5’-alcoxicarbonilpirazol-3’-il)etanos (11-14) via reagio da dienona 2, triclorometil-

substituida, e hidrazina.

The synthesis of 1,2-bis(5’-trihalomethylisoxazol-3’-yl)ethanes (3-6) and 1,2-bis(5’-
trihalomethylpyrazol-3’-yl)ethanes (7-10) from the cyclocondensation of 1,1,1,10,10,10-hexahalo-
4,7-dimethoxydeca-3,7-dien-2,9-diones (1 and 2) with hydroxylamine and hydrazines is reported.
In addition, the one-pot synthesis of 1,2-bis(5’-alkoxycarbonylpyrazol-3’-yl)ethanes (11-14) by
reaction of chloro-substituted dienone 2 and hydrazines is also described.
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Introduction

Most organic compounds belong to the heterocyclic
class and a great number of heterocycles have been of
significant help for the human beings. Isoxazoles and
pyrazoles belong to this class of compounds and are known
to be important intermediates for the preparation of
agrochemicals and pharmaceutical compounds.'? The 1,2-
bis(azolyl)ethanes consist of two N-donor units linked by
a flexible spacer. These compounds show desirable
characteristics to be used as ligands of metals because they
can either bridge two different metal ions, or act as bidentate
chelants of single metal ions.’

We developed a general procedure for preparing 1,1,1-
trihalo-4-alkoxy-3-alken-2-ones (8-haloacetylated enol
ethers) using halogenated acylating groups CX,CO.*” These
compounds are of general interest as precursors for a variety
of halomethyl-substituted heterocyclic compounds, e.g.
isoxazoles,® pyrazoles,'®'? pyrimidines'*'* and diazepines.'

Results and Discussion

In the course of our investigations on heterocyclic
chemistry, we focused on the synthesis of trihalomethyl

* e-mail: alexflores @smail.ufsm.br

azoles by cyclocondensation reaction of 1,1,1,10,10,10-
hexahalo-4,7-dimethoxydeca-3,7-dien-2,9-diones (1 and
2), a (2 x CCC) block, with (NO) hydroxylamine and (NN)
hydrazine blocks. Compounds 1 and 2 were previously
synthesised from the reaction of hexen-2,5-dione dimethyl
acetal with trichloroacetyl chloride or trifluoroacetic
anhydride in pyridine using chloroform as solvent.’

The cyclization of 1 and 2 with two equivalent of
hydroxylamine hydrochloride was carried out in pyridine
and ethanol. The mixture was refluxed for 16 hours and
gave regiospecifically the 1,2-bis(5’-trihalomethyl-5’-
hydroxy-4’,5’-dihydroisoxazol-3’-yl) ethanes 3 and 4
(Scheme 1, Table 1). The mild reaction condition used for
the synthesis of 1,2-bis(isoxazolyl)ethanes 3-6 was
appropriate to preserve the trichloromethyl group on the
heterocycle and to define the regiochemistry of the
cyclocondensation.!'®!'” The structure of 4,5-dihydro-
isoxazole was evidenced by the presence of two doublets
in the '"H NMR spectrum in the range of 6 3.10 to 3.70
assigned to H4’a e H4’b. The observation of a peak around
0 47.0 in the *C NMR spectrum from methylene C4’,
further confirmed the structure of 4,5-dihydroisoxazoles 3
and 4 (Table 3). Compounds 3 and 4 were dehydrated with
concentrated sulphuric acid at 45 °C for 3 hours to afford
the corresponding 1,2-bis(5’-trihalomethyl-isoxazol-3’-yl)
ethanes 5 and 6 in high yields (Scheme 1).
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The cyclization of 1 and 2 with hydrazine hydrate or
phenyl hydrazine, in a molar ratio of 1:2, in chloroform at
0 °C for 4 hours, furnished regiospecifically, the aromatic
5-trihalomethylpirazoles 7-10 (Scheme 1, Table 1). The
products, as oils, were crystallized from a mixture of
hexane/ethyl acetate (5:1). The expected 4,5-
dihydropyrazole intermediates were not isolated.

