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A series of tricyclic pyrazoles were prepared from intermediates available from steroid total
synthesis and tested for antiarrhythmic and antiinflammatory activity.

J. Heterocyclic Chem., 13, 545 (1976).

Pyrazoles have been used as analgesics and anti- Scheme 11
inflammatory agents since Knorr prepared antipyrine in . 0
1883 (1), and fused to the steroid A-ring, they have also C\OR - I o 9
been reported to enhance antiinflammatory activity (2). ) | R —'—-’x‘©'/_l\i\r°'°'°“ ,@m-nnz
The work reported here combined these observations: “or
a simpler three ring system was prepared containing the Compounds 813 Table |
pyrazole nucleus, using A,B-ring intermediates available y y
from steroid total syntheses. Since many antiinflam-
matory agents are carboxylic acids, these were prepared
along with the esters, amides, and amino ester derivatives. . -
Although the carboxylic acids had minimal antiinflam- cf o 9 c#°
matory activity, the amides and amino esters showed ® o M o
antiarrhythmic activity and encouraged an expansion of - ” Bt 5‘_:3 Table Tt
the series. Compounds 66 and 99 showed activity y
comparable to quinidine and 4-diisopropylamino-2-phenyl- Hethod A Hrthod B V
2-(2-pyridyDbutyramide (disopyramide, Table IV) but were
not studied further because of side effects. .
Chemistry. $ C<;
Schemes I and II show the reaction sequences; The X A
Scheme 1 Compounds 64-101  Table \
0 0
9 Nafl CHoH tables list the specific derivatives made.
x~©ﬁ *HCOGH, T ><—©li§AF The pyrazoles in Table Il were prepared from the
Compounds 1:5 Table 1 keto-aldehydes in Table I (Scheme I). Frequently both
isomers were obtained, but could be separated by
@NH—NHZ crystallization or chromatography. Wilshire (3) noted
that in the nmr, the 3-proton shows a 0.83 ppm downfield

y

shift for the 2-phenyl compared to the l-phenyl sub-
. stituted indazole in DMSO-dg, but not in deuterio-

chloroform. This shift was also noted for the benz-

A ’;—N‘@ indazoles, idenopyrazoles, and the benzocycloheptapyr-

N . 4 Y azoles reported here. In addition a downfield shift of

X & E A the 8-proton, due to the proximity of the phenyl group,

Tomer | Tsomer 1l was seen for the l-phenyl compared to the 2-phenyl-
Compounds 14.37 Table I benzindazoles in either deuteriochloroform or DMSO-d g .
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Table 1

Keto-aldehydes

?H
C-R*
X A

Compound X R’ A Yield, % Formula M.p. °C.
1 H H CH, 84 CioHgO> 110-112 (a)
2 H H CH,-CH, 100 Cy1H100, oil (b)

3 cl H CH,-CH, 9 Cy,HoClO, 53.54

4 N(CH3), H CH,-CH, 100 Cy13H;sNO, 95.96

5 OCH, H CH,-CH, 97 Cy2H1 205 67-69 (97-100) (c)
6 H COOCH; CH,-CH, 87 CyHy 204 66-67 (d)

7 H COOCH,CH; CH,-CH, CyaHy 204 4547 (e)

8 al COOCHs; CH,-CH, 95 Cy3H;1Cl04 93.94.5

9 N(CH3), COOCH,CHs CH,-CH, .79 CygH;oNO4 91.92

10 OCHj; COOCH3 CH,-CH, 75 C14H;405 61-66 (f)
1 H COOCH; CH,-CH;-CH, 92 (g) C13H;003 (2) 159 (g,h)
12 H COOCH,CH; CH, Cy3Hy ;04 69-70 (i)

13 OCHa (J) COOCHzCH:; CH2 97 C15H1606 158-162- (k)

(a) Lit. (11) m.p. 112-113°  (b)
solvent evaporated.
after standing 24 hours, 94-95°.  (d)
Obtained lactone, lit. (16) m.p. 157-158°,

The nmr and ir of the residue were as expected.
Lit. (13) m.p. 65.5-66.5°,
(h) Melts with gas evolution.

