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Summary - The synthesis and pharmacological activity of nonpeptide angiotensin II (Ang II) receptor antagonists are presented. 
These 3-N-substituted pyrimidine-4(3H)-one and 4-O,N,S-substituted pyrimidine derivatives represent a series of C-linked biphenyl 
tetrazole Ang II antagonists. In vitro, they displayed a high affinity for rat adrenal Ang II receptors, several compounds causing more 
than 60% displacement of [W]Sa+Ile8-Ang II from the rat adrenal Ang II receptor at 10-7 M. In vivo, several compounds displayed 
a high oral antihypertensive activity in renal hypertensive rat with decreases in systolic arterial pressure (SAP) greater than 60 mmHg 
at 10 mg/kg. 2-[2-Methyl-4-oxo-6-n-propyl-5-[[2’-(l~-~etrazol-5-yl)biphenyl-4-yl]methyl]pyrimidin-3-yl]e~hanol hydrochloride 
(compound 17) was compared with Losartan in the renal artery-ligated rat model. It was shown that at 3 mgikg po, 17 induced a maxi- 
mal decrease in mean arterial pressure (MAP) of 60.8 mmHg, which was similar to that was observed with Losartan (maximal 
decrease of 60 mmHg at 3 mg/kg) with a long duration of action (greater than 16 h). 

pyrimidine / a&hypertensive activity / angiotensin II / angiotensin II receptor antagonist / 2’-(lH-tetrazol-5-yI)biphenyl 

Introduction 

In the late 197Os, the introduction of angiotensin- 
converting enzyme (ACE) inhibitors confirmed that 
angiotensin II (Ang II) plays an important role in 
regulating blood pressure and fluid and electrolyte 
homeostasis [l]. The recent development of Ang II 
receptor antagonists provided a more specific 
approach and stimulated a large body of research to 
obtain orally active antagonists. Since the discovery of 
Losartan (DuP 753, chart 1) [2, 31, several nonpeptide 
Ang II receptor antagonists have been reported [4]. 
The great majority of these compounds have included 
a biphenyltetrazole moiety, which was shown to play a 
critical role for the oral activity. Generally this biphe- 
nyltetrazole group was linked to a nitrogen atom of 
various heterocycles [4]. With the aim of discovering 
new Ang II receptor antagonists we developed three 
heterocyclic series, namely pyrazole [5], pyrimidine 
[6] and triazolopyrimidine [7] derivatives, in which 
the biphenyltetrazole is linked to a carbon atom. This 
work led to the discovery of a new potent orally active 
antagonist, UP 269-6 (chart l), which is currently in 
phase-II clinical trials [S]. Recently, we have reported 
a structure-activity relationship study in our C-linked 
pyrazole series [9] (chart 1). Independently, Ciba 

Geigy [ 10, 111 and Merck [ 121 have patented C-linked 
pyrimidine derivatives as Ang II receptors antagonists. 
We would like to discuss here our results on the 
synthesis and antihypertensive activity of 3- and 4- 
substituted C-linked pyrimidine derivatives of formula 
A and B (chart 2), respectively. 

Chemistry 

The preparations of 4-pyrimidone 6 and 4-alkoxypyri- 
midine 7 derivatives were achieved as depicted in 

Chart 1. Structures of Losartan, pyrazole derivatives and 
UP 269-6. 
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Chart 2. Structures of C-linked pyrimidine series. 

Scheme 1. (a) LiCl, (iPr),NEt, THF, reflux, 15 h; (b) NaOMe, 
MeOH, rt 20 h, reflux 3 h; (c) NaH, DMF, 70°C 1 h or 
K&OS 2-butanone, reflux 24 h. 

scheme 1. The p-keto esters 1 [6] were alkylated with 
4-bromomethyl-2’-cyanobiphenyl [6] 2 in THF, in the 
presence of lithium chloride and NJV-diisopropyl 
ethylamine according to the method of Sung-Eun and 
Kyu [13] to lead to the alkylated fi-keto esters 3 
(table I). The cyclization of 3 with amidine hydrochlo- 
rides 4 in MeOH with NaOME [14] gave the 4-pyri- 
midone derivatives 5 (table II). As the reaction 
between 3a and formamidine hydrochloride failed to 
give 5e (RZ = H), this derivative was prepared by a 
three-step procedure including the synthesis of the 2- 
methylthio derivative 5d. The preparations of Sd and 
5e are depicted in scheme 2. The reaction of the 

Table I. Preparation of 2-alkylated p-ketoesters 3. 

0 0 
RI 

Compound RI Eeld” (%) 

3a n-C,H, 98 
3b n-C,H, 93 
3c n-C&,, 89 

“Yield calculated from starting 4-bromomethyl-2’-cyano- 
bipheny12 for the crude oil used without further purification 
(HPLC purity 8090%). 

Table II. Preparation of pyrimidin-4(3H)-one 5. 

Compound R, R2 

Sa 
5b 
SC 

Sd 
Se 

n-C3H7 CH, 60.8 209-210 
n-C,H9 CK 59 173 
n-C& ‘=L 56 162 
n-C,H, SCH, 36 218 
n-C,H, H 56b 158 

“Overall yield for the two steps from 4’-(bromomethyl)-2- 
cyanobiphenyl2. bYield calculated from Sd. 

SCH, 

Scheme 2. (a) NaOMe, thiourea, MeOH, reflux 10 h; (b) 
ICH,, KOH, MeOH, rt 4 h; (c) Raney Ni, diglyme, reflux 3 h. 
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p-keto ester 3a with thiourea in the presence of 
NaOMe in MeOH at reflux led to the 2-mercapto- 
pyrimidine derivative S, which was alkylated with 
methyl iodide in the presence of KOH in MeOH to 
afford the 2-methylthiopyrimidine 5d. Desulfurization 
of 5d with Raney nickel in refluxing diglyme gave 5e. 

The alkylation of 5 was performed by reaction with 
alkyl halide (R,X, X = Br or Cl) in the presence of 
NaH in DMF or K,C03 in 2-butanone and led to a 
mixture of N-alkylated derivatives 6 and O-alkylated 
derivatives 7 which were easily separated by chro- 
matography on silica gel. The predominance of N- 
alkylated derivatives 6 upon O-alkylated derivatives 7 
depended on the experimental conditions and 
reagents. When ethyl bromoacetate or an alkyl halide 
with NaH/DMF were used, N-alkyl derivatives were 
obtained predominantly. In contrast when 2-bromo- 
ethyl acetate was used in the same conditions, O-alkyl 
derivatives 7 prevailed. When 2-bromoethanol was 
used with KzC03 and 2-butanone, the N-alkyl and O- 
alkyl derivatives were obtained in the ratio 3:2. 

Some 4-alkoxy, 4-amino, 4-mercapto and 4-alkyl- 
thiopyrimidine derivatives, 7, 9, 10 and 11, respect- 
ively, were prepared according to scheme 3. Treat- 
ment of 5 with POCl, at reflux [15] led to the 
4-chloropyrimidine derivatives 8 (table III) which 
reacted with alcohols R,OH in THF with NaH, MeOH 
or i-propanol in the presence of one equivalent of Na 
(when R, = CH, or i-C3H7) to lead to 4-oxy-substi- 
tuted pyrimidines 7. Reaction of 8 with alkylamines 
HNR,RB in refluxing xylene afforded 4-alkylamino 
derivatives 9. The preparation of 4-thio derivatives 11 
was achieved in two different ways. The first con- 
sisted of the direct reaction of 4-chloropyrimidines 8 
with thiols (HRS,) in EtOH in the presence of a base 
such as NaOAc or in 2-butanone with K2C03. In the 
second method, we used a two-step procedure inclu- 
ding the intermediate formation of the 4-mercapto- 
pyrimidines 10, which were obtained by heating 8 
with thiourea in refluxing acetone with a catalytic 
amount of HCl. Alkylation of 10 with alkyl halide in 
EtOH in the presence of NaOH or Na, led to the 4- 
alkylthio pyrimidines 11. 

