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Aryl substituted 1H-imidazo{1,2-alimidazole 8, imidazo[2,1-b]thiazole 9,
1,4-dihydroimidazo[4,5-d]imidazole 11, and 1(2)4-dihydroimidazo{4,5-
c)pyrazoles 12-17 have been prepared. An X-ray crystallographic study con-
firmed the structure of 8 and showed this analogue to exist as the 1//-tau-
tomer. These heterocycles were evaluated as inotropic agents and analogues
12, 15, and 17 found to display inotropic properties which were less potent in
vitro, but more potent in vivo, than those of sulmazole. Structure-activity
relationships are discussed.

Inotrop wirksame polyazapentalen-artige Sulmazolanaloge

Die arylsubstituierten Verbindungen 1H-Imidazo[1,2-g]imidazol 8, Imidazo
[2,1-b]thiazol 9, 1,4-Dihydroimidazo[4,5-d}imidazol 11 und die 1(2),4-Dihy-
droimidazo{4,5-c]pyrazole 12-17 wurden hergestellt. Eine Kristallstruktur-
analyse von 8 bestitigte ihre Struktur und zeigte, daB diese Verbindung als
1H-Tautomer vorliegt. Diese Heterocyclen wurden auf inotrope Aktivitit
untersucht, und es wurde festgestellt, daB im Vergleich zu Sulmazol die
Verbindungen 12, 15 und 17 schwiicher in vitro, aber stirker in vivo inotrop
wirken. Struktur-Aktivitiit-Beziehungen werden diskutiert.

The search for potent inotropic agents which lack the undesirable toxico-
logical effects associated with digoxin” or sulmazole 1 has led to sev-
eral investigations of the structure-activity relationships (SAR’s) of sulma-
zole analogues. These studies have shown that the achiral carboxamide 2%
and the imidazo[1,2-alpyrimidine 3*> display potent inotropic effects in
vitro. In addition the 1H-imidazo[4,5-b]pyrazine 4 and the 1H-imidazo[4,5-
clpyridazine § were found® to have in vitro inotropic potencies lower than
that of sulmazole although analogue 5 displayed more potent inotropic
effects in vivo than did sulmazole. A further finding of this latter investiga-
tion® was that there were two common molecular properties of inotropic
heterocyclic sulmazole analogues. Thus inotropic heterocycles (e.g. 5) were
essentially unprotonated at physiological pH and also possessed an electron
rich imidazo "B’ ring nitrogen atom. The azaindole 6, which lacks these
properties, is devoid of inotropic activity (Scheme 1).

The N-methyl derivatives of many of the above analogues have slightly
lower inotropic potencies in vitro than those of the unmethylated hetero-
cycles6'7). In some cases, however, larger reductions in activity are ob-
served on methylation. The N-4-methy! derivative of sulmazole, analogue
77, for example, is a much weaker inotrope than sulmazole.

Polyazapentalenes® which have a suitable disposition of
N-atoms have the same number of m-electrons as several
aza-analogues of the indene anion and the pentalene dia-
nion. This fact led us to speculate that certain sulmazole
analogues, possessing 101 polyazapentalene ring systems,
may have similar electronic interactions to those of 1 at a
common inotropic receptor site. If this hypothesis is correct
these 10x polyazapentalene ring systems might also be good
bio-isosteres for the imidazopyridine nucleus of sulmazole.
From a consideration of the SAR’s described above we fur-
ther hypothesized that analogues 8, 9, 11, 12, 15, and 17
would display inotropic effects in vitro. The syntheses of
heterocycles 8-17 were therefore undertaken to aid the test-
ing of this hypothesis.

Chemistry

The 1H-imidazo[1,2-a}imidazole 8 was prepared by con-
densation of 2-aminoimidazole 18% with 2-bromo-2’,4’-di-
methoxyacetophenone (19) (Scheme 2). This reaction gave
8 as a minor product, and a major product, tentatively as-
signed structure 20, which was converted into 8 by treat-
ment with zinc and acetic acid. Since there are few re-
ports'®!D describing the conversion of mono- (or un-) sub-
stituted 2-aminoimidazoles into 1H-imidazo[1,2-a]imida-
zoles we wished to confirm the structure of 8 especially
since this compound is formed in low yield. An X-ray crys-
tallographic study of the minor product from the above re-
action did indeed show that it had structure 8 as shown in
Figure 1. The major product was inferred to be the 1,6-dis-
ubstituted derivative 20, rather than the 142-disubstituted-
isomer 21, by n.O.e. experiments. Thus, in the !H-n.m.r.
spectrum of this compound an enhancement of the H-2 sig-
nal was observed on irradiation of the NCH; protons and
vice versa.

Synthesis of the imidazo[2,1-b]thiazole 9 was achieved as
described!?. The 1,4-dihydroimidazo[4,5-d]imidazole 11
was prepared by hydrolysis of nitrile 10, this intermediate
being obtained by condensation of 4,5-diamino-1-methyl-
imidazole (22)'® with acid 23!¥ (Scheme 3). In a similar
manner the 1(2),4-dihydroimidazo[4,5-cipyrazole deriva-
tives 12, 15, and 17 were obtained from the precursors 13,
14, and 16 respectively (Scheme 4). Sulphide 13 was syn-
thesized by reaction of 3,4-diaminopyrazole (24)! with
acid 259. Oxidation of sulphide 13 with m-chloroperben-
zoic acid gave sulphoxide 12. Nitriles 14 and 16 were pre-
pared by condensation of acid 23'¥) with diamine 24 and
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3,4-diamino-1-methyl pyrazole (26), respectively. Hydro-
lysis of 14 gave amide 15 and 17 was obtained from nitrile
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16. Diamine 26 was prepared from 3(5)-acetamidopyrazole
(27)!9 by the reaction sequence shown in Scheme 5.

Structure-activity relationships

The inotropic activities and pK,’s of the sulmazole anal-
ogues are given in Table 1. All the polyazapentalenes, with
the sole exception of heterocycle 8, displayed inotropic ef-
fects in vitro. However, only analogues 12, 15, and 17 dem-
onstrated inotropic actions when evaluated in vivo.

