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C-LINKED PYRAZOLE BIARYL TETRAZOLES AS ANTAGONISTS OF ANGIOTENSIN II 

PART II’: PHARMACOKINETICS AND AN EFFICIENT REGIOSELECTIVE SYNTHESIS 

S.P. Watson*, D. Middlemiss, M. Pass, T. Hubbard, T.A. Panchal, N.M. Heron, JMS. Paton. A. Butt, 

A.W. Dean, M. Donnelly and M.K. Bayliss 
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Abatract: C-linked N-alkyl pyrazole biaryl tetrazoles (1) are highly potent antagonists of angiotensin II. 
Pharmacokinetic parameters 111 the rat an reported for two of these compounds. The N-cyclopropylmethyl 
pyrazole (la) has an oral bioavailability of 58%. In addition an efficient regioselective synthesis of 
pyrazoles (1) is described. 

Introduction 

The considerable therapeutic potential for non-peptide angiotensin II antagonists has been well 

documentedti. The search for such agents has been the focus of much effort within the pharmaceutical 

community of late and indeed a number of candidates are making progress in the clinical. In this journal 

we have reported’ the identification of C-linked N-alkyl pyrazole biaryl tetrazoles (l), which are potent 

antagonists of angiotensin II both in vitro and in vivo. Furthermore a number of these pyrazoles exhibit 

good oral potency in the renal artery ligated rat model of hypertension3. Pyrazoles (la and b) are 

particularly potent orally in this model and on this basis were selected for phaxmacokinetic study in rats. 

The results of these studies are reported herein. 

Pyrazoles (1) bear an alkyl substituent on the nitrogen atom adjacent to the pyrazole carboxylic acid 

(the &nitrogen4 atom) and are 3. 100 fold more potent in vitro than the regioisomeric pyrazoles bearing 

an alkyl substituent on the alternative pyrazole nitrogen atom (the a-nitrogen4)‘. Hitherto we had 

employed a non-regioselective pyrazole ring forming reaction (requiring tedious chromatographic 

sepamtion of a and p isomer& in the synthesis of pyrazoles (1). Whilst this ring synthesis was appropriate 

for our initial medicinal chemical investigations, a more efficient, i.e. regioselective, synthesis was 

required to furnish the quantities of pyrazoles (1) required for pharmacokinetic studies. Herein we report 

an efficient regioselective synthesis of pyrazoles (1). The key step involves the reaction of the furanone (2) 

with an alkyl hydrazine to regioselectively afford the corresponding P-substituted pyrazole methanol (3). 

(2) (3) 
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PHARMACOKINETICS 

Data obtained from pharmacokinetic studies in the rat (Table) demonstrate that both pyrazoles (la 

and b) exhibit a long plasma half-life, and furthermore, that this results from low plasma clearance rather 

than a high volume of distribution. The observation of relatively low clearances and volumes of 

distribution indicates that both compounds have high metabolic stability and are held largely in the blood 

compartment. Both of the compounds, particularly (la), am orally well absorbed. 

Table: Pharmacokinetic Parameters of Pyrazoles (la and b) in the Rat 

Pyrazole t,/z (W6 CL,, (mlmin-1kg-1)6 V, Gkg-*)6 F (W6 

la 12.3 0.20 0.20 58 

lb 14.8 0.12 0.16 26 

In our earlier work with di-acidic non-pep& angiotensin II antagonists7** we had had to resort to 

formation of a pro-drug of one of the acidic functions to enhance oral absorption. Indeed for one particular 

series of compounds we had concluded that di-acidity was so detrimental to absorption that we adopted a 

strategy of working exclusively with monoacidic species9. Hence we found the 58% oral bioavailability of 

the di-acidic pyrazole (la) particularly gratifying. 

As a consequence of these pharmacokinetic data the pyrazole (la) is currently under investigation as 

a potential clinical candidate. 

CHEMISTRY 

In our medicinal chemical investigations leading to the identification of the pyrazoles (1) we 

employed a non regiospecifx pyrazole ring synthesis (Scheme 1). The reaction of a diketone (4) with a 

substituted hydrazine, or alkylation of the corresponding N-unsubstituted pyrazole (.5), both typically 

afforxled a ya 1: 1 mixture of a and 8 substituted4 pyrazoles (6) 

0 0 

Bu 

Reagents and Condiiions: (i)RNHNH, , (ii) NH2NH,, (iii) Rl3r / NaH 

Scheme 1 

For reasons outlined above we required a regioselective pyrazole ring synthesis, our initial efforts 

were directed at alkylation of N-unsubstituted pyrazoles. However we were unable to obtain significant 

selectivity for the 8 mgioisomer using both a wide variety of substrates and conditions and a variety of 
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pyrazole y-substituents4. Interestingly however, using n-butyl lithium and ethyl iodide, alkylation of 

pyrazole (5) (R’ = Benzyl) gives 9: 1 selectivity in favour of the undesired a regioisomer. 