The target tetrazole derivatives were synthesized as 
depicted in scheme 4 by treatment of the corre- 
sponding cyan0 derivatives with Me,SnN, in refluxing 
xylene or toluene and subsequent cleavage of the 
intermediary N-trimethylstannyl tetrazole derivatives 
with gaseous HCl in THE 

Results and discussion 

The in vitro affinity of the compounds was measured 
by their ability to inhibit the specific binding of [‘“I] 
Sari-IlaAng II from rat adrenal Ang II receptors at 
10-s M and 10-7 M. The compounds (tables IV-VII) 

r&R, = K’CHp4,OW 
A 

TH~P-N~O 

R,+R, -TH,CHjSCH,CH~ 

Scheme 3. (a) POC&, lOO”C, 6 h; (b) R,OH, NaH, THF, 
reflux 7 h; (c) R50H, Na, rt 3 h; (d) R,R,NH (2.5 eq), xylene, 
reflux, 16 h; (e) R,SH, KzC03, 2-butanone, reflux 8 h; (f) thio- 
urea, acetone, cone HCl (cat), reflux 6 h; (g) I&X, K2C03, 
acetone. reflux 3 h. 

were tested orally in renal artery-ligated hypertensive 
rats [16], a high renin model, at 10, 3 or 1 mg/kg by 
either the tail-cuff method [17] or by a direct method 
[18]. Results are expressed as change in arterial blood 
pressure (systolic arterial pressure (SAP) for the tail- 
cuff method and mean arterial pressure (MAP) for the 
direct method). 

Table III. 4-Chloropyrimidine derivatives 8. 

-- 
Compound R, & field MP W) 

Pw ---~ 
8a n-C,H, CK 98 102 
8b r&H9 ‘3% 95 75 
SC n-GH,, -3 92 oil 
8d n-C3H, SCH, 84 88 
8e n-C,H, H 91 95 
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Scheme 4. (a) Me,SnN,, toluene, reflux 30 h. 

The major purpose of our work was to identify 
orally active compounds. Therefore the in vitro data 
only concern the percentage displacement at 10-5 M 
and 10-7 M and do not allow us to rationally discuss 
the in vitro SAR. 

The results in table IV allow us to discuss the 
influence of the substituents at the 3- and 6-positions 

lhble IV. 3-Substituted pyrimidin-4(3H)-one derivatives. 
w  

of the N-substituted pyrimidines derivatives. In vitro, 
all compounds displayed a high affinity causing more 
than 60% displacement of the radioligand [‘BI] Sarl- 
Ile8-Ang II from the rat adrenal receptor. The 
presence of a substituent at the 3-position (Rg = H or 
CH,, CH,CO,Et, CH2CH20H) did not result in any 
significant variation of the affinity. 

In viva, the oral activities of 12 and 13 (R3 = 
CH,CO,Et), 14 (R3 = CH,) and 17 (Rg = CH,CH,OH) 
showed that a substitution at the 3-position led to 
equipotent derivatives to the unsubstituted 18 and 19 
(R, = H). Thus, the nature of the 3-substituent in the 
4-pyrimidone series does not seem to have a marked 
influence on the oral antihypertensive activity at 
10 mg/kg. On the contrary the nature of R, (6-position 
of the pyrimidone) was critical for the oral activity. 
Comparison among 18 (R, = n-C,H,), 19 (R, = 
n-C,H9) and 20 (R, = n-C,H,,) showed that the oral 
activity was optimal when the alkyl side chain was an 
n-propyl or an n-butyl while it decreased markedly 
when this chain was an n-pentyl. This was confirmed 
by comparison between 14 and 15. 

Table V presents the activities of 4-alkoxy deriva- 
tives. In the series, comparison between 22 and 24 
indicated that the presence of a methyl group at the 2- 
position of the pyrimidine ring is favorable for in vitro 

Compound R, R3 Method Yielda (%) MP (“C) Formulab In vitro activity Oral activity 
% displacement” change in BP 

W@dd 
IO-5M I 137 M (10 m&kg) 

12 t&H, CH&O,Et A 32 164-165 C26H2sN603 94 f 1 67 2 2 -54.4 f 8.1 
13 n-C,H, CH,CO,Et A 37 170-l 7 1 C,,H,0N,03 802 1 60 2 1 -105.6 f 9.6 
14 n-C,H, CH, B 43 192-194 C2,,HxN,0 68 2 3 62 + 2 -72.8 f  14.6 
15 n-W-L (CI?x;OH B 48 215-217= C&H,N,O 68 2 2 59 -c 1 49.6 + 9.1 
16 n-C&~ C 8 1.52-153 Cz6H3,,N602 70 2 1 60 t 1 NTf 
17 n-C3H, (CHJ,OH D 12 240-241” C2,,H,,N60, 72 f  2 62 + 3 -95.5 + 18.4 
18 n-C,H, H F 52 204-206 Cz2Hz2N60 65 2 1 60 + 1 -69.6 + 5.6 
19 n-C,H9 H F 54 24%249 C,,H2,N60 71 2 2 67 f 1 -70.8 f  12.9 
20 n-W&, H F 48 195-196 C,,H,,N,O 68 t 3 60 2 1 -39.2 + 5.8 

aOverall yield for all steps described in the method. bAl1 elemental analyses for C, H, and N were within ? 0.4% of the calcu- 
lated values unless otherwise noted. =Percent displacement of [W]Sarl-IlesAng II bound to rat adrenal membranes by the 
compounds at 10-5 and 10-7 M; values are mean k SEM of three determinations. dSAP values were determined by the tail-cuff 
method in renal artery-ligated rat and represent the mean + SEM of 3-7 determinations. eHydrochloride. Not tested. 
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Table V. 4-O-Substituted pyrimidine derivatives. 

Compound R, Method Yielda (70) Mp (“C) Formulab In vitro activity Oral activity 
% displacemenf change in BP 

(t?lnJ fw 
10-‘-M I O-7 M (10 mglkg) 

21 n-W-& 
22 n-C,H, 
23 n-C.,H, 
24 n-C,H, 
25 n-C,H7 
26 n-C,H, 
27 n-C,HP 
28 n-C,H, 
29 n-C,H9 
30 n-C,H, 
31 n-C,H, 
32 n-C& 
33 n-C39 

CH, 
CH, 
CH3 
H 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 

W&OH 
CK 
CH3 
CHx 

i-C3H, 
CH,CO,Et 
CH,CO,Et 

(Cf%OCH, 
P-LLOCH, 
V-W=% 
(CH&SCHs 

(‘=M(CW, 
(CHJNCHd, 

D 
F 
F 
F 
F 
G 
G 
G 
G 
G 
G 
G 
G 

8 154-155 Cz4Hz6NS02 73 f 1 64 + 2 -59.7 f 8.1 
38 132-134 Cz3Hz4NS0 71 t 3 512 1 -82.8 f 15.0e 
42 148-149 C,H,N,O 69 + 2 53 + 2 -99.5 2 2.2 
35 166-168 Cz2HzzNs0 702 1 35 2 1 -67.2 -+ 6.4 
43 190-191 &H,N,O 70 2 3 382 1 -23.7 2 6.9 
41 149-150 C&Iz8N603 73 f 2 622 1 -104.8 + 14.6 
46 133-135 Cz7H3$IJ603 62 f 2 375 1 NTf 
43 169-170 C&H,N,O, 74 t 1 60 2 2 -33.5 + 16.1 
39 128-129 C&H,N,O, 73 2 2 53+ 1 -39.0 + 6.7 
45 121-122 C&H,N,OS 6921 46+ 1 -20.5 + 5.7 
44 122-123 &&,&OS 67 5 2 38 f 1 NAg 
47 175-176 C,H,,N,O 68 -c 1 332 1 -32.1 -c 11.1 
43 166-167 C,,H,,N,O 66 2 2 24 + 2 -24.2 -t 10.1 

a-dSee footnotes of table IV. eTested at 30 m&kg. fNot tested. gNot active. 