The pK, values indicate that at physiological pH most of
these heterocycles are not substantially protonated or de-
protonated. Thus, the imidazo[1,2-a}imidazole 8 (pK,, BH*
6.80) should exist predominantly as the non-ionized species
under the conditions of the in vitro assay system. The find-
ing that analogue 8 is devoid of inotropic activity, therefore,
cannot be so readily explained in terms of inactive proto-
nated species as is the case for the inactive azaindole 6 (pK,,
BH' 8.27). Indeed, several 1H-imidazo[4,5-c]pyridine sul-
mazole analogues, which have pK,’s of 6.0-6.5, are potent
inotropic agents®. Nevertheless, the proportion of proto-
nated species present at pH 7.4 is greater for analogue 8
(20%) than for the 1H-imidazo[4,5-c]pyridines (4-11%) and
this difference may be related to the changes in inotropic
effects observed.

Contrary to a previous report'?, we found that the imida-
zo[2,1-b]thiazole 9 displayed modest inotropic effects in
vitro. In an attempt to explain why analogue 9 possesses

conc. H280 4

= 10 - 11

inotropic properties, but compound 8 does not, we have in-
vestigated the tautomerism, conformation and geometry of



228

Barraclough, Iyer, and coworkers

C02H
H
NH2 + OMe POCI3
0 L A
N NH N
H > H OMe
X
MCPBA
24 + 25 X = SMe ——b 13 - 12
cone. H2804
23 X = CN ———— 14 — 15
j NH, POCI, conc. H,S0,
MeN\ + 23 ——— 16 —_—— 47
N
NH2
26
Scheme 4
NO,
”—k K2003, Mel f.HNOS. conc. HasO 4 2
N H —— Me—N\l I >  Ne— \‘ j
NC(O)Me H H
N © NC(O)Me N™ “Nc(OoMe
27 28 29
SNHCI, 100 NO, SnCl,,, SNHCI
_— Me—l\ —— 26
N7 N, 90
30
Scheme 5

1H-8, TH-8, and 9 by X-ray crystallography and BConmur.
studies. Furthermore, charge densities and dipole moments
have been calculated by CNDO/2'®) and geometries, bond
orders and heats of formation by AM1'” methods utilising
the semi-emperical molecular orbital ((M.O.) program
MOPAC!#20). Bird aromaticity indices?? and bond orders
(n) of 1H-8 and 9 have also been estimated from their X-ray
derived bond lengths (R) by employing the Gordy equation
n=aR? + b where a and b are constants (Table 2, Figure 2).
The CNDO/2 imidazo nitrogen charge densities of sulma-
zole, 7H-8 and 9 were calculated to be -0.266, -0.300, and
-0.226, respectively. In addition, the results of AM-1 calcu-
lations'” performed on each tautomer of 8 indicate that the
1H-tautomer of 8 is of lower energy than 7H-8. The elec-
tron-rich imidazo nitrogen atoms of the 7H-tautomer of 8
and analogue 9 both reside in the ’B’ ring, whereas the
1H-tautomer of 8 has such an imidazo nitrogen atom in the
’A’ ring. Thus, 7H-8 and 9 have the two molecular proper-
ties commonly associated with inotropic sulmazole anal-
ogues. However, 1H-8 and the inactive azaindole 6 possess
"B’ ring pyrrolic nitrogen atoms and hence one might expect

1H-8 to be inactive. If 1H-8 were the major tautomer present
at the inotropic receptor site(s) for 9 the above reasoning
would explain the inactivity of analogue 8.

The X-ray crystallographic study of heterocycle 8 only de-
tected the 1H-tautomer in the conformation shown in Figure
1. From the bond lengths and angles determined for 1H-8,
and those reported?? for 6-phenylimidazo[2,1-b]thiazole a
comparison could be made between the geometries derived
from M.O. calculations and those from the X-ray data
(Figures 2 and 3). Thus, the calculated and observed values of
the bond lengths and angles are in reasonable agreement for
several, but not all, bonds and indicate a delocalised, almost
symmetrical N1-C7a(N4)-N7 moiety for 14-8. In addition
the 2,3 and 5,6 bonds of 1/-8 and 9 have bond lengths typical
of almost pure double bonds (ethylene 1.34 A)andin general
the divergence from the calculated bond lengths and angles is
greater for 9 than for 1H-8. These differences may be due to
crystal packing forces not accounted for in the quantum
mechanical calculations on the isolated molecules and also to
the larger number of approximations®” involved in the M.O.
calculations of the sulphur containing heterocycle 9.

Arch. Pharm. (Weinheim) 325, 225-234 (1992)
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Table 1: Inotropic Activities of Sulmazole Analogues

Compound pAgp%® n

4.7020.10
4.26£0.06
5.10£0.08
4.0340.05
3.45+0.33
inactive
3.10+0.07
Inactive
3.840
3.24%0.07
3.6410.09
3.7530.10
17 3.8840.05
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ED50° PKp®
BH* &
08 391
>3.0 4344
>10 <1 9.00
0.49 3.65 8.73
8.27
>3.0
6.80
468
>3.0 3.80 1.7
0.63 3.80 12.1
0.28
0.22 399 124

a Parameter of in vitro inotropic potency; negative logarithm of drug concentration required to
give a 50% increase in basal contractile force for n experiments. Paced guinea pig papillary
muscle preparations were employed. Inactive; 50% increase not achieved.

b Parameter of in vivo inotropic potency: EDsp is the effective dose (mg/kg i.v.) of drug
required to produce a maximum increase of 50% in dP/dt in anaesthetized open-chest dogs,

where P is left ventricular pressure:

¢ refers to equilibrium between non-ionized hetercycle and monocation (BH*) or monoanion
(B’). Values were determined spectrophotometrically 30) a1 25°C in water and their accurancy
varied as a result of stability and solubility differences but a typical error was & 0.08. For the
BH* measurements the ionic strengh (I) < 0.07, but for B- determinations 1 > 0.07.

d determined in DMSO-H20 (1:9)

Tab. 2:

Compound AHg K q
9(NH) 373 2.8 -0.226
9(NO) 40.5 1.8 -0.219

1H-8{NO) 58.8 56 0274
1H-8(NH) 60.4 5.1 -0.293
TH-8(NH) 61.7 23 -0.301
7H-8(NO) 63.5 26 -0.301

AH; = Heat of Formation Kcal mole™!
L = dipole moment (D)
q = atom-centred charge density of Imidazo N.