Having contirmed the established view lo that regioselective pyrazole alkylation is problematical we 

explored the possibility of effecting a regioselective synthesis via substituted hydrazines. 

Gelin and co-workers report” that the reaction of 3-oxo-dihydrofuran-4-carboxylate (7) with 

substituted hydrazines affords pyrazole methanols with modest regioselectivity (eqn. 1). Furthermore they 

report’? an isolated example of a 4,Sdialkyl furanone (8) reacting with alkyl hydrazines to give 

exclusively the g substituted pyrazole methanol (9) (eqn. 2) 

0 

MB’ 0 
?= 

RNHNHZ 
-b 

con” 

l%OH k$$AH Equation 1 

2 

0) 33% 66% 

R 

N-N’ 

Equation 2 

(8 (9) 

We explored the possibility of applying the chemistry of Gelin and co-workers to the synthesis of 

pyrazoles (1). Gur initial investigations were conducted using the furanone (10) as a model (scheme 2). 

The pyrazole regioisomers (12) and (13) were prepared (ratio 1:l) via the non regiospecific reacdon 

of the diketone (11) and n-butyl or i-propyl hydrazine. The isomer pairs were separated 

chromamgraphically and their mgiochemistry unambiguously assigned through ‘HNMR n.0.e. 

experiments. The furanone (10) was prepared by treatment of the diketone (11) with acid (Dowex-50 W X 

4 ion exchange resin). 

0 0 

au 

TS 

: rp (i)hen(ii)F ~~~ Zf-$ “b l:ri: 

(11) (12) (13) 

1 

(ii) 
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a R=n-Bu 
0) 
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b R=CPr 

:I 3 

(10) (12) 

Reagents and Conditions (i) RNHNH2 , (ii) Dowex-60 ion-exchange resin 

Scheme 2 
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HPLC analysis of the crude reaction mixtures revealed that treatment of the furanone (10) with 

n-butyl or i-propyl hydrazine afforded a mixture of the P-substituted pyrazole methanols (12) and 

u-substituted pyrazole methanols (13) in the ratio of 40~1. Flash column chromatography (R = n-butyl) or 

trimration of the crude product (R = i-propyl) removed all traces of the a-substituted regioisomers to 

afford pyrazole methanols (12a and b) in 76% and 73% yields respectively. 

RNHNHz 
w 

A 

R 
N-N’ 

Equation 3 

(a) R = CPM5 
(b) R = n-Bu 
(c) R = i-Pr 

68% 
85% 
92% 

Once the high regioselectivity of the furanone-hydrazine reaction (Scheme 2) had been established it 

was applied to the synthesis of the pyrazole methanols (3), which we envisaged would be convenient 

precursors of the pyrazole carboxylic acids (1). Although the reaction was slow, the appropriate 

hydrazine13 had to be used as solvent or co-solvent, we found that the furanone (2) readily affotded the B 

substituted pyrazole methanols (3) in good yield (eqn. 3) 

The complete synthesis of pyrazoles (l), incorporating the key furanone-hydrazine reaction step, is 

depicted in scheme 3, the route works equally well for N-cyclopropylmethyl, N-n-butyl and N-i-pmpyl 

pyrazoles. Reaction of the kinetic enolate of hexanone with the THP protected glycolate (15) affords the 

diketone (16) which is readily alkylated with the known l4 alkyl bromide15 (17) to afford the diketone (18). 

Treatment of the diketone (18) with Dowex 50 W X 4 ion-exchange resin in methanol affords the furanone 

(2) which is efficiently converted into the pyrazole methanol (3) as outlined above (eqn.3). The pyrazole 

methanol (3) is efficiently oxidized in two steps to give the carboxylic acid (19) which, on heating with 

tributyltin azide and subsequent acidic work up, affords the desired P-substituted pyrazole carboxylic acid 

(1). 