Table VI. 4-S-substituted and 4-N-substituted pyrimidine derivatives. 

H, 
f N N 

R, 

Compound R, XRs Method Yield” (%) MP (“C) Formulab In vitro activity Oral activity 
% displacementc change in BP 

(mmHg)d 
IO-5 M IO-7 M (10 mglkg) 

34 n-C,H, 
35 nX,H, 
36 n-C,H, 
37 n-C.& 
38 n-C,H, 
39 n-C&L 
40 n-C,H, 
41 n-C3H7 
42 n-‘C,H, 
43 n-C,H, 

VW~OH 
SW-&OH 
SW&OH 

WI-WWL)~ 
SCH,CO,Et 

SH 
SCH, 

NH(CH,),OH 
N(CHd, 

- 

H 28 186-189 
H 31 161-162 
J 43 157-158 
H 32 187-188 
H 35 137-138 
I 25 247-248 
J 50 173-174 
K 26 149-150 
K 31 270-272 
K 35 240-241s 

70 f 1 62 f  2 
63 f 1 40 5 1 
66 f 1 5822 
66 f. 2 52 + 1 
69 + 3 62 2 1 
68 + 1 63 f 1 
79 f 3 56kl 
68 + 1 542 1 
69 2 1 55 + 1 
7122 39 2 1 

-54.9 2 5.5 
NT 

-36.5 + 8.9 
-25.4 + 11.5 
-91.7 iz 24.3f 
-87.8 + 22.8 
-56.1 2 15.3 

NT 
NT 

&See footnotes of table IV eNot tested. Tested at 30 mgkg. sHydrochloride. 
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‘LBble VII. Oral antihypertensive activity at 3 and 1 mgkg. 

Compound Oral antihypertensive activity 
change in BP (mmHg)a 

I mglkg 3 mglkg 

15 NAb -30.4 f 11.8 
17 -22.5 t 4.7 -60.8 ” 4.2 
18 -53.6 r 18.8 NT 
19 -22.8 + 4.4 -53.9 + 9.0 
21 NA NT 

“MAP values were determined by the direct method [15] in 
renal artery-ligated rats and represent the mean f SEM of 
3-7 determinations. bNA: not active. CNT: not tested. 

activity but has no dramatic effect on the oral activity. 
This is in contrast to what was observed in our tri- 
azolopyrimidine series in which the presence of a 
methyl group at this position was shown to be critical 
for oral activity [8]. On the other hand, the nature of 
the substitution at the oxygen atom seems to be criti- 
cal. The substitutions with a methyl group (22 and 23) 
or an ethylacetate (26) led to potent derivatives where- 
as substitution with a hydroxyethyl (21) decreased 
slightly the oral activity. Substitution with alkoxyalkyl 
(28 and 29), alkylthioalkyl (30 and 31) or a 2-(di- 
methyl amino)ethyl group (32 and 33) led to a drama- 
tic drop in both the in vitro and in vivo activities. 
Comparison between 22 (R3 = CH,) and 25 (R, = 
LGH,) showed that a short alkyl chain is better than a 
bulkier branched one, since the 0-i-C,H, derivative 
was poorly active at 10 mg/kg. 

The 4-alkylthio derivatives presented in table VI 
generally displayed high affinities. In vivo, the best 
compound was the unsubstituted 4-mercapto deriva- 
tive 39 (XR, = SH) which was equipotent to the best 
3-N and 4-O-substituted derivatives. A substitution at 
the 4-S atom was rather unfavorable for the oral ac- 
tivity especially with bulky groups such as 3-hydroxy- 
propyl (36) or 2-(dimethylamino)ethyl (37). Sub- 
stitution with an ethylacetate (38) was less favorable 
than in the case of 4-O-substituted derivatives (see 26 
in table V). 

In conclusion, the best substitutions at the 6-pos- 
ition were n-C;H, and n-C,H, and a longer alkyl chain 
was not favorable. As regards the nature of the sub- 
stitution at 3- or 4-positions, H, CH,, CH$H,OH and 
CH,CO,Et appear to be optimal for oral activity, the 
CH,CO,Et group being beared preferentially by a 3-N 
or 4-O atom rather than by a 4-S atom and the 
CH$H,OH group being preferentially linked to the 
3-N atom. 

Some compounds were tested for antihypertensive 
activity at lower doses (3 or 1 mg/kg). The results 

(table VII) showed that the unsubstituted pyrimidine 
18 displayed a very high oral activity at 1 mg/kg with 
a decrease in MAP of 53.6 5 18.8 mmHg. 
Comparison between 15, 18 and 19 showed that the 
n-propyl chain was optimal for oral activity and that a 
longer alkyl side chain led to a loss of oral activity 
(n-C,H, > n-C,H, > n-C5H11). Comparison between 17 
and 21 confirmed the superiority of the 3-hydroxy- 
ethyl (17) over the 4-(hydroxyethoxy)pyrimidine de- 
rivative (21) when tested at 1 mg/kg. As an illustration 
the oral antihypertensive activity of 17 was compared 
to that of Losartan at 3 mg/kg in renal artery-ligated 
rat model. 

Oral antihypertensive activity of UP 243-38 

In studies designed to determine the duration of action 
of UP 243-38 and compare its antihypertensive ac- 
tivity with Losartan (DuP 753), the two compounds 
were given orally at the dose of 3 mg/kg in conscious 
renal artery-ligated rats. Continuous measurements of 
blood pressure by the direct method [18] were per- 
formed for at least 16 h after drug administration. 
Administration of 3 mg/kg of either UP 243-38 or 
Losartan to these renin-dependent hypertensive rats 
resulted in a significant antihypertensive response 
(fig 1% 

180 
1 

16ot 

Dlrlm&sm*‘Pd).Mu~O 
40 

0 1 2 3 4 5 6 7 8 9 IO 11 12 13 14 15 16 

-l=Ill=Mld 

Fig 1. Oral antihypertensive activity of UP 243-38 (deriva- 
tive 17) (a) and Losartan (A). Time-course of the antihyper- 
tensive activity of UP 243-38 (derivative 17), Losartan (DuP 
753) in the conscious renal hypertensive rats. Hypertension 
in the rat was developed by renal artery ligation as de- 
scribed [16]. Compounds were administered orally by 
gavage at 3 mg,kg, 7 d after renal artery ligation. The 
vehicle was an aqueous suspension containing gum arabic, 
Tween 80 and NaCl. Values represent the mean + SEM (n = 
5-6 rats/group). An asterisk indicates a difference from 
pretreatment values (P c 0.05). 



The maximal decrease in arterial blood pressure 
was 60.8 and 60.0 mmHg for UP 243-38 and Losar- 
tan, respectively. The onset of the antihypertensive 
response of Losartan was slower than that of UP 243- 
38 with a maximum effect occurring at 7 h for UP 
243-38 and at 10 h for Losartan. The duration of anti- 
hypertensive action of the two compounds was similar 
to the response lasting for at least 16 h. In conclusion 
we can assume that UP 243-38 is equipotent to 
Losartan with a slightly different pharmacokinetic 
pattern. 