Bond orders (n) have been calculated for 1H-8 and 9 by
the method of Bird 2V utilising the Gordy equation n = aR2
+ b and also from molecular orbital calculations using
MOPAC. 1t is interesting to note that the bond orders esti-
mated by the Gordy equation are always higher (by 0.02-
0.53) than those derived from M.O. calculations. Further-
more there are several discrepancies between the relative
bond orders obtained by the two methods. Nevertheless the
calculated bond orders for 9 and 1H-8 are in broad agree-
ment with those calculated for the corresponding parent he-
terocycles®?® by CNDO/2 and n.m.r. methods. Interesting-
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ly, the Bird aromaticity indices?" for 1H-8 obtained from
the two sets of bond orders are almost identical (Is s 51 and
52) whereas for 9 the indicies are different (Is 5 48 by Gordy
equation and 39 by M.O. calculations). This latter dif-
ference may reflect the greater errors in M.O. calculations
for the sulphur containing heterocycle 9. Whether these em-
perical 15 s values indicate any real difference in aromatic
character between the two heterocycles is not certain®%2%.
The lower heat of formation of 9, relative to 8, may be due
to reduction of angle strain and to sulphur d-orbital partici-
pation.

Bc-n.mur. studies®® have shown that while 1H-8 is the
major tautomer observed in CDCl; solution its conforma-
tion has the NH and 2’-OMe groups in close proximity, in
contrast to the conformation adopted in the crystal where
the NH and H-6’ protons are adjacent. These studies’® also
indicate, that 8 exists predominantly as the 7H-tautomer in
(CD3);S0, CD;0D, or D:0-CD;0D solutions. The changes
in tautomer and conformation found between the solid state
and various solvents are not surprising in view of the small
energy difference between the tautomers of 8 i.e. the heat of
formation of 1H-8 is calculated to be 1.3-4.8 kcal (depend-
ing on conformation) lower than that of 7H-8. An explana-
tion for the existence of the 1H-tautomer in the crystal lat-
tice may be that the calculated dipole moment of the 1H-
form (5.07 D) is much greater than that of the 7H-form (2.3
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A. Bond Lengths (A)
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Fig. 2:
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B. 8ond Orders

1H-8

g

A. Bond lengths (A) derived from M.O. calculations and (in parentheses) those from those X-ray
crystallographic studies on 1H-8 and 6-phenylimidazof2,1-b]thiazole.
B. Bond orders derived from M.O. calculations and (in parentheses) those from the Gordy equation

D) and the stabilization energy for interaction of two 1H-
forms is greater than that for two 7H-forms. In solution
hydrogen bonding could be the most important solute-sol-
vent interaction determining the relative stabilities of the
tautomers. Thus, in CDCl;, 1H-8 may be stabilized by an
intramolecular hydrogen bond between the NH and 2°-OMe
groups. Intermolecular hydrogen bonding between the NH
group of 7H-8 and the oxygen atom of (CD3)%,SO0 or CD;0D
might be the dominant interaction stabilizing the 7H-form in
these solvents. It is difficult to predict the tautomeric ratio
of 8 in the environment of the inotropic receptor. If 7H-8 is
the major species present we are unable to explain the rela-
tionship between its physicochemical properties and lack of
inotropic activity.

The 1,4-dihydroimidazo{4,5-djimidazole 11 had a lower
in vitro inotropic potency than analogue 4 and this finding
may reflect primarily the presence of the methyl group in 11
rather than changes in 'A’ ring electronic properties. Both
11 and 4 possess a common structural unit [(N)NC-CN(N)]
in their heterocyclic rings. Interestingly both heterocycles

display only very weak inotropic effects in vivo although
analogue 11 has a higher pK, value than that of 4. These
observations are consistent with one requirement for in vivo
inotropism being the presence of a basic (1 < pK, < 7) or
electron-rich *A’ ring nitrogen atom in the heterocyclic sul-
mazole analogue. However, analogues 11, 7, and 3 (but not
4), which possess such a A’ ring nitrogen atom, are poor
inotropes in vivo. Thus, several molecular properties may be
associated with in vivo activity, and for heterocycles 11 and
7 the presence of the methyl groups appear to have det-
rimental effects on both in vitro and in vivo activity.

Heterocycles 12, 15, and 17 have similar inotropic poten-
cies in vitro to that of the 1H-imidazo(4,5-c]pyridazine 5. In
vivo, however, carboxamide 15 displayed more potent ino-
tropic effects than sulphoxides 12 and 5. Replacement of a
4’-S(O)Me group by a 4’-C(O)NH, substituent led to simi-
lar changes in the inotropic activities of the imidazopyri-
dines®.

Carboxamides 15 and 17 are inotropic agents of approxi-
mately equal potency, both in vitro and in vivo. Thus, N-2

Arch. Pharm. (Weinheim) 325, 225-234 (1992)
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A. M.O. Calculations

1H-8

117.9 08.1

N 1
117.3] 107.7

107.5 Ph
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1H-8

Fig. 3: Bond angles derived from (A) M.O. Calculations and (B) from X-ray crystallographic
studies on 1H-8 and 6-phenylimidazo(2,1-b}thiazole