CONCLUSION 

Pyrazoles (la and b) have good pharmacokinetic profiles in the rat. Indeed pyrazole (la) has an oral 

bioavailability of 58% in the rat, this, in combination with its good oral efficacy in the renal hypertensive 

rat model of hypertension2, suggests that this compound has considerable potential as an anti-hypertensive 

agent. An efficient regiospecific synthesis which allows the ready preparation of large quantities of 

pyrazoles (1) has been developed. 
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Scheme 3: Regioselective Synthesis of Pyrazoles (1) 
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Reagents and Conditbns: (i) L.D.A. , Sl%:(ii) NaH I R’Br14*15 (17) 74% ; (iii) ~avex SO wX4 ion-exchmw rwin. 22%; (iv) RNHNH2, 

~gom;, (v) ~no;! w TPAP. 60.85%; (vi)N&cI I 2-methylbut-2-me I t-BuOH I NaH2P04 .tOOYd (vii) Bu2SnN2 1 A o 7bW% 

Experimental 

m Each rat recieved a single oral or intravenous doge equivalent to 3&g-’ bodyweight Blood was colkctcd under 

~u0.5.1530.45miRmd1,1J.24.6.8,10.12and24hposrdo~(2ratspertimepoint).Thebbod~~weseplrcsdin 

hepainwa tnbe~ md csnaifuged to separate the plasma F’lpsma samples Were extracted by solid phase extraction with catify II cartridges. 

The extra% were aalysed by HPLC using * Suparcosil LC-ABZ column with UV detection at 25Omn. 

ikaooaa (2,: A auponkm of Dowex-50 W X 4 ion exchange resin (15.Og) in a solution of the dik&me (1s) (37.lg. 9Ommol) in memmol 

(60ml)~r~idlysrirrednnmmtanpenhlrcf~24hfurrherresin(1S.Og)waoaddedandstirring~~for~&rthar24h.Tha~ 

W~fihdIlUOUgh~~ndthafiltrnte Mmntrared b D to afford a yeuow oil. Rash dumn chlomamgraphy on silica gal 

(bxme/atbyl mxtate (4rl) M ehtent) gave the funnone (2) as a yellow oil (26.6g. 93%). ‘H NMR (CDCi3.25OMHz): 

092&3H,CHHCH2CH2CH2), 13O(sex,2H,CH3C~CH2CH2), 1.55(quin.2H.CH3CH~H&M2), ?JO(tJH,CH3CH2CH2CHH 

356(-H&r). 4.52@,2H+O-CHH). 7.20-7.~m.8H.ammatics), 

m me- (12b): A solution of the furmxme (10) (l.GOg. 4.3mmol) in i-pmpylhydrazine (5ml) was heakd at 75’C for 6h. Wats 

(5Oml) was added and the mixture extracted with ether (3x25ml). The combined extracts were washed with&brine (25ml). dried 



156 S. P. WATSON et al. 

~M~SO~ concentrated$~ to afford a yellow solid (l.lOg). Ttituration with hexane/etber (2O:l) gave the title wmpound as a white 

Powder (0.9Og. 73%).lB NMR (CDCl3,25OMHz): 0.86(t,3H,C@H2CH2CHz). 1.2~bm.lH.CH20Y). 1.3l(sex,W.CH3CH$H2CH2), 

1.46-15~m.SH.CH3CH2CI&CH2 + (C&&H), ~.~~(L~H.CH~CH~CH~C&), 3.80@,2H.Cl&ArX 4.48(d.2H.C%OH). 

4.57(sept,lH,(CH3)2C~, 7.10-7.3O(m.5H,ammatic) 

F+yraz& methanol (36: A so1utic.n of cyclopropylmetbylhydazine (2.6g. 3Ommol) and the furttnone (2) (2.18, 63mmol) in tehahydmfwatt 

(5ml) was heated at 50% for 48h. Ethyl acetate (1OOml) was added and the mixture washed with 2N hydrochloric acid (2 x 5oml) and satd. 

brine (5Oml). dried (MgS04) and concentrated go to affmd a yellow oiL Flash column chromatography on silica gel (ethwheaane (1:l) 

as eluslt) gave the py~uole methanol (3a) as a white solid (1.708,68%). ‘H NMR (CDCl3.25OMHz): 0.38-0.6O(m.4H.CHCH&!&), 

O.SE(k3H.C~CK2CH~H,X 1.28-1.49(m,3H.CH3CH2CH2CH2 + CHCH2CH2). 1.55(quin.W.CH3CH~~CH2), 
~.~~(sW.CH~CH~CH~C~). 3.89@.2H,C~Ar), 4.06(d2H,C~cyclopropyl) 4,55(s,2H,Cg20H). 7.20-7.8O(m.EH.aromatics). 
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