Experimental protocols 

Chemistry 

1H-NMR spectra were measured at 200 MHz on a Bruker 200 
spectrometer and recorded in CDCl, or DMSO-d,. Chemical 
shifts were reported in 6 @pm) units relative to internal refer- 
ence Me,Si. Melting points were recorded on an Electrothermal 
digital capillary melting point apparatus and are uncorrected. 
Chromatography was performed on silica gel (mesh 70-230) 
using indicated solvent mixture. Elemental analyses were 
obtained by using a Carlo Erba MOD-106 elemental analyser. 
HPLC experiments were performed on a Varian liquid chro- 
matograph with UV detector and suitable integration system 
(inverse phase Cl8 column). 

Starting materials were commercially available or their 
preparation could be found in reference [6]. 

Ethyl 2-[(2’-cyanobiphenyl-4-yl)methyl]-3-oxohexanoate 3a 
iV,i$Diisopropylethylamine (1117 ml, 6.4 mol) and LiCl 
(134.6 g, 3.17 mol) were added to a solution of 4’-(bromo- 
methyl)-2-cyanobiphenyl [6] (2, 863.7 g, 3.17 mol) and ethyl 
butyrylacetate (752 ml, 4.76 mol) in 3900 ml THE The mixture 
was refluxed for 15 h and then concentrated in vacua. The resi- 
due was taken up with water and extracted with AcOEt. The 
organic layer was washed carefully with 1 N HCI solution and 
then water, dried over MgSO, and evaporated in vacua. The 
oily brownish residue was heated at 130°C under 20 mmHg in 
order to remove the residual starting materials to yield 3a 
(1083 g, 98%) as a crude brown oil used without further purifi- 
cation for the next step (HPLC purity: 85.5%; 4.3% of dial- 
kylated derivative was detected); ‘H-NMR (CDCl,) 6: 7.75 (d, 
lH, J = 8 Hz), 7.63 (t, lH, J = 8 Hz), 7.49-7.39 (m, 4H), 7.30 
(d, 2H, J = 8 Hz), 4.16 (q, 2H, J = 7 Hz), 3.84 (t, lH, J = 
7.5 Hz), 3.22 (d, 2H, J = 7.5 Hz), 2.65-2.29 (m, 2H), 1.57 
$sy&I-I,J = 7.4 Hz), 1.22 (t, 3H, J = 7.5 Hz), 0.86 (t, 3H, J = 
. . 
All compounds of formula 3 were prepared according to this 

procedure and are listed in table I. 

5-[(2’-Cyanobiphenyl-4-y~)methylJ-2-methyl-6-n-propylpyrim- 
idin-4(3H)-one 5a 
An NaOMe solution, prepared from sodium (120.6 g, 5.24 mol) 
in 1.5 1 MeOH, was added dropwise to a solution of acetami- 
dine hydrochloride (466 g, 4.92 mol) in 4.3 1 MeOH. The 
mixture was stirred for 15 min at room temperature and 3a 
(1148 g, 3.28 mol; HPLC purity 85.5%) in solution in 1.15 1 
MeOH was added rapidly. After stirring for 20 h at room 
temperature the reaction mixture was refluxed for 3 h and 
concentrated in vacua (5 1 MeOH were distilled off). Water 
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(4 1) and diisopropyl ether (1 1) were added to the mixture and 
after vieorous stirring the crvstals were filtered off and washed 
with wgter and diisoiropyl eiher, dried and recrystallized in 3.5 
volumes of 2-methoxyethanol to give 5a (684.5 g, 60.8%), mp 
209-21O’c; ‘H-NMR (CDCQ 6: 7.74 (d, lH, J = 7.6 Hz), 7.58 
(t, lH, J = 7.6 Hz), 7.44-7.35 (m, 6H), 3.97 (s, 2H), 2.60 (t, 
2H, J = 7.5 Hz), 2.40 (s, 3H), 1.62 (sext, 2H, J = 7.5 Hz), 0.94 
(t, 3H, J = 7.5 Hz). 

Compounds 5a-c were synthesized by this method starting 
from appropriate 2-alkylated P-ketoesters 3 and acetamidine 
hydrochloride 4. Corresponding data are shown in table II. 

5-[(2’-Cyanobiphenyl-4-yl}methyi]-2-methylthio-6-n-propyl- 
pyrimidin-4(3H)-one Sd 
Thiourea (18.9 g, 248 mmol) was added to a solution of 
sodium (5.7 g, 248 mmol) in 150 ml MeOH. The mixture was 
stirred fbr 5 min and 3a -(58 g, 166 mmol) was added. After 
refluxine for 10 h. the mixture was cooled and the MeOH was 
evaporakd off in iacuo. The residue was taken up with water 
and washed with Et,O, the aqueous layer was neutralized by 
adding dilute HCl and the obtained crystals were filtered off, 
washed with water and Et*0 to give 26 -g of 2-mercapto deriva- 
tive (rno 191°C) which were dissolved in a solution of KOH 
(5 g: g9 mm&) in 100 ml MeOH. Iodomethane (6 ml, 
96 mmol) was added and the mixture was stirred for 4 h at 
room temperature. The crystals were collected by filtration, 
washed with water and Et,0 to give 5d (23 g, 36% from 2), mp 
218°C; lH-NMR (DMSO-$) 6: 7.76-7.60 (m, 2H), 7.50-7.39 
(m. 4H), 7.31 (d, 2H, J = 8 Hz), 3.88 (s, 2H), 2.56-2.47 (m, 
5H), 1.64 (sext, 2H, J = 7.5 Hz), 0.89 (t, 3H, J = 7.5 Hz). 

5-(2’-Cyanobiphenyl-4-yl)methyl-6-n-propylpyrimidin-4(3H)- 
one Se 
Raney nickel (60 g) was added to a solution of Sd (29 g, 
77 mmoll in 250 ml dielvme. The mixture was heated to reflux 
for 3 h &d after co&‘ng, the catalyst was filtered off and 
washed with EtOH. The filtrate was evaporated in vacua and 
the residue was chromatographed on silica gel with a mixture 
of acetone/CHCl, (2:8) to give 5e (14.2 g, 56%), mp 158°C; 
‘H-NMR (DMSO-d,) 6: 8.17 (s, lH), 7.92 (d, lH, J = 8 Hz), 
7.77 (t, lH, J = 8 Hz), 7.58 (t, 2H, J = 8 Hz), 7.48 (d, 2H, J = 
8 Hz), 7.33 (d, 2H, J = 8 Hz), 3.88 (s, 2H), 2.53 (t, 2H, J = 
7.5 Hz), 1.64 (sext, 2H, J = 7.5 Hz), 0.87 (t, 3H, J = 7.5 Hz). 

4-Chloro-5-[(2’-cyanobiphenyl-4-yl)methyl]-2-methyl~-n-p~~1 
pyrimidine 8a 
Compound 5a (104.8 g, 305 mmol) was added portionwise to 
167 ml POCl, in 30 min; a slightly exothermic reaction 
occurred and temperature rose to 43°C. On completion of the 
addition, the reaction mixture was allowed to return to room 
temperature and was slowly heated to 1OO’C. After 6 h at this 
temperature the excess of POCl, was evaporated in vacua and 
100 ml toluene was added. The solvent was removed in vacua 
and the residue taken up in 500 ml CH&I, and washed with 
water. The organic layer was then dried over MeSO, and 
evaporated to iive 8a -(108.1 g, 98%), mp 102”C,-iH--NMR 
(CDCI,): 6 7.75 (d, lH, J = 7.7 Hz), 7.64 (t, lH, J = 7.7 Hz), 
7.51-7.43 (m, 4H), 7.21 (d, 2H, J = 8 Hz), 4.23 (s, 2H), 
2.77-2.69 (m, 5H), 1.65 (sext, 2H, J = 7.5 Hz), 0.94 (t, 3H, J = 
7.5 Hz). 