Tab. 3: Atomic Co-ordinates of 8

Atom X Y z

02  0.2297(2) -0.0629(2) -0.0392(1)
O4' 0.0363(2) -0.0330(2) 0.2760(1)
N1 0.4226(3) 0.3262(2) -0.0103(2)
N4 05141(3) 0.2315(2) -0.1400(2)
N7  0.5903(3) 0.4486(2) -0.1185(2)
C2  0.3731(3) 0.1906(3) -0.0178(2)
C3  0.4202(3) 0.1319(3) -0.0972(2)
C5  0.6054(3) 0.2583(3) -0.2157(2)
C6  0.6498(4) 0.3882(3) -0.2007(2)
C7a 0.5093(3) 0.3477(3) -0.0859(2)
C1'  0.2819(3) 0.1347(3) 0.0579(2)
C2  0.2106(3) 0.0069(3) 0.0470(2)
C3  0.1206(3) -0.0440(3) 0.1208(2)
C4  0.1181(3)  0.0303(3)  0.2077(2)
C5  0.1845(3) 0.1556(3) 0.2213(2)
Ce'  0.2642(4) 0.2067(3) 0.1456(2)
C12  0.1665(4) -0.1958(3) -0.0504(2)
C13  0.0330(4) 0.0284(4) 0.3709(2)
H1  0.408(3)  0.392(3)  0.041(2)
H3  0.412(3)  0.040(3) -0.125(2)
H5  0.630(3) 0.188(2)  -0.265(2)
HE  0.710(3)  0.443(3) -0.240(2)
H3'  0.076(3) -0.131(2)  0.112(2)
H5'  0.180(3)  0.218(3)  0.279(2)
He'  0.313(3)  0.295(3)  0.156(2)
H8  0.189(3) -0.228(3)  -0.118(2)
He  0.213(3) -0.262(3)  0.002(2)
H10  0.053(3) -0.193(3)  -0.058(2)
H11  -0.037(3) -0.033(3) 0.411(2)
H12  0.138(3)  0.037(3)  0.407(2)
H13 -0.016(3)  0.129(3)  0.361(2)

methylation of heterocycle 15 appears to have little, if any,
effect on its inotropic properties. This result contrasts with
the reduction in inotropism usually observed®” when other
sulmazole analogues are methylated. In view of this finding
it will be of interest to determine the inotropic activities of

Arch. Pharm. (Weinheim) 325, 225-234 (1992)

the N-methyl derivatives corresponding to the four possible
tautomers of heterocycle 15 and also to investigate the tau-
tomerism of 15 and 17.

The principal effects of analogues 12, 15, and 17 in vivo
were a dose-dependent inotropic effect (increase in dP/dt), a
rise in heart rate (HR), and a fall in diastolic blood pressure
(BP). A preliminary evaluation of these analogues showed
that compound 12 and sulmazole had similar potencies for
eliciting these effects. Heterocycles 15 and 17, however,
appeared to be a little more selective as inotropes than sul-
mazole (15, ED3BP 1.2, ED,¢HR > 3.0; 17, ED3BP > 3.0,
ED;gHR 0.5, n = 2; sulmazole, ED3;(BP 1.25, ED;gHR 0.5
mg kg'!), and the duration of the inotropic effects of 15 also
appeared greater than that for sulmazole (60 vs 30 min,
bolus iv). Further comparative experiments (n > 3) will be
required, however, to determine whether these apparent
small selectivity differences are significant.

In summary, our SAR hypotheses, with the exception of
the prediction for analogue 8, appeared to be correct. The
1,4-dihydroimidazo{4,5-c]pyrazole ring system proved to be
the best bio-isostere for the imidazopyridine moiety of sul-
mazole. Further studies of analogues 15 and 17, and their
methyl derivatives may prove to be of value in under-
standing the SAR’s of sulmazole analogues.

We wish to thank the staff of Molecular Structure Corporation, 3304
Longmire Drive, College Station, Texas 77840, U.S.A. for the X-ray crys-
tallographic study and Mr. C.J. Wharton for valuable discussions.

Experimental Part

Melting points: Kofler hot-stage instrument, uncorrected.- 'H-NMR
spectra: Bruker HFX90 (90 MHz), Bruker AM-200 (200 MHz), or WM
360 (360 MHz), TMS as internal standard.- Mass spectra; Kratos MS-25 70
eV.- Org. extracts were dried over MgSOy.
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2-(2 4-Dimethoxyphenyl)-1H-imidazo[1 2-a]imidazole(8) and
1-(2,4-Dimethoxybenzoylmethyl)-6-(2 4-dimethoxyphenyl)-1H-imidazo
[1,.2-alimidazole (20)

2-Aminoimidazole hydrochloride (18)” (478 mg, 4.0 mmol) was stirred
in ethanol (10 ml) at 70°C as 2-bromo-2’,4’-dimethoxyacetophenone (19)
(1.04 g, 4.0 mmol) was added, followed by NaHCO; (672 mg, 8.0 mmol).
After 20 min a white solid precipitated. Heating was continued for 3 h, and
the mixture allowed to stand overnight. Conc. HCI (1 ml) was added and
the mixture refluxed for 5 h. Ethanol was then evaporated, the mixture
neutralized with NaHCOj; and extracted with CHCl3. The extracts were
dried and the solvent removed in vacuo. T.l.c. (silica, CHCl;-MeOH 10:1)
showed two components, Ry 0.34 and 0.59 which were separated by col-
umn chromatography (silica, CHCl3-MeOH 19:1). The lower Ry compound
was 8 (170 mg, 17%) m.p. 170°C.- C;3H;3N30; - 0.1 H,0 (245.1) Calcd. C
63.7 H 5.43 N 17.2 Found C 63.5 H 539 N 17.0.- 'H-NMR (200 MHz,
CDCl): & (ppm) = 3.81 (3H, s, OCHy), 3.89 (3H, s, OCHj3), 6.45 (2H, m,
H-3’, H-5), 6.99 (2H, s, H-5, H-6), 7.42 (1H, s, H-3), 7.73 (1H, d, I = 8.5
Hz, H-6"), 8.47 (1H, s, exch., NH).- m/z 243 (M*).- The higher R¢ com-
pound was assigned structure 20 (360 mg, 43%), m.p. 161-167°C.-
C3H23N305 (421.5) Caled. C 65.5 H 5.50 N 9.98 Found C 65.3 H5.56 N
9.75.- 'H-NMR (200 MHz, dmso-dg): & (ppm) = 3.78 (3H, s, OCH3), 3.89
(3H, s, OCHg3), 3.92 (3H, s, OCHj), 4.04 (3H, s, OCHj), 534 (2H, s,
NCH,), 6.53 (1H, dd, J = 1; 8 Hz, H-5%), 6.61 (1H, d, J = 1 Hz, H-3"), 6.70
(1H, dd, J = 1; 8 Hz, H-5"), 6.78 (1H, d, J = 1 Hz, H-3), 7.05 (1H, d, J =
2.5 Hz, H-2),7.25 (1H, d, } = 2.5 Hz, H-3), 7.57 (1H, 5, H-5), 7.85 (1H, d,J
= 8 Hz, H-6"), 7.88 (1H, d, J = 8 Hz, H-6"). n.O.e. experiments: Irradiation
of the & = 5.34 signal (NCH,) gave a strong enhancement of the 8 = 7.05
signal (H-2); irradiation of the & = 7.57 signal (H-5) gave an enhancement
of the § =7.25 signal (H-3).

