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The synthesis, structure elucidation and chemotherapeutic activity of novel heterocyclic analogues of the

cardiotropic agent Diclofurime are reported.
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A great number of oxime ethers have been reported to
have interesting biological properties, such as anti-inflam-
matories [1], spasmolytic [2], local anesthetic [3], analgesic
[4], B-adrenergic [5-7] or cardiotropic [8] characteristics,
and amongst those possessing the latter activity, one of the
most promising was Diclofurime [9], 5a.

In order to better elucidate the structure-activity rela-
tionships and in search of new compounds with enhanced
pharmacological activities, we were interested in sub-
stituting the furan group by five membered N-heterocycles
such as pyrazoles or imidazoles.

The reaction between the ketones 2, which were synthe-
sized by methods similar to those described in the litera-
ture [10-13], and hydroxylamine hydrochloride, affords a
mixture of the oximes 3 and 4, which, in this series, were
designated the E and Z isomers, respectively, except when
Het is 1 H-pyrazole-4-yl (f), when they were Z and E respec-
tively (Scheme I). These isomers were separable by either
fractional crystallization or chromatography.

The differences in *H nmr spectra of the oxime isomers
were significant only in the OH signal, which was not
however conclusive for determination of the stereo-

chemistry. In order to assign the structures inequivocally,
selective NOE difference experiments were performed on
isolated oxime isomers: when a weak irradiation on the
OH signal resulted in an increase of the H6 phenyl proton
signal, the configuration 3 was assigned. Configuration 4
was assigned if the increase was detected on the H4 or H5,
protons of the heterocycle.

It has been reported [14] that there is no isomerization
between 2a and 3a during alkylation at 95° in basic
medium, and also that only isomer 3a can be cyclized to
7a. In our case the reaction works differently and 4f is the
only one not to isomerize to the 3f as it is also the only one
which does not yield the corresponding 1,2-benzisoxazole
7f.

These oximes were generally base sensitive and their
alkylation, either as separate isomers or in a mixture,
under very mild conditions, affords the corresponding ox-
ime ethers 5 and 6 and some cyclized 1,2-benzisoxazole 7.
The attempted etherification under more drastic condi-
tions gave us only 7.

In an attempt to obtain 6¢, we conducted the reaction
between 2c and the diethylaminoethoxyamine [15], under
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Table 3

Comp. Origin Yield M.p.® Analysis %
% °c Caled./Found
Cc H N Cl
7b 3b 42 225 5466 3.82 1593 13.45
4b 45 5449 410 16.09 13.27
7c 3c 75 105 5892 527 13.74 11.59
4c 71 5864 5.18 14.06 11.37
7d 3d 40 170 5466 3.82 1593 1345
4d 50 5475 3.68 1595 13.53
7e 3e 13 165 48.34 3.04 14.09 23.78
4e 7 4826 3.15 13.83 23.92
7t 3f 80 220 5466 3.82 1593 1345
4f 0 5452 3.96 1575 13.31

(b) From a Mettler FP61

a variety of conditions but were unable to obtain the
desired compound, the ketone being recovered.

The configuration of the ethers 5 and 6 were deduced
from their isolated parents E or Z and, when made from a
mixture of isomers, confirmed for each separated ether by
similar NOE difference experiments as were carried out in
the case of the oximes.

The BC nmr chemical shifts and
assignments are summarized in Tables 1 to 6. We may
point out that, in the oxime series, carbon 1 in the syn
isomers (normally Z) appears 0.6-2.3 ppm upfield to that of
the anti isomer, in the carbon 12 the difference is 0.5-1.4
ppm, and in carbon 6 the difference is not in the same

'H nmr and

Het

IR (cm™) 'H-NMR (DMSO-d;),8,J = Hz

1620, 1430,  4.0(s,6H); 7.28(s,1H,4imid); 7.40(d,1H,J=8.8, 5Ph);

1290 7.55(s, 1H,5imid); 8.32(d,1H,J=8.8, 6Ph)