All compounds 8a-e were prepared according to this pro- 
cedure and corresponding data are shown in table III. 

Method A 
Ethyl [5[(2’-cyanobiphenyl-4-yl)methyl]-2-methyl-4-oxo-6-n- 
propylpyrimidin-3-yljacetate 6a. NaH (60% in oil, 0.6 g, 
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15 mmol) was added portionwise to a solution of 5a (5 g, 
14.6 mm011 in 50 ml DMF. The mixture was stirred for 30 min I  

at 5O”C, cooled to room temperature and ethyl bromoacetate 
(2 ml, 18 mmol) was added. After stirring for 3 h at room 
temperature and for 1 h at 7O”C, the solvent was evaporated off 
in vucuo. The residue was taken up with water and extracted 
with Et,O. The ethereal layer was evaporated to dryness in 
vacua and the oily residue crystallized in a mixture of diisopro- 
pyl ether/acetone (95:5) give 6a (3.5 g, 56%), mp 98°C. 

Ethyl [2-methyl-4-oxo-6-n-propyl-5-[[2’-(lH-tetrazol-5-y1)- 
biphenyl-4-yl]methyl]pyrimidin-3-yljacetate 12. Trimethyltin 
azide (2 g, 10.1 mol) was added to a solution of 6a (3.5 g, 
8.2 mmol) in 30 ml toluene. The mixture was refluxed for 
30 h. After cooling the mixture was extracted with an NaOH 
solution. The aqueous layer was acidified by bubbling of SO, 
and extracted with CHC&. The organic layer was dried over 
MgSO,, concentrated in vucuo and the residue was chromato- 
graphed on silica gel with CHClJMeOH (8:2) to give 12 (2 g, 
57%), mp 164-165°C; ‘H-NMR (CDCl,): 6 7.88 (d, lH, J = 
7.3 Hz), 7.53-7.36 (m, 3H), 7.04-6.92 (m, 4H), 4.68 (s, 2H), 
4.18 (q, 2H, J = 7 Hz), 3.78 (s, 2H), 2.44 (t, 2H, J = 7.5 Hz), 
2.36 (s, 3H), 1.56 (sext, 2H,J = 7.5 Hz), 1.23 (t, 3H, J = 7 Hz), 
0.87 (t, 3H, J = 7.5 Hz). 

Method B 
6-n-Butyl-5-[2’-(cyanobiphenyl-4-yl)methyl]-2,3-dimethyl- 
pyrimidin-4(3H)-one 6b. NaH (60% in oil, 0.8 g, 20 mmol) 
was added portionwise to a solution of 5b (6.5 g, 18 mmol) in 
100 ml DMF. The mixture was heated to 50°C for 1 h and 
iodomethane (2 ml, 30 mmol) was added. The mixture was 
stirred for 6 h at 5O”C, cooled and the solvent was remeved in 
vacua. The residue was taken up with water and extracted with 
AcOEt. The organic layer was dried over MgSO, and evapo- 
rated in WCUO. The oily residue was chromatographed on silica 
gel with AcOEt/cyclohexane (9:l) to give 6b (5.5 g, 82%) as 
an oil; 1H-NMR (CDCI,): 6 7.74 (d, lH, J = 7.3 Hz), 7.61 (t, 
lH, J = 7.3 Hz), 7.5CL7.32 (m, 6H), 3.96 (s, 2H), 3.96 (s, 2H), 
3.53 (s, 3H), 2.59 (t, 2H, J = 7.5 Hz), 2.52 (s, 3H), 1.63-1.25 
(m, 4H), 0.90 (t, 3H, J = 7.5 Hz). 

6-n-Butyl-2,3-dimethyl-S-[[2’-(lH-tetrazol-5-yl)biphenyl-4-),ll- 
methyl]pyrimidin-4(3H)-one 14. Trimethyltin azide (2.5 g, 
12.6 mmol) was added to a solution of 6b (3.4 g, 9.1 mmol) in 
100 ml xylene. The mixture was heated to reflux for 30 h. The 
solid material was collected and taken up in 100 ml THF. 
Gaseous HCl was bubbled into the resulting suspension for 1 h 
and the mixture was allowed to stand to room temperature 
overnight. The solvent was removed in vacua and the residue 
was dissolved in a dilute NaOH solution and washed with 
Et,O. Then SO2 was bubbled through the aqueous layer until 
pH 5.5 and the crystals obtained were collected and chromato- 
graphed on silica gel with CH,ClJacetone (9:l) to give 14 (2.1 
g, 52%), mp 192-193°C; lH-NMR (DMSO-d,): 6 7.70-7.48 
(m, 4H), 7.11 (d, 2H, .I = 7.9 Hz), 3.79 (s, 2H), 3.43 (s, 3H), 
2.48-2.40 (m, 5H), 1.50-1.16 (m, 4H), 0.82 (t, 3H, J = 7.5 Hz). 

Method C 
2-[~6-n-Pen~l-5-[(2’-cyanobiphenyl-4-yl)methyl]-2-methyl- 
pyrimidin-4-yl]oxy/ethyl acetate 7c and 2-[6-n-pentyl-5-((2’. 
cvanobiphenyl-4-vl~methvll-2-methvl-4-oxoovrimidin-3-vll- 
eihyl acktebc. -fiaH (60% in oil, -1 g, 25 gmol) was aidkd 
to a solution of 5c (8 g, 21 mmol) in 100 ml DMF. The mixture 
was heated to 50°C under stirring for 1 h and 2-bromoethyl 
acetate (4.5 g, 25 mmol) was added. The mixture was heated 
for an additional 6 h to 50°C and the solvent was evaporated 

off in vacua. The residue was taken up in AcOEt and water. 
The organic layer was separated and concentrated in vacua to 
give an oily residue which was chromatographed on silica gel 
with cyclohexane/AcOEt (55) to afford 7c (4.6 g, 48%) oil; 
‘H-NMR (CDCI,): 6 7.71 (d, lH, J = 7.3 Hz), 7.59 (t, lH, J = 
7.3 Hz), 7.45-7.38 (m, 4H), 7.21 (d, 2H, J = 8 Hz), 4.58-4.52 
(m, 2H), 4.48-4.42 (m, 2H), 3.98 (s, 2H), 2.68 (t, 2H,J = 8Hz), 
2.54 (s, 3H), 1.98 (s, 3H), 1.63-1.45 (m, 2H), 1.31-1.21 (m, 
4H), 0.80 (t, 3H, J = 8 Hz). 

Further elution with cyclohexane/AcOEt (2:7) allowed us to 
obtain 6c (3.3 g, 34.5%), oil; *H-NMR (CDCl,): 6 7.68 (d, lH, 
J = 7.3 Hz), 7.54 (t, lH, .I = 7.3 Hz), 7.42-7.28 (m, 6H), 
4.39-4.31 (m, 2H), 4.28-4.19 (m, 2H), 3.89 (s, 2H), 2.58-2.48 
(m, SH), 2.00 (s, 3H), 1.64-1.42 (m, 2H), 1.32-1.16 (m, 4H), 
0.80 (t, 3H, J = 8 Hz). 