Ketone 20 (0.30 g, 0.71 mmol) was dissolved in 80% aqueous acetic acid
(12 ml) and zinc powder (0.90 g, 13.8 mmol, acid-washed) was added in por-
tions with vigorous stirring over 10 min. The mixture was stirred at room
temp. for 5 h, the excess zinc removed by filtration and the filtrate evap-
orated. 2 N HCI (25 ml) was added to the residue, the resulting solution
washed twice with ethyl acetate, and then basified with 6% aqueous
NaHCOj solution. The mixture was extracted twice with chloroform, the ex-
tracts dried and evaporated to yield a gum. This material was stirred with
ethylenediaminetetracetic acid disodium salt (0.50 g) and water (10 ml) for 1
h and then warmed until solution occurred. After cooling, the mixture was
basified with 6% aqueous NaHCO; solution and extracted twice with chloro-
form. The extracts were dried and evaporated giving a crystalline solid. Re-
crystallisation from ethyl acetate yielded 0.12 g (70%) of 8, m.p. 171-173°C.
Admixture with the sample isolated by chromatography, as described above,
did not depress the m.p. Treatment with methanolic HCI gave 8 - HCI, m.p.
232-235°C (dec.) (ethanol-ether).- C;3H;3N30, - HCI (279.7) Caled. C 55.8
H5.04N15.0Cl112.7 Found C56.0 H 5.17 N 15.0 C1 13.0.

6-(2 4-Dimethoxyphenyl)imidazo[2,1-b]thiazole (9)

was prepared by reaction of 2-aminothiazole with bromide 19 according
to Andreani et a2, 9 - HCl, m.p. 231-233°C.- C;3H;3N,0,8 - HCI - 0.5
H,0 (305.8) Caled. C 51.1 H4.61 C1 11.6 N 9.16 S 10.5 Found C 51.3 H
438 C1114N8.87S10.8.

5-(4-Cyano-2-methoxyphenyl)-1 4-dihydro-1-methylimidazo
[4.5-d]imidazole (10)

1-Methyl-4,5-diaminoimidazole (22) hydrochloride'> (1.48 g, 0.01 mol)
and 2-methoxy-4-cyanobenzoic acid (23)14) (1.77 g, 0.01 mol) were pul-
verized together and added portionwise to POCl; (50 ml). The mixture was
heated at reflux for 3 h, cooled to room temp. and the resulting precipitate
collected by filtration. This material was stirred in water and the mixture
neutralized with 2 N NaOH solution. The resulting solid was filtered off and
recrystallized from EtOH-H,0 to give 0.95 g (38%) of 10, m.p. 293-295°C
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(dec.).- C13HN5O (253.3) Calcd. C 61.7 H 4.38 N 27.7 Found C 61.5 H
4.51 N 27.5.- '"H-NMR (200 MHz, dmso-dg): 8 (ppm) = 3.80 (3H, s, NMe),
4.04 (3H, s, OMe), 7.47 (1H, dd, ] = 8; 1 Hz, H-5"), 7.61 (1H, d, J = 1Hz, H-
3),7.65 (1H, s, H-2), 8.31 (1H, d, ] = 8 Hz, H-6").- m/z =253 (M").

5-(4-Carbamoyl-2-methoxyphenyl)-1 4-dihydro-1-methylimidazo
[4,5-d]imidazole (11)

Nitrile 10 (0.70 g) and conc. H,SO,4 (15 ml) were stirred together at 0°C
for 2 h. The resulting solution was allowed to stand at room temp. for 48 h,
then poured onto ice, and the mixture neutralized with 10 N NaOH at 10°C.
The insoluble solid was filtered off, dried, and then dissolved in 2 N HCl sol-
ution. The solution was evaporated to dryness and the residue recrystallized
from EtOH to give 0.32 g (35%) of 11 hydrochloride hydrate, m.p. 281-
283°C (dec.).- C13H 3N50, - 1.1 HCI- 1.1 H,0 (331.2) Caled. C47.1 H4.96
N 21.2 C111.8 Found C 47.3 H 5.10 N 20.8 C! 11.8.- '"H-NMR (200 MHz,
dmso-dg): & (ppm) = 3.98 (3H, s, NMe), 4.06 (3H, s, OMe), 3.6-4.4 (2H,
v.br. peak, NH,, exchang.), 7.46 (1H, br. s, NH, exchang.), 7.61 (1H, dd, J =
8; 1 Hz, H-5%), 7.68 (1H, d, J = 1 Hz, H-3’), 8.10 (1H, br. s, NH, exchang.),
8.17 (1H, d, J = 8 Hz, H-6"), 8.58 (1H, br. s, H-2).- m/z =271 (M™).