2950, 1620,  0.9(t,3H,J=6.7); 1.3(m,2H); 1.75(m,2H); 4.0(s,3H,

1290 MeO); 4.47(t,2H,J=6.7); 7.30(s, 1H,4imid); 7.4(d,TH,
J=8.8, 5Ph); 7.60(s, 1H,5imid); 8.35(d,1H J=8.8, 6Ph)

1630, 1460,  4.05(s,3H,MeO); 4.13(s,3H,MeN); 7.14(s, 1H,5Pyr);

1295 7.4(d,1H,J=8.8, 5Ph); 7.70(s,1H,3pyr); 7.96(d,2H,J=
8.8, 6Ph)

1630,1305  3.96(s,3H,MeN); 4.0(s,3H,Me0Q); 7.45(d,1H J=8.5,

1085 5Ph); 7.85(d,1H,J=8.5,6Ph); 7.92(s,1H,5imid)

1625,1295  8.97(s,3H,MeN); 4.0(s,3H,Me0); 7.3(d, 1H,J=8.8,

1080 5Ph); 7.95(d,1H,J=8 8, 6Ph); 8.07(s,1H,5pyr); 8.49

(s,1H,3Pyr)

direction. This shift is also present in the alkylated series
and is similar to that of the oximes.

The ability to distinguish between E and Z isomers lies
in the shielding effect of the oxime oxygen on the
a-carbon when this oxygen is syn to said carbon [16].

The products were screened for pharmacological ac-
tivities in a battery of tests, including analgesic and anti-
pyretic effects and their activities on the central and
peripheric nervous systems and on the cardiovascular
system with especial reference to their incidence on
calcium channels. Most of them displayed biological ac-
tivities but their potencies were not sufficient to consider
them as warranting further development.
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No.
Config.

eO

18
Solvent

a) ClsCD
b) DMSO
c) TFAA.

128.8
130.6
120.2
157.4
56.6

110.7
129.5
1463

140.5
127.8
121.0
353

()
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Table 4

N
o 13 b) R = Me
<\ ‘ c) R=nBu
N 14
I

15 R
5 6 R
— =H
MeO C —Het - / \ d) R
3 |l A e) R=Cl
2 N N
cl cl gH l
15 Me
13 Me
12 N 15
0 7
~N
14
4b 3c 4c 3d 4d 3e 4e
y4 E 4 E Z E v/

123.8 1203 1233 1375 1373 136.4 136.1
34.9 46.6 41.0 38.3 39.3 39.0 38.8
- 31.6 324 - - - -

- 19.4 19.1 - - - -

- 134 134 - - - -
(b (b) (b) (®) () (b) (b)
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130.5
130.8
120.8
155.8
56.6

111.1
129.5
146.1

114.1
132.7
139.6
38.1

(b)
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No.
Config.

O

O oo AW

10
11
12
13
14
15
16
17
18
Solvent

a) ClCD
b) DMSO
c) T.F.A.

5b

128.2
133.1
122.4
156.9
564
110.8
129.1
147.3
73.5
513
474
11.7
140.8
129.4
121.4
342

(a)

6b

126.0
131.7
122.0
156.1
56.4
110.8
127.8
147.7
73.7
51.6
47.6
11.7
141.4
128.7
123.8
358

(a)

Sc

126.5
131.9
121.8
155.9
56.4
109.9
127.9
147.9
733
51.2
475
11.6
140.8
128.2
122.1
472
327
19.6
13.5

(a)

6c¢

126.1
131.6
121.8
156.0
56.1
109.7
127.7
147.7
73.6
514
475
11.7
140.6
128.7
122.7
47.8
326
19.5
133

(2)

Table 5

5d

128.4
133.1
122.7
156.9
56.3
109.7
128.8
146.0
73.6
514
47.5
11.8
135.0
107.1
137.8
38.6

(2)
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N
13
12 | b) R = Me
<\ c)R =nBu
N 14
|
15 R
R
13
14
/ \ dR=H
12 /N e)R=Cl
|
15 Me
13 Me
12 / N/15
f) |
~N
14
6d Se 6e Sf
VA E Z Z