After acidification the resultant oil was extracted with ether, dried (sodium sulfate) and

Lit. (12) b.p. 153.5-154°. (c¢) Lit. (10) m.p. 65-66°,
(e) Lit. (14) m.p. 48°. (f) Lit (15) m.p. 76.5-77.5°. (@)
Benzene used instead of ether as reaction solvent. (i)

Lit. (17) m.p. 74-75°. (j) Compound 13is the 5,6-dimethoxyindanone-1 derivative. (k) Lit. (18) m.p. 158-159°,

The uv spectra were distinctive for each set of isomers and
were used when the nmr was complex.

The pyrazoles in Table II were prepared from the
diketo esters in Table I (Scheme II). Even with careful
examination of the mother liquors, only the 1-phenyl-
benzindazole was found. The nmr spectra were super-
imposable with the corresponding analogues in Table 11
with the exception of the change at carbon-3.

The acids in Table IV were prepared by alkaline
hydrolysis of the esters in Table III, and the amides and
amino esters in Tables V and VI by several different
methods as described in the Experimental Section
(Scheme II).

Biology.

Compounds were tested for antiinflammatory activity
in rats by one or more of several modified adjuvant
arthritis assays (4). The most active compounds, 64,
69, 74, and 88, required 25 mg./kg. IG to show an
approximately equivalent response to that from 2.5 mpk
IG of indomethacin when given for 19 days to rats
inoculated intradermally with Mycobacterium butyricum
(4a).

Compounds were tested for activity against ventricular
arthythmia successively in the following assays: (1)
aconitine induced ventricular tachycardia in an isolated
rabbit heart (5), rated active if a bath concentration of
40 mg./l. produced a 50% or greater reduction of the

ventricular rate; (2) ouabain induced ventricular
arrhythmia in an intact anesthetized dog (6), rated active
if a dose of 20 mg./kg. I.V. produced a return to normal
sinus rhythm for a period of 15 minutes or more in half
or more of the dogs used; (3) the Harris two-stage,
coronary-ligated dog (7), rated active if a dose of 20
mg./kg. LV. produced a 25% or greater reduction in
ectopic beats for at least 10 minutes in half or more of
the dogs used. The compounds active in all three tests
are listed in Table VI together with the standards
quinidine and disopyramide; compounds 66 and 99
compare favorably. Study was discontinued on each of
these because the dogs displayed one or more side effects
as emesis, head tremors, rigidity, struggling or convulsions.

EXPERIMENTAL

Evaporations were carried out on a rotary still at reduced
pressure (10-30 mm). Melting points determined on a Thomas-
Hoover apparatus are uncorrected. Nmr (Varian Associates
A-60-A and A-100, TMS standard), ir (Beckman IR-12) and uv
(Beckman DK-2A) spectra were consistent with the assigned
structures. Skellysolve B is a petroleum hydrocarbon fraction,
b.p. 60-70°.
6-Chloro-1-tetralone.

This compound was prepared from 0.65 moles of 6-amino-1-
tetralone (8) by the Sandmeyer reaction (9) in 70% yield, b.p.
146-148° (8 mm), n23:2D 1.5862.