Ii‘;-Dihydro-S-(2-methoxy—4-methylthiophenyl)imidazo[4,5 -c]pyrazole
(13)

3,4-diaminopyrazole 24 dihydrochloride' (3.42 g, 0.02 mol) and 2-
methoxy-4-methylthiobenzoic acid (25)6) (3.96 g, 0.02 mol) were pul-
verized to a fine powder and added in portions to POCl; (100 ml) with
stirring. The reaction mixture was then heated at reflux for 3 h. Volatiles
were removed in vacuo and the residue triturated with ice-water. The re-
sulting yellow solid was collected by filtration, then stirred in water and the
pH of the suspension adjusted to 9.0 with 0.880 NH;. After standing for 1
h, the solid was collected by filtration, recrystailized from EtOH-H,0, and
dried at room temp. to give 4.0 g (72%) of 13, m.p. 250-251°C.-
C;2H;3,N40S - HyO (278.3) Caicd. C 51.8 H 5.06 N 20.1 Found C 52.0 H
5.00 N 19.9.- 'H-NMR (200 MHz, dmso-dg): 8 (ppm) = 2.54 (3H, 5, SMe),
4.02 (3H, s, OMe), 6.88-7.05 (2H, m, H-3°, H-5"), 7.40 (1H, br. s, H-3),
8.12 (1H, d, J = 8 Hz, H-6°).

14-Dihydro-5-(2-methoxy-4-methylsulphinylphenyl)imidazo
[4,5-c]pyrazole (12)

Sulphide 13 (3.90 g, 0.014 mol) was suspended in dry CHCl; (180 ml)
and cooled to -15°C. A solution of m-chloroperbenzoic acid (3.0 g, 85%,
0.015 mol) in dry CHCl; (35 ml) was added dropwise to the above suspen-
sion at such a rate that the temp. was maintained below -10°C. The reaction
mixture was stirred at -10°C for 2 h and then filtered to remove unreacted
13. The filtrate was washed with 5% aqueous NaHCO; solution (3 x 100
ml), the aqueous layers were saturated with NaCl, and then extracted with
CHCl; (3 x 100 ml). The combined CHCl; extracts were dried and evap-
orated in vacuo to give a tan foam, This material was purified by flash
chromatography (Rs 0.3, SiO,, CH,Cl, - MeOH, 94:6), then dissolved in N
HCI and evaporated to dryness. The residue was crystallized from MeOH-
ether to give 1.3 g (28%) of 12 hydrochloride, m.p. 185-188°C.-
C1pH2N40,58 - HC1- 1.2 Hy0 (334.4) Caled. C 43.1 H4.64 N 16.8 C110.6
Found C 43.0 H 4.55 N 16.7 Cl 10.8.- '"H-NMR (200 MHz, dmso-dg): &
(ppm) = 2.88 (3H, s, SMe), 4.11 (3H, s, OMe), 7.52 (1H, dd, ] = 8; 1 Hz,
H-5%), 7.61 (1H, d, J = 1 Hz, H-3’), 8.10 (1H, s, H-3), 8.36 (1H,d, J =8
Hz, H-6").- m/z =276 (M™).

5-(4-Cyano-2-methoxyphenyl)-1 4-dihydroimidazo[4.5-c]pyrazole (14)

3,4-Diaminopyrazole (24)'> dihydrochloride (3.45 g, 0.02 mol), 4-
cyano-2-methoxybenzoic acid (23)'® (3.66 g, 0.02 mol) and POCl; (100
ml) were reacted as for the preparation of 10. The mixture was worked up
as before and the crude product was chromatographed on silica, eluting
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with CH,;Cl, - MeOH (9:1), to give 0.62 g (12%) of 14, m.p. 256-258°C.-
C;,HgN;s0 (239.2) Caled. C 60.2 H 3.79 N 29.3 Found C 60.5 H 4.01 N
29.1.- 'TH.NMR (200 MHz, dmso-dg): & (ppm) = 4.06 (3H, s, OMe), 7.48
(1H, br. s, H-3), 7.51 (1H, dd, J = 1; 8 Hz, H-5’), 7.68 (1H, d,J = 1 Hz,
H-3’), 8.35 (1H, d, J = 8 Hz, H-6"), 11.8 (br. peak, NH, exchang.), 12.7 (br.
peak, NH, exchang.).- m/z = 239 (M™).

5-(4-Carbamoyl-2-methoxyphenyl)-1 4-dihydroimidazo[4,5-c]pyrazole(15)

Nitrile 14 (0.50 g) and conc. H,SO, (10 ml) gave, by the method used to
prepare 11, a 46% yield (0.30 g) of 15 hydrochloride, m.p. 225-226°C
(dec.).- C;oH 1N5sO- HC1 - H,0 (311.7) Caled. C 46.2 H 4.53 N 22.5 Cl
11.4 Found C 46.0 H 4.49 N 22.8 C1 11.6.- 'H-NMR (200 MHz, dmso-dg)
8 (ppm) = 3.0-5.0 (3H, v. br. peak, NH’s, exchang.), 4.08 (3H, s, OMe),
7.62 (1H, br. s, NH, exchang.), 7.68 (1H, dd, J = 8; 1Hz, H-5%), 7.77 (1H, d,
J=1Hz, H-3"), 8.08 (1H, br. s, H-3), 8.26 (2H, br. d, J = § Hz, H-6", NH,
1H exchang.).- m/z = 257 (M*).

_(51-(64-Cyano—2-methoxyphenyl)~2,4-dihydra-2-methy1imidazo[4,5-c]pyrazole
)

3,4-Diamino- 1-methylpyrazole (26) dihydrochloride (1.10 g, 6.0 mmol),
acid 23" (1.06 g, 6.0 mmol) and POCl; (30 ml) gave, by a procedure
analogous to that used for the preparation of 10, a 53% yield (0.80 g) of 16,
m.p, 235-237°C.- C3H;;NsO (253.3) Calcd. C 61.7 H 4.37 N 27.7 Found
C 61.5H 4.45 N 27.4.- 'H-NMR (200 MHz, dmso-dg): § (ppm) =3.98 (3H,
s, NMe), 4.04 (3H, s, OMe), 7.52 (1H, dd, J = 8; 1 Hz, H-5"), 7.61 (1H, s,
H-3), 7.69 (1H, d, J = 1 Hz, H-3"), 8.37 (1H, 4, J = 8 Hz, H-6"), 11.5 (1H,
br. s, NH, exchang.).- m/z = 253 (M™).