On the other hand, the reaction of 2 with two
equivalents of hydrazines in a mixture of pyridine and
methanol (or ethanol) under reflux for 24 hours led to 5-
alkoxycarbonyl pyrazoles 11-14 (Scheme 2, Table 2). This
reaction condition promoted the cyclocondensation and
the hydrolysis of the trichloromethyl group.'®"” In addition,
the treatment of 5-trichloromethylpyrazoles 8 and 10 in
pyridine with an appropriate alcohol under reflux, also
led to the carboxypyrazoles 11-14, in good yields (Scheme
2, Table 2).
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The structure of pyrazoles 7 - 15 was assigned by their
NMR spectra. The "H NMR spectrum of aromatic pyrazoles
displays the signal for methylene-3" at 0 3.19 - 3.85, for
the aromatic H-4" at 0 6.33 — 6.85 and for 15 the N-Me
appeared at 0 2.97. In the *C NMR spectra of 7-15 the
signal from C-3” appeared at 6 138.7 - 155.3 and signal
from C-5" at  140.3 — 145.0. For the pyrazole 15 they were
assigned with two-dimensional correlation spectra HMBC
(Heteronuclear Multiple Bond Correlation) by observing
a cross peak between the C-5’ (142.5 ppm) and the
N-methyl hydrogen signal at 3.85 ppm that confirms the
5-ethoxycarbonylpyrazole isomers. The signals for C-4’
of the pyrazole ring for compounds 7-15 appeared around
0 102.6 — 111 (Table 3).

The addition of precursor 2 to one equivalent of
hydrazine hydrate in acetonitrile at room temperature for
4 hours, furnished the trichloromethylated tetrahydro-

Table 1. Reaction conditions,* yields and melting points of alkoxycarbonyl pyrazoles 3-10

Precursor X R Products Found/calculated m.p. (°C)® Yields (%)¢
C H N
1 F - dihydroisoxazole 35.7/35.73 3.00/3.00 8.3/8.33 165-167 75
3
2 Cl - dihydroisoxazole 27.5/27.62 2.40/2.32 6.5/6.44 201-203 79
4
3 F - isoxazole 40.0/40.02 2.10/2.01 9.33/9.30 Oil 94
5
4 Cl - isoxazole 30.0/30.11 1.50/1.52 7.10/7.02 156-158 94
6
1 F H pyrazole 40.2/40.28 2.70/2.70 18.8/18.79 222-225 69
7
2 Cl H pyrazole 30.3/30.26 2.00/2.03 14.1/14.12 160-162 73
8
1 F Ph pyrazole 48.3/48.12 3.00/2.94 10.20/10.20 188-190 74
9
2 Cl Ph pyrazole 58.7/58.67 3.60/6.58 12.40/12.44 184-186 77
10
* See experimental part; ® The melting points are uncorrected; © Yields of isolated compounds.
i X,C / CX ii
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Scheme 1. Synthesis of 1,2-bis(5’-trihalomethylisoxazol-3’-yl)ethanes and 1,2-bis(5’-trihalomethylpyrazol-3’-yl)ethanes.
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Scheme 2. Synthesis of the 1,2-bis(5’-alkoxycarbonylpyrazol-3’-yl)ethanes.
Table 2. Reaction conditions,* yields and melting point of pyrazole compounds 11-15
Precursor X R R! Products Found/calculated m.p. (°C)° Yields (%)°
C H N
2/8 Cl H Me 11 58.50/58.53 5.80/5.73 22.90/22.75 185-187 74177
2/8 Cl H Et 12 61.30/61.30 6.60/6.61 20.40/20.42 186-188 79 1 82
2/10 Cl Ph Me 13 72.50/72.34 5.65/5.57 14.10/14.06 128-130 82/ 86
2/10 Cl Ph Et 14 73.20/73.22 6.15/6.14 13.20/13.14 140-142 86 /73
2 Cl Me Et 15 61.70/61.30 6.80/6.61 20.40/20.42 - 75