Anal. Caled. for C;gHgCIO: C, 66.44, H, 5.02; Cl, 19.63.
Found: C, 66.88; H, 5.03; Cl, 19.36.
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Table 11
Pyrazoles
y
\\ [ 7
X A X A
Lsomer | Lomere I
Reaction Purified Crystallization
Compound (a) X y Isomer  Solvent (b)  Yield, % Formula M.p., °C Solvent (b)
14 H H I E (¢) 55 Ci7H 4N5 127-129 (d) E
15 H p-Cl I E 69 C,7H,;3CIN, 117-120 E-W
16 H p-F | E 23 Cy7H;3FN, 123-125 B-S (e)
17 H p-F It E 18 Cy;7H;3FN, 117-119 B-S (e)
18 Cl H I T (f) 35 Cy7H;3CIN, 143-144 B-S
19 Cl p-Cl I X 65 Cqy9H;,CI3N, 174-176 B-S
2 Cl 0-Cl I X 32 Cy7H;,ClL N, (g) (e)
27 cl p-F I IX 43 Cy7H,,CIFN, 166-168 B-S
2 Cl m-CHy I T 51 CigH;5CIN, 123.125 B-S (e)
3 Cl m-CH3 II T 15 C18H|5C1N2 123-126 B-S (e)
24 Cl p-COOH I T (f) 3 Cy18H;3CIN;, 0, 254.256 M
<] Cl p-COOH Il T (f) 11 C;gH;3CIN; O, 304-307 M
2% Cl 0-COOH I T (f) 60 C;18H3CIN, O, 210-212 M
27 Ci (h) 1 T 67 C21H15C1N2 (l) (e)
28 Cl (h) I T 2 Cy1H; 5CIN, 177178 B-S (e)
29 OCH; H I () E . 55 CygH 6N,0 84-86 B-S
30 OCH; p-F 1 X 24 C,gH;sFN; O 102-104 B-S (e)
31 OCH4 p-F II X 7 Cy;gH,5sFN,0 112.113.5 B-S (e)
32 OCH; 0-CHjy I X 20 CigH;gN,0 104-109 B-S (e)
33 OCH3;3 0-CHy Il X 4 Cy;oH gN,0 90-92 B-S (e)
K7 N(CH3); 0-COOH 1 T 27 C20H; N30, 230-233 E-W
35 OH p-F I (k) 68 C1 7H1 3FN20 279-283 D.W
36 H p-F I E 21 Cy6H;1FN, 103-105 B-S (e)
37 H p-F Il E 2 Cy¢H; 1 FNy 122-124 S (e)

(a) A is -CH,CH;- for all compounds except 36 and 37 for which it is -CH,-. (b) B, benzene; D, DMSO; E, ethanol, M,

butanone; S, Skellysolve B; T, toluene; X, xylene.

(¢) Phenylhydrazone base was used.
Chromatography used. (f) Phenylhydrazone base and one equivalent of p-toluenesulfonic acid monohydrate were used.

(d) Lit. (12) m.p. 127-128°. (e)
(g) B.p

170-175° (0.1 mm). (h) 1-Naphthyl replaces phenyl. (i) B.p. 210-215° (0.1 mm). (j) Isomer H was present but not isolated. (k)
Two g. of compound 30, 50 ml. of acetic acid, and 20 ml. of 48% hydrobromic acid were refluxed 3 hours and concentrated.
The residue was suspended in 10% sodium hydroxide and filtered. The filtrate was acidified to yield product.

Preparation of Compounds in Table I.

The ketones, all commercially available except 6-chloro-1-
tetralone and 6-dimethylamino-1-tetralone (8), were condensed
(10) with ethyl formate or dialkyloxylaté. If the ketone was
insoluble in ether, benzene was substituted as solvent. The
products were crystallized from benzene-Skellysolve B.

Preparation of Pyrazoles, Tables II and III.

A mixture of 0.1 moles of ketone (Table I), 0.11 moles of a
hydrazine hydrochloride and 250 ml. of solvent were refluxed
until the reaction was complete as indicated by tlc or by
measurement of water evolved, generally 3-8 hours. The solvent
was evaporated and the residue was partitioned between water
and ether or chloroform. The organic layer was separated, washed
with water, dried (potassium carbonate), and the solvent evap-
orated. The residue was crystallized from the solvent indicated.

Ester Hydrolysis.

Esters were hydrolyzed with 10% aqueous sodium hydroxide
in methanol at reflux. The acids obtained after dilution and
acidification were crystallized (dimethylsulfoxide-water) except
where indicated (Table IV).

Preparation of Amides and Amino Esters.
Method A.

A solution of the ester (Table IlI) in excess amine was
refluxed for 5 hours. After evaporation of excess amine the
residue was dissolved in dilute hydrochloric acid and washed twice
with ether. The soluiton was made alkaline (ammonium hydr-
oxide), the suspension extracted with ether, which was dried
(potassium carbonate), and evaporated. The residue was crystal-
lized from benzene.Skellysolve B or converted to the hydro-
chloride or oxalate salt which was crystallized from ethanol-ether.
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Table 111