1264 127.0 125.0 127.6
131.8 1321 1327 133.2
1223 122.5 122.5 122.0
156.3 157.3 156.8 156.4
56.3 56.5 56.5 56.3
109.7 109.7 109.7 109.9
127.1 129.9 128.8 128.9
146.0 144.6 144.6 147.0

73.6 74.1 74.1 72.9
51.6 56.5 56.5 51.8
475 47.7 47.7 475
11.8 11.9 11.9 11.8

136.5 132.9 132.2 114.7
109.0 111.4 114.4 128.8
137.4 136.8 1371 140.9
39.9 394 40.0 38.6

(a) () (a) (@)

Vol. 27

6f

127.6
1331
122.0
156.0
56.3
109.9
126.9
147.5
727
51.2
475
11.7
118.7
128.9
137.5
38.6

(a)
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18
Solvent

a) ClyCD

b) DMSO

c) TEA.

Table 6
N 13
12( ]
N 14
i
15
R
13 44
o Y,
N
|
15 Me
13 Me
) 12 // T 15
~N
14
7e 7d Te
1154 114.6 114.7
159.1 159.5 160.1
101.3 102.2 101.9
156.9 157.0 1573
572 573 574
111.1 113.3 111.6
1232 120.7 1213
149.8 148.7 148.1
135.2 128.9 126.7
129.7 108.5 110.6
124.1 1385 1372
47.0 39.0 38.8
32.1 . .
188 . .
13.0 . .
(b) (b) (b)

b) R=Me
c) R=nBu

d) R=H
e) R=Cl

621
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EXPERIMENTAL

All melting points were determined with a Kofler melting point
microscope or in an automatic Metler FP 61 melting point ap-
paratus, and are uncorrected. The proton magnetic resonance
spectra were obtained from a Varian AM 360 (60 MHz) or a
Bruker A M. Fourier transform spectrometer operating at 100
MHz, and the **C nmr spectra were obtained from a Bruker A.M.
Fourier transform spectrometer operating at 25.1 MHz, and the
chemical shifts (6) are relative to TMS as internal standard. The
infrared spectra were obtained from a Perkin-Elmer 177 grating
model or with a Nicolet 5DXC Fourier transform model. Spectra
were recorded for all compounds and were consistent with assign-
ed structures. Preparative hplc was performed with a Waters
Auto 500 model.

Synthesis of the Oximes 3 and 4.

The oximes were obtained by boiling for several hours a mix-
ture of the corresponding ketone 2 and an excess of hydroxyl-
amine hydrochloride in pyridine and, when the reaction was com-
plete (tic), evaporating the excess pyridine in vacuo, adding ice-
cold water and recrystallizing the resulting solid.

Methods of Resolution of Isomers.

A. Column chromatography, eluting with chloroform/methanol
95:5. B. Crystallization from ethanol or ethanol/water. C. Pre-
parative hplc over silica, eluting with chloroform containing 1%
ethanol, or a mixture of toluene/ether 1:1.

General Method of Synthesis of Oxime Ethers 5 and 6.

To a vigorously stirred mixture of benzene (20 ml), TEBA (10
mg), solid potassium carbonate (0.55 g, 8 mmoles) and dimethyl-
aminoethylchloride hydrochloride (1.1 g, 8 mmoles), was added to
the oxime (3.5 mmoles), either the separate isomer E or Z, or the
unseparated mixture. The stirring was continued for several
days, controlling the reaction by tlc. When the reaction was com-
plete, the mixture was filtered, washed with benzene (2 x 10 ml),
the organic phase washed with water (2 x 5 ml), dried (sodium
sulphate) and evaporated. The crude product was suspended in
ether (50 ml), filtered, and the filtrate purified by column
chromatography.

Vol. 27

Preparation of the 1,2-Benzisoxazoles 7.

A solution of 4 mmoles of the oxime in 20 ml of ethanol and 5
ml of 20% sodium hydroxide was refluxed for 16 hours.
Evaporating the solvents, adding water and filtering, gave the
1,2-benzisoxazole, which can be recrystallized from small
amounts of ethanol.
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