@ See experimental part; ® The melting points are uncorrected; © Yields of isolated compounds.

pyrrolo [1,5-b]pyrazole 16 (Scheme 3). The product was
characterized by 'H, *C NMR and 2D HMQC and HMBC
spectroscopy data (Table 3). The presence of two CCl,
groups with different chemical shift and the absence of
methoxy group agree with the structure. To our knowledge
there are no reports in the literature of this condensed
heterocyclic compound. The formation of this condensed
product was not observed when precursor 1 was used under
the same conditions.

OMe

2 16
i. NH,NH,.H,O (1 eq.), MeCN, r.t., 4 hours

Scheme 3. Synthesis of the Tetrahydropyrrolo[1,5-b]pyrazole.
Conclusion

In conclusion, compounds 1 and 2 demonstrated high
versatility as building blocks for the synthesis of many types
of heterocycles that could provide potential biological
activity. In addition, the use of 1,2-bis(5’-trihalo-

methylpyrazol-3’-yl)ethane (7 and 9) as ligands in
coordination chemistry, is under investigation.® Also, a new
type of condensed heterocycle (16) has been synthesized.

Experimental

Unless otherwise indicated, all common reagents and
solvents were used as obtained from commercial suppliers
without further purification. Yields listed in Table 1 and 2
are for isolated compounds. 'H, *C NMR spectra were
recorded on a Bruker DPX 400 spectrometer ('H at 400.13
MHz and "*C at 100.63 MHz) at 298 K, digital resolution
of £0.01 ppm, 0.5 mol L™ in CDCl,, Acetone-d, or DMSO-
d, containing TMS as in internal standard. All spectra were
acquired in a 5 mm tube, at natural abundance. Mass spectra
were registered in a HP 5973 MSD spectrometer connected
to a HP 6890 GC and interfaced by a Pentium PC. The GC
was equipped with a split-splitless, injector, auto sampler,
cross-linked HP-5 capillary column (30 m, 0.32 mm of
internal diameter), and helium was used as the carrier gas.

1,2-Bis(5’-trihalomethyl-4°,5-dihydroisoxazol-3’-yl)
ethanes (3,4)