3-Carboalkoxypyrazoles

@-,

NN

Ve ?®
( I\—\[/ Sor”
X “ Reaction

Compound X y A R" Solvent (a)  Yield, % Formula M.p., °C (b)
38 H H CH,CH, C,H; T 152-154 (¢)
39 H p-Cl CH,CH, CH; T 79 Cy9H;5CIN, O, 198-199
40 H p-F CH,CH, CH; T 63 Ci19H15FN,0, 158-160
41 Cl H CH,CH, CHs T 90 Ci9H,5CIN,0, 190-192
42 Cl 0-COOH CH,;CH,4 CH, T (d) 65 Cy0H;5CIN, Oy 239-244
43 Cl p-OCH3 CH,CH, (e) T
a4 Cl p-F CH;,CH, (e) T.
45 N(CH3), H CH,CH, CyHj T 82 Cy,H,3N30, 172.5-174
46 N(CH3), p-Cl CH,CH, C,Hs T 50 Cy2H,5CIN3O4 196-198
47 OCH;3 p-Cl CH,CH, CHj T 72 (f) Cy0H;7CIN, 03 187.5-189
48 Cl H CH=CH CHj (g) 72 C19H;3CIN, 0, 205-207.5
49 H H CH;-CH,-CH, C,Hg E (h) 48 C31H,oN5,0, 110-111
50 H H CH, C,H; T 112-114 (i)
51 H p-F CH, C,Hs E 67 Cy9H;sFN,0, 185-187
52 OCH3 (§) H CH, C,Hg E 93 Ca1HygN, Oy 171-172.5
53 H (k) CH,CH, C,Hs E 54 Cy7H,0N5,0, 102-104

(a) See footnote b, Table II. (b) The compounds were crystallized from benzene-Skellysolve B except 38, 42,43, 44, and 50,
which were reacted without ecrystallization. (¢) Lit. (14) m.p. 155° (d) Hydrazine base was used. (e) The product was a
mixture of methyl and ethyl esters from inadvertently using ethanol to hydrolyze the preceding reaction. (f) Crude yield.
Crystallized a sample only. (g) Compound 41 (7.6 g-) and 10.2 g. of DDQ in 100 ml. of dioxane was refluxed for 20 hours,
cooled, filtered, and the solvent evaporated. The residue was dissolved in benzene, washed once with aqueous sodium hydroxide,
twice with water, dried (potassium carbonate) and the solvent evaporated. (h)  Lactone (compound 11) was used as starting
material. (i) Lit. (17) m.p. 117-118°. (j) Compound 52 is a 6,7-dimethoxyindanopyrazole derivative. (k) (CH3),CH represents
phenyl.

Table 1V

3-Carboxypyrazoles

N—N
3 COOH
o N
X—lao [ A
Crude Crystallization
Compound X A Yield, % Formula M.p., °C Solvent (a)

54 H H CH,CH, C1s8H14N,0, 248-251 (b)
55 H p~Cl CH2CH2 88 C18H13C1N202 270 (c)
56 cl H CH,CH, 95 Cy1gH3CIN;O0, 282 (¢)
57 cl 0-COOH  CH,CH, 91 (d) C1oH;3CIN, 04 302-303 (c) D-W
58 OCH3 p-Cl CHzCHz 96 C19H1 5C1N2O3 227-228 (C) E
59 N(CH3);  p-Cl CH,CH, 52 (d) Cy0H;3CIN;0,  280-281 (c) D-W
60 cl H CH=CH 98 CisH;;CIN,O,  287-289 (c) D-W
61 H H CH;-CH,-CH,- 80 Ci19H16N20, 196-199 B-S
62 H H CH2 85 C17H12N202 250 (C,e)
H (f) CH,CH, 100 C1sH; ¢N,O, 193.5.195.5

(a) See footnote b, Table II. (b) Lit. (14) m.p. 248°. (¢) Melts with gas evolution. (d) Purified yield. (e) Lit. (17) m.p.
250-251 dec. (f) (CHj3),CH- replaces phenyl.
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CyoHgO,
C11H100,
C11HoClO,
C13HsNO,
Ci2H1203
C13H1204
C14H1404
Ci3H;,1Cl0,
C16H19NO4
Ci14H1405
Cy3H,003
C13H;1204
CisH1606
C17H1aN;
C,7H3CIN,
Cy7H;3FN,
Cy7H13FN,
C17H12Cla N,
C17H12CI2N,
C,;7H,CIFN,
Cy8H,;sCIN,
Cy;gH;3CIN, O,
C18H;3CIN, O,
C21H;5CIN,
C21H;sCIN,
CysHigN, 0
CygH;sFN,0
C;gH sFN,0
CioHy1gN,0
C1gH;sN,0
Ca0H19N30,
Ci¢Hy1FN,
Ci6H11FNy

Ci9H;5CIN; Oy
C1oH1sFN;0,
C19H;5CIN; 0,
C20H15CIN,O4

C22H23N30,
C22H22CIN;0,
C20H;7CIN, 05
C19H;3CIN, O,
C21H;9N,0,

C19H;5FN,0,
C21HaoN204
Cy17H20N20,
CygH14N,0,
Cy1gH;3CIN, 0,
C1oH;3CIN, 0,4

Calcd.