3-[6-n-Pentyl-2-methyl-4-oxo-5-[[2’(lH-tetrazol-5-yl)biphenyl- 
4-yl]methyl]pyrimidin-3-yllethanol 16. Trimethyltin azide 
(1.6 g, 8.1 mmol) was added to a solution of 6c (3.3 g, 7 mmol) 
in 100 ml toluene. The mixture was refluxed for 30 h. After 
cooling, the solvent was evaporated off in vacua and the resi- 
due was chromatorrraphed on silica gel with a mixture 
AcOEt/cyclohexane ‘j5:s) to give 1.1 g Gf an oily compound. 
The latter was dissolved in 20 ml MeOH and 10 ml water and 
NaOH (0.3 g, 7.5 mmol) was added. The mixture was stirred 
for 24 h at room temperature, the solvent was evaporated and 
50 ml water was added. The aqueous layer was washed with 
AcOEt acidified with SOZ (pH 5.5) and extracted with CH#&. 
The organic layer was dried over MgSO, and evaporated to 
give a residue which crystallized in acetone to afford 16 (0.8 g, 
24%), mp 152-153°C; lH-NMR (DMSO-d,): 6 7.71-7.49 (m, 
4H), 7.11 (d, 2H, J = 7.9 Hz), 6.97 (d, 2H, J = 7.9 Hz), 5.04 (br 
s, lH), 4.03 (m, 2H), 3.79 (s, 2H), 3.63 (m, 2H), 2.54 (s, 3H), 
2.42 (t, 2H, J = 7.5 Hz), 1.42 (m, 2H), 1.21 (m, 4H), 0.80 (t, 
3H, J = 7.5 Hz). 

Method D 
2-[5-[2’-(Cyanobiphenyl)methyl]-2-methyl-4-oxo-6-n-pro- 
pylpyrimidin-3-yljethanol 6d and 2-((5[(2’-cyanobiphenyl-l- 
yl)methyl]-2-methyl-6-n-propylpyrimidin-4-yl]o~]ethanol 7d. 
K,C03 (4 g, 28.9 mmol) and 2-bromoethanol (8 ml, 42.3 mmol) 
were added to a solution of Sa (8 g, 23 mmol) in 80 ml 2-buta- 
none. The mixture was refluxed for 24 h and the solvent was 
evaporated off in vucuo. The residue was taken up with water 
and extracted with CH2C12. The organic layer was dried over 
MgSO, and evaporated off in vacua to give a residue which 
was chromatographed on silica gel. Elution with CH&&/ 
acetone (8:2) afforded 7d (1.9 g, 21%), mp 114°C; 1H-NMR 
(CDCIX): 6 7.72 (d, lH, J = 7.3 Hz), 7.60 (t, lH, J = 7.3 Hz), 
7.46-7.35 (m, 4H), 7.24-7.19 (m, 2H), 4.50-4.46 (m, 2H), 4.00 
(s, 2H), 3.86-3.29 (m, 2H), 3.21 (t, lH, J 7 6 Hz), 2.70 (t, 2H, 
J = 7.5 Hz), 2.56 (s, 3H), 1.62 (sext, 2H, J = 7.5 Hz), 0.94 (t, 
3H, J = 7.5 Hz). 

Further elution with CH,ClJacetone (6:4) gave 6d (2.8 g, 
31%), as an oil used without further purification for the next 
step; lH-NMR (CDC&): 6 7.68 (d, lH, J = 7.3 Hz), 7.55 (t, lH, 
J = 7.3 Hz), 7.43-7.28 (m, 6H), 4.35-4.27 (m, 2H), 4.24-4.15 
(m, 2H), 3.80 (s, 2H), 2.69 (t, 2H, J = 7.5 Hz), 2.54 (s, 3H), 
1.62 (sext, 2H, J = 7.5 Hz), 0.93 (t, 3H, J = 7.5 Hz). 

2-(2-Methyl-4-oxo-6-n-propyl-5-[(2’-(IH-tetrazol-5-yl)bi- 
phenyl-4-yl]methyl]pyrimidin-3-ylfethanol hydrochloride 17. 
Trimethyltin azide (2 g, 10.1 mmol) as added to a solution of 
6d (2.8 g, 7.1 mmol) in 60 ml toluene. The mixture was 
refluxed for 28 h under stirring and the precipitate was col- 
lected from the hot solution. The obtained crystals were taken 
up with an NaOH solution and the mixture was stirred for 
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10 min. The aqueous layer was washed with Et10 and acidified 
by HCl. The crystals were collected, washed with acetone and 
dried to give 17 (1.2 g, 37%) as a hydrochloride, mp 
240-241°C; ‘H-NMR (DMSO-d,): 6 7.64 (t, 2H, J = 7.5 Hz), 
7.51 (t, 2H, J = 7.5 Hz), 7.20 (d, 2H, J = 7.5 Hz), 7.05 (d, 2H, 
J = 7.5 Hz), 4.264.18 (m, 2H), 3.91 (s, 2H), 3.87-3.79 (m, 
2H), 3.11 (s, 3H), 2.81 (t, 2H, J = 8 Hz), 1.76-1.65 (m, 2H), 
1.02 (t, 3H, J = 8 Hz). 

2-[[2-Methyl-6-n-propyl-5[[2’-(1H-tetrazol-S-yl)biphenyl-4- 
yl]methyl]pyrimidin-4-yl/oxy]ethanol 21. Trimethyltin azide 
(2.7 g, 13.6 mmol) was added to a solution of 7d (3.8 g, 
9.6 mmol) in 80 ml toluene. The mixture was heated to reflux 
for 35 h. After cooling, the mixture was extracted with a KOH 
solution, the aqueous layer was washed with AcOEt, acidified 
by bubbling SO* and extracted with CHC&. The organic layer 
was dried over MgSO,, evaporated to dryness in vacua and the 
residue was chromatographed on silica gel with CHClJMeOH 
(8.5:l.S) to give 21 (1.7 g, 41%), mp 154-155°C; rH-NMR 
(CDCQ: 6 8.01 (d, lH, J = 7.3 Hz), 7.64-7.43 (m, 3H), 7.11 
(br s, 4H), 4.40 (br s, 2H), 4.00 (s, 2H), 3.76-3.71 (m, 2H), 
2.78 (t, 2H, J = 8 Hz), 2.59 (s, 3H), 1.75 (sext, 2H, J = 8 Hz), 
1.01 (t, 3H, J = 8 Hz). 

Method E 
2-Methyl-6-n-propyl-5-[[2’-(1H-tetrazol-5-yl)biphenyl-4-y1]- 
methyllpyrimidin-4-(3H)-one 18. Trimethyltin azide (7.7 g, 
39 mmol) was added to a solution of 5a (10 g, 29 mmol) in 
100 ml xvlene. The mixture was heated to reflux for 24 h. The 
solid maierial was collected by suction from the hot solution 
and suspended in 50 ml THF and 50 ml toluene. Gaseous 
HCl was bubbled through this suspension for 20 min under 
vigorous stirring. Upon addition of 50 ml EtOH a precipitate 
appeared which was collected and dissolved in a dilute NaOH 
solution. This solution was washed with AcOEt, acidified by 
bubbling SO* and extracted with 100 ml CHCl,. The organic 
layer was dried over MgSO, and concentrated to half its 
volume in vacua and SO ml of Et20 was added. Upon standing, 
crystals appeared, which were collected and dried to give 5.3 g 
(47%) of 32, mp 204-206°C; tH-NMR (DMSO-d,): 6 
7.71-7.52 (m, 4H), 7.11 (d, 2H, J = 7.9 Hz), 6.97 (d, 2H, J = 
7.9 Hz), 3.76 (s, 2H), 2.40 (t, 2H, J = 7.5 Hz), 2.23 (s, 3H), 
1.44 (sext, 2H, J = 7.5 Hz), 0.81 (t, 3H, J = 7.5 HZ). 