To a solution of 1,1,1,10,10,10-hexahalo-4,7-
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Table 3. Spectral data® of compounds 3-16
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Product GC-MS m/z (%) 'H NMR 6 (ppm), J (Hz)"*C NMR, 6 (ppm), J (Hz)
30 336 (M*, 13), 319 (27), 301 (25), 2 3.52 (d, 2H, H4’a, 18.6), 3.19 (d, 2H, H4’b, 18.6), 2.75 (s, 4H, HI1,H2);
49 (37), 203 (30), 164 (62), 69 (100) 160.1 (C3%), 124.7 (q, CF,, '] 281.4), 103.9 (q, C5’, °J 33.4), 46.5 (C4’),
25.5 (C1,C2)
4° 399 (M*- 36, 9), 381 (9), 353 (49), 3.76 (d, 2H, H4’a, 18.8), 3.29 (d, 2H, H4’b, 18.8), 2.76 (s, 4H, H1,H2);
297 (58), 214 (54), 54 (100) 159.6 (C3%), 111.9 (C5’), 102.5 (CCl,), 47.0 (C4’), 24.8 (C1,C2)
5 300 (M, 5), 231 (10), 203 (100), 6.64 (s, 2H, H4’), 3.22 (s, 4H, HI1,H2); 162.1 (C3’), 158.9 (q, C5°, 2J 42.2),
176 (28), 149 (29), 94 (49), 69 (84) 117.7 (q, CF,, 1] 268.6), 105.1 (C4), 24.0 (C1,C2)
6° 398 (M*, <1), 363 (12), 279 (26), 6.52 (s, 2H, H4’), 3.16 (s, 4H, H1,H2)169.0 (C5’), 162.3 (C3’), 103.5 (C4’),
251 (34), 216 (100) 84.5 (CClL,), 24.4 (C1,C2)
7 298 (M*, 42), 279 (14), 149 (100), 6.46 (s, 2H, H4’), 3.19 (s, 4H, H1,H2); 145.7 (C3’), 144.2 (q, C5°, 2J 37.0),
101 (62) 123.5 (q, CF,, 'J 265.7), 103.6 (C4’), 26.5 (C1,C2)
8 382 (M*- 48, <1), 347 (23), 319 (12), 6.48 (s, 2H, H4’), 3.17 (s, 4H, H1,H2)155.3 (C3’), 145.0 (C5’), 102.6 (C4’),
263 (100), 228 (58) 92.3 (CCl), 25.5 (C1,C2)
9 450 (M+, 17), 301 (16), 225 (100), 7.51-7.19 (m, 10H, Ph), 6.33 (s, 2H, H4’), 2.99 (s, 4H, H1,H2)143.4 (C3’),
205 (42), 77 (65) 142.8 (q, C5°, 2J 40.6), 138.5, 129.3, 129.2 ,125.8 (Ph), 121.1 (q, CF,, J
267.1), 103.7 (C4’°), 25.3 (C1,C2)
10 458 (M* - 91, 100), 429 (9), 385 (10), 7.54-7.44 (m, 10H, Ph), 6.68 (s, 2H, H4’), 3.08 (s, 4H, H1,H2)150.4 (C3’),
229 (24), 201 (26), 77 (49) 144.9 (C5%), 139.9, 129.4, 128.6, 128.4 (Ph), 108.0 (C4’), 86.8 (CCl,), 27.7
(C1,C2)
11¢ 278 (M*, 60), 246 (100), 214 (22), 6.53 (s, 2H, H4’), 3.78 (s, 6H, OMe), 3.03 (s, 4H, H1,H2)162.0 (C=0),
139 (24), 108 (42), 79 (52) 145.4 (C3’), 140.7 (C5’), 106.3 (C4’), 51.5 (OMe), 25.1 (C1,C2)
12¢ 306 (M*, 64), 260 (100), 232 (10), 6.46 (s, 2H, H4°), 4.19 (q, 4H, OCH,), 2.96 (s, 4H, H1,H2), 1.21 (t, 6H,
214 (36), 186 (18), 108 (36) Me); 162.1 (C=0), 143.2 (C3’), 143.2 (C5’), 106.1 (C4’), 60.1 (OCH,), 24.3
(C1,C2), 14.1 (Me)
13 306 (M*, 64), 260 (100), 232 (10), 7.43 (m, 10H, Ph), 6.84 (s, 2H, H4’), 3.77 (s, 6H, OMe), 3.13 (s, 4H,
214 (36), 186 (18), 108 (36) H1,H2); 161.2 (C=0), 152.3 (C3’), 140.3 (C5’), 133.4, 129.0, 128.5, 125.9
(Ph), 111.4 (C4’), 51.9 ( OMe), 27.8 (C1,C2)
14 458 (M*, 100), 385 (11), 229 (28), 7.47-7.25 (m, 10H, Ph), 6.65 (s, 2H, H4’), 4.39 (q, 4H, OCH,), 2.92 (s, 4H,
201 (27), 77 (43) H1, H2), 1.39 (t, 6H, Me); 162.3 (C=0), 144.0 (C5’), 138.7 (C3’), 138.7,
129.3, 129.1, 125.9 (Ph), 108.0 (C4’), 61.0 (OCH,), 25.3 (C1,C2), 14.3 (Me)
15 - 6.63 (s, 2H, H4°), 4.39 (q, 4H, OCH,), 3.85 (s, 4H, H1,H2), 2.97 (s, 6H, N-
Me), 1.38 (t, 6H, Me); 162.2 (C=0), 142.5 (C5’), 142.3 (C3’), 107.3 (C4’),
60.9 (OCH,), 36.9 (N-Me), 24.4 C1,C2), 14.3 (Me)
16° 382 (M*, <5), 347 (14), 319 (8), 7.10 (t, 1H, CHC=0, 4.4), 6.75 (s, 1H, H3), 3.85 (m, 2H, H5), 3.25 (m,