63.32
71.86

67.23

58.55
66.42

61.63
82.90

77.25
77.25
72.77

68.34

66.75

78.23
73.45
73.45
78.59
78.59
72.05
72.84
76.78
76.78

70.79
62.75
73.10
67.76
75.88
70.79

69.21
71.80

Table VII
Analytical Data

C H H N
Found Calcd. Found Caled.
63.59 4.35 4.46
71.63 6.96 7.00 6.45
67.14 5.21 5.40
58.76 416 4.41
66.22 6.62 6.64 4.84
61.33 5.52 5.45
83.22 5.73 5.71

9.98

77.18 4.96 4.91 10.60
77.15 4.96 4.69 10.60
73.06 4.67 4.88 9.98
8.89

8.89

68.60 4.05 4.05 9.38
9.51

9.51

66.61 4.03 4.02 8.63
8.63

8.63

8.47

8.47

78.15 5.84 6.02 10.14
73.62 5.14 5.09 9.52
73.56 5.14 5.04 9.52
78.35 6.25 6.36 9.65
78.26 6.25 6.49 9.65
72.40 5.74 5.57 12.61
73.01 4.67 4.76 10.00
76.94 4.43 "4.68 11.19
76.60 4.43 4.53 11.19
8.27

70.82 4.69 4.93 8.69
8.27

62.49 3.95 4.07 7.32
72.94 6.41 6.28 11.63
10.61

7.60

67.81 3.89 3.89 8.32
75.88 6.07 6.14 8.43
70.91 4.69 4.89 8.69
69.20 5.53 5.54 7.69
71.89 7.09 7.10 9.85
8.63

8.63

7.60

N
Found

6.15

4.64

9.99
10.82
10.82
10.20
8.67
9.12
9.26
9.62
9.51
8.46
8.23
8.79
8.40
8.39
10.24
9.52
9.34
9.44
9.40
12.66
9.82
11.32
11.12

7.96
8.69
8.14
7.39

11.53
10.78
7.73
8.26
8.36

8.39
7.76
9.93

8.58
8.38
7.49

Cl

Caled.

17.04

13.30

12,63

12.03
12.03
10.92
10.92
10.92
10.72
10.72

10.47

10.47
9.26

8.96
9.61

10.92
10.92
9.62

551

Cl
Found

16.76

13.01

12.82

22.50
22.03

12.09
12.12
11.06
10.78
10.86
10.77
10.87

10.58

10.30
9.02

9.19
9.65

11.09
10.92
9.36
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Table VII (Continued)