5-(4-Carbamoyl-2-methoxyphenyl)-2 4-dihydro-2-methylimidazo
[4,5-cjpyrazole (17)

Nitrile 16 (0.7 g) and conc. H;S0,4 (15 mi) gave by the method used to
prepare 11 0.50 g (54%) of 17 hydrochloride, m.p. 218-222°C (dec.).-
Cy3H;3N50; - 1.1 HCI - 1.25 H;0 (333.7) Caled. C46.8 H5.01 N 21.0Cl1
11.7 Found C 46.8 H 4.89 N 20.9 CI 11.8.- '"H-NMR (200 MHz, dmso-dg):
& (ppm) = 3.6-4.4 (2H, v. br. peak, NH,, exchang.), 4.08 (6H, s, NMe,
OMe), 7.62 (1H, br. s, NH, exchang.), 7.68 (1H, dd, J = 8; 1 Hz, H-5"),
7.77 (1H, d, J = 1 Hz, H-3"), 8.12 (1H, s, H-3), 8.27 (2H, br. d, J = 8 Hz,
H-6’, NH, 1H exchang.).- m/z =271 (M").

3-Acetamido-1-methylpyrazole (28)

3(5)-Acetamidopyrazole (27)'% (15.0 g, 0.12 mol), acetonitrile (150 ml),
K,CO3 (50.0 g, 0.36 mol) and iodomethane (75 ml, 1.2 mol) were stirred and
heated at reflux for 3 h. More iodomethane (75 ml) was added and heating
continued for a further 3 h. After cooling, the mixture was evaporated, the
residue stirred with CHCl3 (150 ml) for 15 min and then filtered. The filtrate
was evaporated, the residual solid chromatographed on silica, and elution
with CH,Cl,-MeOH (99:1) gave 7.5 g (45%) of 28, m.p. 103-104°C.-
CgHgN30 (139.2) Calcd. C 51.8 H6.52 N 30.2 Found C 52.0H 6.64 N 29.9.-
'H-NMR (200 MHz, dmso-dg): & (ppm) = 1.97 (3H, s, C-Me), 3.71 (3H, s,
N-Me), 6.40 (1H, d,J = 0.7 Hz, H-4), 7.50 (1H, d, J = 0.7 Hz, H-5), 10.3 (1H,
br. s, NH, exchang.). n.O.e. experiments: Irradiation of the & = 3.71 signal
(N-Me) gave an enhancement of the 8 = 7.50 signal (H-5) only. Irradiation of
the 8 = 10.3 signal (NH) gave an enhancement of the 8 = 1.97 signal (C-Me).

3-Acetamido-1-methyl-4-nitropyrazole (29)

Amide 28 (7.0 g, 0.05 mol) was dissolved in conc. H,SO4 (28 ml at 0°C)
and fuming HNO; (2.80 ml, d = 1.52, 0.07 mol) added over 10 min with
stirring and external cooling to maintain the temp. at 0°C. The mixture was
stirred at 0-5°C for 2 h, poured onto ice (150 g) with vigorous stirring, and
the solid collected by filtration. This material was crystallized from water
and dried under vacuum at 80°C to give 5.3 g (56%) of 29 hydrate, m.p.
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154-157°C; 1it?"®: mp. 181-182°C (anhyd.).- CgHgN4O; - 0.25 H,0
(188.7) Caled. C 38.2 H 4.54 N 29.7 Found C 382 H 4.26 N 29.9.-
TH-NMR (200 MHz, dmso-dg): 8 (ppm) = 2.04 (3H, 5, C-Me), 3.84 3H, s,
N-Me), 8.75 (1H, s, H-5), 10.1 (1H, br. s, NH, exchang.). The aqueous
filtrate from the above experiment was extracted with CHCl; (3x), the
combined extracts were dried and evaporated to give 2.2 g of a yellow
solid. This material was shown, by n.m.r., to be a 6:1 mixture of 30 and 29.

3-Amino-1-methyl-4-nitropyrazole (30)

Amide 29 (5.0 g, 0.03 mol) and 5 N HCI (40 ml, 0.20 mol) were stirred
and heated at reflux for 3 h. The cooled mixture was evaporated to dryness
and the residue crystallized from methanol to give 3.4 g (88%) of 30, m.p.
197-199°; 1it:?®: m.p. 200°C.- C;HN,0, (142.1) Caled. C 33.8 H4.25 N
39.4 Found C 33.9 H 4.35 N 39.2.- 'H-NMR (200 MHz, dmso-dg): & (ppm)
= 3.66 (3H, s, Me), 6.22 (2H, br. s, NH,, exchang.), 8.45 (1H, s, H-5).
n.O.e. experiments: Irradiation of the & = 3.66 signal (Me) gave an en-
hancement of the 8 = 8.45 signal (H-5) only.

3 4-Diamino-1-methylpyrazole (26) dihydrochloride

Nitroamine 30 (2.60 g, 0.02 mol) and 5 N HCl (40 ml, 0.20 mol) were
stirred at 95°C and a suspension of SnCl, - 2 H,O (12.4 g, 0.06 mol) in
water (50 ml) was added over 75 min. The mixture was stirred at 95°C for
2 h, cooled to room temp. and H,S bubbled through the solution until
precipitation ceased. Inorganic material was removed by filtration and
washed with hot 2 N HCI. The combined filtrates were evaporated and the
residue crystallized from ethanol-ether to give 1.9 g (56%) of 26 - dihydro-
chloride, m.p. 210-212°C.- C4HgN4 - 2 HC1 (185.1) Caled. C26.0 H 545 N
30.3 C1 38.3 found C 25.8 H 5.67 N 30.0 CI 38.1.- '"H-NMR (200 MHz,
dmso-dg): & (ppm) = 3.72 (3H, s, NMe), 4.0-5.0 (5H, br. peak, NH, ex-
chang.), 7.80 (1H, s, H-5).