263 (100), 228 (43)

2H, H4); 181.9 (C=0), 164.7 (C6), 161.5 (C2), 155.9 (C3a), 102.4
(CHC=0), 98.4 (C(O)CCl,), 97.0 (C3), 91.8 (CCl,), 35.3 (C5), 22.9 (C4)

“ NMR spectra were recorded on a Bruker DPX 400 in CDCL/TMS; ° aceton-d;; ¢DMSO-d.

dimethoxydeca-3,7-dien-2,9-dione (1 or 2) (2 mmol) in
pyridine (4.2 mmol) was added hydroxylamine
hydrochloride (4.2 mmol) in ethanol (15 mL). The mixture
was stirred for 16 hours at 78 °C. The solvent was removed
under reduced pressure and the residue was extracted with
ethyl acetate and recrystallized from a mixture of hexane/
ethyl acetate (5:1).

1,2-Bis(5’-trihalomethylisoxazol-3’-yl) ethanes (5,6)
A mixture of 1,2-bis(5’-trihalomethyl-4’,5’-dihydro

isoxazol-3’-yl)ethane (3 or 4) (1 mmol) in 97% sulphuric
acid (8 mL) was stirred at 40 °C for 4 hours. The mixture

was poured slowly on 25 mL of ice-water and the solution
was extracted with ethyl acetate (3 x 10 mL). The solvent
was removed under reduced pressure and the product was
obtained in high purity.

1,2-Bis(5’-trihalomethylpyrazol-3°-yl) ethanes (7-10)

The appropriate hydrazine (4,2 mmol, 0.20 mL of
hydrazine monohydrate or 4.2 mmol, 0.42 mL of 97%
phenylhydrazine) was added dropwise at 0 °C to a stirred
solution of 1,1,1,10,10,10-hexahalo-4,7-dimethoxydeca-
3,7-dien-2,9-dione (1 or 2) (2 mmol) in chloroform (15
mL) or acetonitrile (15 mL). The mixture was stirred for 4
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hours at room temperature. The solution was washed with
0.1 mol L' HCI (3 x 15 mL) and extracted with ethyl acetate
(3x10 mL). The solvent was removed under reduced
pressure and the product was recrystallized from a mixture
of hexane/ethyl acetate (5:1).

1,2-Bis(5’-alkoxycarbonylpyrazol-3°-yl) ethanes (11-15)

To a stirred solution 1,1,1,10,10,10-hexachoro-4,7-
dimethoxydeca-3,7-dien-2,9-dione (2) (2 mmol) in pyridine
(4.2 mmol) was added the appropriate hydrazine
hydrochloride (4.2 mmol) in methanol (or ethanol) (15 mL)
at room temperature. The mixture was stirred under reflux for
16 hours. The solution was washed with 0.1 mol L' HCI (3 x
15 mL) and extract with ethyl acetate (3 x 10 mL). After
removal of the solvent under reduced pressure, the product
was recrystallized from a mixture of hexane/ethyl acetate
(5:1).

Tetrahydropyrrolo[1,5-b] pyrazole (16)

Hydrazine hydrate (2.1 mmol) was added drop wise at
room temperature to a stirred solution of 1,1,1,10,10,10-
hexachloro-4,7-dimethoxydeca-3,7-dien-2,9-dione (2) (2
mmol) in acetonitrile (20 mL). The mixture was stirred for
4 hours at room temperature. The solution was washed
with 0.1 mol L' HCI (3 x 15 mL) and extracted with ethyl
acetate (3 x 10 mL). The solvent was removed under reduced
pressure and the product was recrystallized from hexane
furnishing a gray solid. Yield 65%, m.p. 136-138 °C.
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