Analytical Data

Compound C C H H N Cl Cl
No. Fomula Caled. Found Caled. Caled. Found  Caled. Found
58 Cy9H;5CIN, O3 64.32 64.44 4.26 4,26 9.99 10.17
59 Cy0H;gCIN3 O, 11.42 11.53 9.64 9.98
60 C1gH;11CIN, O, 66.98 67.13 3.44 3.66 8.68 8.66
61 Ci19H;6N,0, 74.98 7517 5.30 5.38 9.21 9.20
62 C17H12N70,
63 CysH;6N,0, 70.29  70.16 6.29 6.44 10.93 10.79
64 CrgaH,gN40OHCI 13.18 13.03 8.34 8.16
65 Cy4H,,CIN,0-HCl 62.74 6274  6.17 6.11 1220 1199 1544 1553
66 C,4H,,CIN4O-HCI 12.20 12.40 15.44 15.23
67 Ca4H,6CIFN4O 65.37  65.48 5.94 6.08 12.71 12.70
68 Cy5H429CIN4O4 66.28 66.35 6.45 6.34 12.37 12.19
69 CysHagCIN4O, -HCI 1145 1173 1449  14.64
70 Cya6H33N50-2 HCI 13.88 13.73 14.05 14.03
n Cy5H30ClINGO 2247 (a) 22,51 (a) 9.92 9.74 6.28 6.49
72 C,3H,4N40-HCI 13.64 13.60 8.63 8.63
73 Cy5H39N403-HCL 63.75 63.35 6.63 6.76 11.90 11.64
74 Cy5H39N40:C4H404 67.16  67.00 6.61 6.79 10.81 10.66
75 Cy4H,5CIN4O-HCI 12.25 12.45 15.51 15.23
76 C21H39N40-HCI 64.51  64.72 7.99 8.18 14.33 14.48
77 C,,H,3CINGO 66.91 67.00 5.82 6.06 14.19 13.93 8.98 8.81
78 CyeH31CINgO-HCI-C4,HgO 63.03 63.43 7.18 7.09 10.50 10.51 13.29 13.37
79 C,4HysCIN,O 13.31 1330 8.42 8.31
80 Cy5H,5CINGO 69.02  69.06 6.25 6.46 12.88 13.00
81 Cy3H94N40, 7111 7094 6.23 6.36 14.42 14.16
82 CqoaHagN405 65.97  66.11 6.23 5.85 12.82 12.70
83 C,8H31CINgO,-HC10.5 H,O  64.61  64.70 6.39 6.47 10.77 10.73
84 C,3H,5CINGO 13.70 13.80 8.67 8.74
85 Cy4H,7CINg 04 -HCI 11.79 11.73 14.92 14.91
86 Cy6H29CIN4O 69.55 69.78 6.51 6.60 12.48 12.73
87 CygH1sN30 T4.72 7448 5.23 5.19 14.53 14.40
88 Cy9H14N30 75.22 75.37 5.65 5.82 13.85 13.74
29 CigH;sCINZO 6381 63.79 4.46 4.54 16.54 16.32
90 C,8H;4CIN;0, 12.37 12.17 10.44 10.40
91 Cy0H; gCIN3O4 11.42 11.69 9.64 9.59
92 Cy,H,,N4O 73.72 73.94 6.19 6.47 15.63 15.75
¢ Cy3H53CINLO 67.89 67.61 5.70 5.54 13.77 13.75
M CasHy9NO, 69.90 69.94 6.34 6.28 16.30 16.29
9% Ca4H;7N30,:HC 9.87 10.03 8.32 8.41
9% Cy4H,6CIN3 O, 9.91 9.96 8.37 8.32
97 C,y4H,4CIN30, +HCH 9.13 9.01 15.40 15.64
98 Cy4H,sCIFN30,+-HCI 8.78 8.46 14.82 14.73
99 C,3H,35N305-HCI 10.20 10.35 8.61 8.60
100 Cy5HagN3045:C4H404 67.03 66.80 6.40 6.58 8.09 7.87
101 Cy3H,4CIN3O, 10.23 10.33 8.66 8.75
(a) lodine.
Method B.

A suspension of 0.10 moles of acid (Table 1V), and 0.2
moles of thionyl chloride was heated until the gas evolution
ceased. The excess thionyl chloride was evaporated, 50 ml. of

benzene was added, and then evaporated. To this residue Method C.
suspended in 50 ml. of benzene, 0.012 moles of amine or amino A solution of 0.10 moles of acid (Table 1V), 0.011 moles of a
alcohol was added rapidly with stirring. The mixture was allowed dialkylaminoalky! chloride and 100 ml. of 2-propanol were

to stand for 1 hour and worked up by Method A. refluxed 16 hours, then worked up by Method A.
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Table VI

Activity Against Ventricular Arrhythmia

Coronary Artery

Compound Quabain (n) (a) Ligation (n) (a)
64 15 (1/2) 15 (1/2)
66 15 (1/1) 5 (1/2)
92 15 (1/2) 15 (2/3)
99 5 (1/1) 5 (2/4)
100 20 (1/1) 15 (1/2)
Quinidine 7.5 (2/2) 10 (2/2)
Disopyramide (b) 6.6 (2/2) 7.5 (2/2)

(a) Minimum effective dose (mg./kg.) (no. active/total dogs used).
(b) Diisopropylamino-2-phenyl-2-(2-pyridyl)butyramide.
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