Crystallographic data for 8

C13H13N30,, M = 243.3, m.p. 170°C, monoclinic, a = 8.960 (2) A b=
9781 3) A, c=13.411 D A, B=9549 A, V=11699A% 2=4,D, =
138¢g cm'a, F (000) = 512, space group P2(1)/c. Cu-K, Radiation. p = 8.0
cm‘l, R =0.051, Rw = 0.060 for 2415 unique reflections. The structure was
solved by direct methods using a PDP-11/60 TEXRAY system and refined
by weighted full-matrix least-squares techniques with anisotropic temp.
factors for all non-H atoms. H-atoms were located and their positions and
isotropic thermal parameters refined. No peaks greater than 0.2 eA were
observed in the final difference electron density maps.

Bond lengths (in A): N1-C2 1.400 (3), N1-C7a 1.351 (3), N4-C3 1.393
(3), N4-C5 1.388 (3), N4-C7a 1.351 (3), N7-C6 1.389 (3), N7-C7a 1.329
(3), N1-H1 0.96 (3), C2-C3 1.349 (4), C1-C1’ 1.468 (4), C3-H3 0.98 (3),
C5-C6 1.340 (4), C5-H5 0.99 (3), C6-H6 0.96 (3), C1°-C2’ 1.405 (3).

Bond Angles: C2-N1-C7a 107.1 (2), C3-N4-C7a 108.6 (2), C3-N4-C5
144.8 (2), C5-N4-C7a 106.6 (2), C6-N7-C7a 102.3 (2), C2-N1-H1 129. (2),
C7a-N1-H1 124. (2), N1-C2-C3 108.7 (2), N1-C2-C1’ 119.8 (2), N4-C3-C2
106.7 (2), N4-C3-H3 124, (2), C2-C3-H3 129. (2), N4-C5-C6 104.8 (3), N4-
C5-H5 123. (2), C6-C5-H5 132. (2), N7-C6-C5 113.0 (3), N7-C6-H6 118.
(2), C5-C6-H6 129. (2), N4-C7a-N7 113.3 (3), N4-C7a-N1 108.8 (2), N7-
C7a-N1 137.8 (3), C2-C1°-C2’ 122.5 (2). Atomic Co-ordinates: Tab. 3.

Further details of the crystallographic study, including a full list of bond
lengths, bond angles, torsion angles, Beg values etc. are available from the
authors.

Cry:tallogaphic data for 6-phenylimidazo(2,1-b]thiazole has been
2
reported”™.

Bond lengths: S-C2 1.735 (6), S-C7a 1.725 (5), N4-C3 1.420 (6), N4-C5
1.382 (6), N4-C7a 1.389 (7), N7-C6 1.413 (6), N7-C7a 1.311 (6), C2-C3
1.344 (8), C5-C6 1.389 (7), C6-C1’ 1.450 (7).
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Bond angles: C2-S-C7a 92.1 (5), S-C7a-N4 109.5 (5), N4-C7a-N7 112.9
(7), C3-N4-C7a 114.1 (8), C5-N4-C7a 106.3 (7), S-C2-C3 112.3 (7), C2-
C3-N4 112.0 (8), N4-C5-C6 106.2 (7), C5-C6-N7 109.7 (7), C6-N7-C7a
104.9 (7).

Calculations of Molecular Properties

The geometries, bond orders and heats of formation of the heterocycles
were deduced by AMI1 (Austin Method 1) calculations'”? using
MOPAC'®'? software on a Cray X-MP28 supercomputer. The semi-em-
perical molecular orbital program MOPAC uses the AM1, MNDO,
MINDO/3, and MNDO-PM3 Hamiltonians. The AM1 method has been
parameterized for the elements C, H, N, and O. For the sulphur atom
MNDO parameterszo) were used. Atom-centred charge densities and dipole
moments were calculated using the semi-empirical molecular orbital
method CNDO/2'%%, Two conformers of each heterocycle were studied,
namely those in which the "B’ ring N-atom and 2’-OMe group are in close
proximity (conformer NO as shown in the structural formulaes) and those
were the ‘B’ ring N-atoms and H-6’ are adjacent (conformers NH as in
Figure 1). The bond orders (n) obtained from the AM1 (Mulliken Popula-
tion Analysis) show little variation (+ 0.01) with conformation and are
given in Figure 2. Other molecular properties are given in Table 2.

Bond orders (n) and Bird aromaticity indices were also calculated from
the experimentally determined bond lengths (R) using the Gordy relation-
ship, n = aR2+b employing the values for constants a and b utilised by
Bird”". The magnitudes of a and b are based on standard pure bond lengths
and electronegativity values.

Pharmacological Methods
Paced Guinea-pig Papillary Muscles

Single right ventricular muscle preparations, from male guinea-pigs,
were employed in organ-bath experiments at 34°C. Stimulation was ef-
fected by rectangular pulses of 1 msec duration by a SRI stimulator and a
Grass transducer was used to record isometric tension. The inotropic
potency is expressed as the negative logarithm of the concentration re-
quired to increase basal contractility by 50% (pAsgg). Full details of the
experimental protocol have been described,

In vivo experiments utilising anaesthetized dogs

Those compounds which displayed significant inotropic effects in vitro,
were routinely evaluated in vivo by determining the effects of giving single
bolus (iv) injections to anaesthetized open-chest dogs. Left ventricular
pressure (P) and its first derivative, dP/dt, were measured by the insertion
of a short cannula (containing heparinized saline and connected to a sta-
tham pressure transducer) into the left ventricular chamber via the apex of
the heart. Arterial blood pressure was measured by means of a catheter
(containing heparinized saline and connected to a Statham pressure trans-
ducer) inserted into the right femoral artery.

Heart rate was derived by use of a tachograph triggered either by the arte-
rial pulse or the ECG-QRS complex. In vivo inotropic activity was indexed
by an EDs value i.e. the dose required to produce a maximum increase of
50% above the basal value of dP/dt. Hypotensive effects were described by
an EDz value, the dose required to produce 30% decrease in diastolic blocd
pressure. The parameter used to quantify tachycardia was the ED,, the dose
required to produce a 10% increase in heart rate. Further details relating to
the experimental methods employed have been described™.
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