Method F 
5-[(2’-Cyanobiphenyl-4-yl)methyl]-4-methoxy-2-methyl-6-n- 
propylpyrimidine 7e. A solution of sodium (0.8 g, 34 mmol) 
in 10 ml MeOH was added to a solution of &I (12 g, 33.2 mmol) 
in 50 ml MeOH. The mixture was stirred for 3 h at room 
temperature and refluxed for 2 h. The solvent was removed in 
vacua and the residue was taken up in water and extracted with 
EtzO. The organic layer was dried over MgSO, and concentrated 
in vacua to give 7e (8.9 g, 75%), mp 10%109°C; tH-NMR 
(CDCI,): 6 7.9 (d, lH, J = 7.3 Hz), 7.54 (t, lH, J = 7.3 Hz), 
7.40-7.28 (m, 4H), 7.14 (d, 2H, J = 8 Hz), 3.94 (s, 2H), 3.90 (s, 
3H), 2.70 (t, 2H, J = 8 Hz), 2.52 (s, 3H), 1.62 (sext, 2H, J = 
8 Hz), 0.93 (t, 3H, J = 8 Hz). 

4-Methoxy-2-methyl-6-n-propyl-5-[/2’-(IH-tetrao1-5-yl)biphe- 
nyl-4-yl]methyl]pyrimidine 22. Compound 22 was prepared 
according to Method E proceeding from 7e, and crystallized in 
Et,O/acetone, yield 51%, mp 132-134°C; rH-NMR (CDC&): 6 
7.90 (d, 2H, J = 7.3 Hz), 7.63-7.39 (m, 3H), 7.04-6.93 (m, 
4H), 3.86 (s, SH), 3.07 (s, 3H), 3.05 (t, 2H, J = 8 Hz), 1.55 
(sext, 2H, J = 8 Hz), 0.84 (t, 3H, J = 8 Hz). 

Method G 
Ethyl 2-[[5-[2’-(Cyanobiphenyl-4-yl)methyl]-2-methyl-6-n-pro- 
pylpyrimidin-4-yl]oxy]acetate 7J: NaH 60% (1.9 g, 47.5 mmol) 
was added to a solution of ethvl 2-hvdroxvacetate (2 g. 47.5 
mmol) in 40 ml THE The mixture was sti&ed 15 mih a?room 
temperature. Compound 8a (6.5 g, 18 mmol) in solution in 
20 ml THF was added dropwise to this mixture. The mixture 
was then heated to reflux for 7 h and cooled to room temper- 
ature. The solvent was evaporated off in vacua and the residue 
was taken up in Et,O. The ethereal solution was washed with 
water, dried over MgSO., and evaporated in vacua to give 7f 
(7.3 g, 94%), oil; tH-NMR (CDCI,): 6 7.72 (d, lH, J = 7.3 Hz), 
7.60 (t, lH, J = 7.3 Hz), 7.4s7.25 (m, 6H), 4.91 (s, 2H), 4.22 
(q, 2H, J = 7 Hz), 4.17 (s, 2H), 2.69 (t, 2H, J = 7.5 Hz), 1.61 
$yd,23, J = 7.5 Hz), 1.27 (t, 3H, J = 7 Hz), 0.94 (t, 3H, J = 

Ethyl 2-[2-Methyl-6-n-propyl-5-[[2’-(lH-tetrazol-5-yl)biphe- 
nyl-4-ylfmethyllpyrimidin-4-ylloxyacetate 26. Compound 26 
was prepared according to Method A from 12, chromatography 
solvent CH,ClJMeOH (9:1), yield 44%, mp 149-lSO”C, 
rH-NMR (CDCQ: 6 7.98 (d, lH, J = 7.3 Hz), 7.62-7.40 (m, 
3H), 7.19-7.06 (m, 4H), 4.90 (s, 2H), 4.14 (q, 2H, J = 7 Hz), 
4.00 (s, 2H), 2.58 (t, 2H, J = 7.5 Hz), 2.40 (s, 3H), 1.66 (sext, 
2H, J = 7.5 Hz), 1.24 (t, 3H, J = 7 Hz), 0.95 (t, 3H,J = 7.5 Hz). 

Method H 
2-[[5-[2’(-Cyanobiphenyl-4-yl)methyl]-2-methyl-6-n-propyl~- 
rimidin-4-yl]mercapto]ethanol lla. K&O3 (4.6 g, 33.2 mmol) 
and 2-mercaotoethanol (2.3 ml. 33.2 mmol) were added to a 
solution of ga (10 g, 2i.7 mmol) in 100 ml 2-butanone. The 
mixture was refluxed for 8 h, cooled and concentrated in vacua. 
The residue was taken up in water, extracted with CHCl, and 
the organic layer was dried over MgSO,. The residue, obtained 
after evaporation of the solvent in vacua, crystallized in diiso- 
propyl ether to give lla (6.7 g, 62%), mp 97°C; 
tH-NMR (CDCI,): 6 7.73 (d, lH, J = 7.3 Hz), 7.62 (t, lH, J = 
7.3 Hz), 7.69-7.37 (m, 4H), 7.18 (d, 2H,J = 7.5 Hz),4.70 (br s, 
lH), 4.12 (s, 2H), 3.87 (t, 2H, J = 6 Hz), 3.35 (t, 2H,J = 6 Hz), 
2.68-2.60 (m, 5H), 1.61 (sext, 2H, J = 7.5 Hz), 0.93 (t, 3H,J = 
7.5 Hz). 

2-([2-Methyl-6-n-propyl-5-[[2’-(IH-tetrarol-5-yl)biphenyl-4- 
yl]methyl&yrimidin-4-yl]mercapto]ethanol 34. Compound 34 
was prepared according to MethodA from 13, chromatography 
solvent: CHClJMeOH (8.5:1.5), crystallized in AcOEt, yield 
45%, mp 186-189°C; tH-NMR (DMSO-d,): 6 7.52-7.29 (m, 
4H), 6.89 (s, 4H), 4.6 (br s, lH), 3.91 (s, 2H), 3.68 (t, 2H,J = 
6 Hz), 3.23 (t, 2H, J = 6 Hz), 2.47-2.38 (m, SH), 1.43 (sext, 
2H, J = 7.5 Hz), 0.75 (t, 3H, J = 7.5 Hz). 

Method I 
5-[2’-(Cyanobiphenyl-4-yl)methyl]-4-mercapto-2-methyl-6-n- 
propyl pyrimidine I&z. Thiourea (9.3 g, 122 mmol) and 
0.1 ml concentrated HCl were added to a solution of Sa (40 g, 
111 mmol) in 150 ml acetone. The mixture was refluxed for 
6 h, cooled to room temperature and evaporated to dryness in 
vacua. The residue was taken UD in a dilute KOH solution and 
washed with Et,O. The aqueous layer was acidified by 
bubbling SQ and the crystals obtained were collected by 
suction, washed with water and dried to give 10a (20.1 g, 
SO%), mp 204’C, tH-NMR (DMSO-d,): 6 7.95 (d, lH, J = 
7.3 Hz), 7.80 (t, lH, J = 7.3 Hz), 7.63-7.45 (m, 6H), 4.51 (s, 
2H), 2.52 (t, 2H, J = 7.5 Hz), 2.45 (s, 3H), 1.53 (sext, 2H, J = 
7.5 Hz), 0.83 (t, 3H,J = 7.5 Hz). 
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4-Mercapto-2-methyl-6-n-propyl-5-[[2’-(1H-tetrazol-5-yl)-bi- 
phenyl-4-yl]methy[rimidine 31. Compound 31 was pre- 
pared according to Method A from 12, with CHClJMeOH 
(82) as chromatography solvent, crystallized in AcOEt, yield 
49%, mp 247-248°C; iH-NMR (CDCI,): 6 7.68 (d, lH, J = 7.3 
Hz), 7.57 (t, lH, J = 7.3 Hz), 7.50-7.40 (m, 2H), 7.16 (d, 2H, J 
= 7.5 Hz), 7.03 (d, 2H,J = 7.5 Hz), 4.34 (s, 2H), 2.50-2.40 (m, 
5H), 1.50 (sext, 2H,J = 7.5 Hz), 0.85 (t, 3H,J = 7.5 Hz). 

Method J 
5-[2’-(Cyanobiphenyl-4-yI)methyl]-2-methyl-4-methylthio-6-n- 
propylpyrimidine ZIb. K&O3 (2.5 g, 18 mmol) and iodo- 
methane (2 ml, 40 mmol) were added to a solution of 10a (5.4 g, 
15 mmol) in 100 ml acetone. The mixture was refluxed for 3 h, 
concentrated in vacua and the residue was taken up with water 
and AcOEt. The organic layer was separated, washed with 
water, dried over MI$O, andconcentrated in vacua to give an 
oil which crvstallized in a mixture Et,O/acetone (1:l) to afford 
llb (4.5 g, go%), mp 134°C; iH-NMR (CDCl,): s 7. j2 (d, lH, 
J = 7.3 HZ), 7.62 (t, lH, J = 7.3 Hz), 7.70-7.39 (m, 4H), 7.18 
(d, 2H, J = 7.5 Hz), 4.10 (s, 2H), 2.55-2.48 (m, 5H), 2.35 (s, 
3H), 1.60 (sext, 2H, J = 7.5 Hz), 0.93 (t, 3H, J = 7.5 HZ). 

2-Methyl-4-methylthio-6-n-propyl-5-([2’-(lH-tetrarol-5-y1)- 
biohenvl-4-vllmethvllovrimidine 40. Comnound 40 was 
piepared a&&ding GMethod A for 12, w&h CHClJMeOH 
(9:l) as chromatography solvent, crystallized in Et,O, yield 
62%, mp 173-174’C; iH-NMR (CDCI,): 6 7.69 (d, lH, J = 
7.3 Hz), 7.59-7.40 (m, 3H), 7.01-6.90 (m, 4H), 3.94 (s, 2H), 
2.45 (s, 3H), 2.33 (s, 3H), 2.22 (t. 2H, J = 7.5 Hz), 1.56 (sex& 
2H, J = 7.5 Hz), 0.82 (t, 3H, J = 7.5 Hz). 

Method K 
2-[[2-Methyl-6-n-propyl-5-[[2’-(IH-tetrazol-5-yl)biphenyl-4- 
yl]methylJpyrimidin-4-yl]aminoJethanol 41. To a solution of 
8a (6 g, 16.6 mmol) in 100 ml xylene was added 2-amino- 
ethanol (2.5 ml, 41 mmol) and the mixture was refluxed for 
16 h. After cooling, the mixture was washed twice with 50 ml 
water and the organic layer was dried over MgSO, and evapor- 
ated to dryness in vucuo. The residue was chromatographed on 
silica gel with CHClJMeOH (85:15) to give 2-[[5-[(2’-cyano- 
biphenyl-4-yl)methyl]-2-methyl-6-n-propylpyrimidin-4-yl]- 
aminolethanol (9a, 3.8 g, 60%), mp 135°C. Trimethyltin azide 
(2.7 g, 13.6 mmol) was added to a solution of 9a (3.8 g, 
10 mmol) in 50 ml toluene and the mixture was refluxed for 
30 h. After cooling, the mixture was extracted with a NaOH 
solution. The aqueous layer was separated and washed with 
Et20 then acidified with HCl (pH 3). The acid aqueous solution 
was washed with AcOEt and neutralized with NaHCO, (pH 7). 
The crystals obtained were collected by suction washed with 
water and acetone to give 41 (1.9 g, 44%) mp 149-150°C; 
*H-NMR (DMSO-d,): 6 7.67-7.41 (m, 4H), 7.04 (s, 4H), 5.08 
(br s, lH), 3.93 (s, 2H), 3.62-3.49 (m, 4H), 2.52-2.42 (m, 5H), 
1.59 (sext, 2H, J = 7.5 Hz), 0.91 (t. 3H, J = 7.5 Hz). 

Biology 

Angiotensin II receptor binding assay 
Rat adrenal membranes were obtained according to a pre- 
viously described method [19]. Rats were decapitated and 
whole adrenals were rapidly dissected from fatty tissue. They 
were rapidly dried and weighed. Adrenal tissues were homogen- 
ized in 100 volumes of ice-cold buffer (Tris-HCl 10 mM, 
saccharose 0.2 M, EDTA 1 mM, pH 7.4) with a glass-Teflon 

homogenizer. The homogenate was centrifuged at 3000 g 
for 10 min at 4°C. The supematant was centrifuged again at 
12 000 g for 13 min at 4°C. The supematant was then ultracen- 
trifuged in a polycarbonate tube at 102 000 g for 60 min at 
4°C. The resulting pellet was resuspended in 50 volumes of 
ice-cold incubation buffer (Tris-HCI 50 mM, MgClz 5 mM, 
BSA 0.25%, pH 7.2) and homogenized with the glass-teflon 
homogenizer. Receptor binding studies were carried out as 
previously described [19, 201 with slight modifications. Total 
reaction volume was 500 pl consisting of 100 pl membranes 
(2540 ug protein), 50 pl [izsI]Sari-Iles-Ang II (0.2 nM, final 
concentration), 50 pl of various concentrations of the dmgs 
(10-S and l&7 M for screening test) and 300 pl incubation 
buffer. Incubation time was 60 min at 25°C. Non-specific 
binding was measured in the presence of 1 uM (final concen- 
tration) unlabelled Ang II and was about 4-11% of total 
binding. The reaction was terminated by addition of 3 ml of 
cold washing buffer (Tris-HCl 50 mM, MgCl, 5 mM, pH 7.2), 
followed by rapid filtration through Whatman GF/B glass fiber 
filters which were washed twice with washing buffer. Each 
assay was performed in triplicate. 

Data analysis 
Competition data were analysed using the non-linear regression 
program Ligand [24] for an IBM-PC [22] and obtained from 
Elsevier-Biosoft (Cambridge, UK). 

Antihypertensive effect in conscious renal artery-ligated hyper- 
tensive rats 
Male CD Sprague-Dawley rats (250-270 g) were anesthetized 
with Ketamine (100 mg/kg, ip) and the left renal artery was 
completely ligated by means of a 4.0 silk suture, being careful 
not to damage the left kidney or left renal vein [16]. Seven days 
after the ligation, two procedures were performed to record the 
blood pressure in conscious hypertensive rats. 

To estimate the oral antihypertensive potency of the Ang II 
receptor antagonists, groups of renal artery-ligated rats (n = 
3-7 rats/dose) were dosed orally by gavage of the test 
compound at 10, 3 or 1 mg/kg. The SAP was measured before 
and 3 h after dosing by indirect tail-cuff method [17] using a 
sphygmomanometer (PE 300 Narco) coupled to a polygraph 
(Beckman R411). The change in SAP was expressed as the 
decrease in SAP 3 h postdose. The MAP was measured by the 
direct method as described by Smits [18]. Two or three days 
before the experiment, the animals were anesthetized as above 
for the surgical preparation. The left femoral artery was cannu- 
lated and the catheter was passed subcutaneously to the dorsal 
side of the neck and exteriorized. The catheter was connected 
to a Statham pressure transducer coupled to a polygraph 
(Beckman R411) for monitoring arterial blood pressure. The 
signal output was analyzed with a digital computer (Buxco 
Electronics, Sharon, US). The MAP was recorded before and 
20 h after dosing. The change in MAP was expressed as maxi- 
mal decrease in MAP observed during the experiment. When 
the decrease in MAP was less than -15 mm Hg, the drug was 
considered to be without effect. 
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