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AbstractSeveral bicyclic dihydropyrimidines were synthesized and evaluated for their calcium antagonistic activities by 
comparison with the usual 1,4_dihydropyridine calcium antagonist reference compound nifedipine. The solid-state structure of the 
isopropyl 2-methyl-4-(3’-nitrophenyl)-1,4-dihydrobenzo[4,5]imidazo[l,2-alpyrimido-3-carboxylate shows that these 
compounds can adopt the most important structural features of the 1,4_dihydropyridine and 1,4_dihydropyrimidine calcium 
channel blockers. The high-potassium depolarized rat aorta assay was used for testing the compounds as calcium channel blockers. 
Some compounds showed interesting vasorelaxant activity. 

Introduction 

Soon after the discovery of the beneficial uses of 1,4- 
dihydropyridines in cardiovascular medicine, it was found 
that these substances acted by inhibiting the entry of Ca2+ 
into the voltage-dependent calcium channels1a2 of cardiac 
and vascular muscle cells. The 1,4-dihydropyridines are 
still the largest and most widely studied class of calcium 
channel blockers or ‘calcium antagonists’,3 and work in 
this area has led to the development of many 
dihydropyridine derivatives, some of which have been 
successfully introduced as commercial products for the 
treatment of coronary diseases and hypertension (e.g. 
nifedipine, 1).4 More recent studies in this field have been 

devoted to the development of l&lihydropyridines with a 
chiral center at C-4, with longer bioavailability or greater 
tissue selectivity being a characteristic feature of many of 
these compounds (e.g. 2-5).s 

Simultaneously, analogues of the dihydropyridine skeleton 
itself have been synthesized allowing for further refinement 
of the existing structure-activity relationships. Thus, the 
structural similarity between, dihydropyridine and 
dihydropyrimidine has led to the development of a variety 
of dihydropyrimidines 66 and 7,7 by several groups, as 
calcium channel blockers. In addition, fused 
dihydropyridines and dihydropyrimidines S8 have recently 
been claimed as calcium antagonists. 

Niiplne : W = 2-N&; R* - Rs = Me 

Nitrendipine : FV = 3-NO*; R2 = Me; R3 = Et 

Nimodipine : R’ = 3-m; R* c CH2CH@Me; @= i-Pr 

Nicardiplne : R’ = S-N02; R* = CHfiH$We)Bn; R3 - Me 

Fumidipine : Rl = 2-NO& R* =Cb ;Rs=Me 

6 R* = alkyl.; R3 = awl; X - 0, 

R’ 

R% GEL HET 

M 
H 

7 6 X=C,N 
Figure 1. 
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In connection with previously reported work on novel imidazole and benzimidazole were condensed with the 
calcium channel blockers51g we describe here the synthesis corresponding a-benzylidene-p-keto esters 9 in the 
of 1,4dihydropyrimidine systems fused with imidazole and presence of sodium acetate (Scheme I) in hot 
benzimidazole rings, their calcium channel blocking dimethylformamide (DMF). The method allowed for the 
activity and the solid-state structure of a representative preparation of compounds IO and II in yields of 59 % to 
compound. 85 %. 

In order to correlate the structure of fused pyrimidines 10 
Results and Discussion and 11 with previously known calcium antagonists, the 

solid-state structure of isopropyl 2-methyl-4-(3’- 
Imidazo[ 1,5-a]pyrimidine and benzo[4,5]imidazo[ 1,2- nitrophenyl)-l,4dihydrobenzo[4,5]imidazo[1,2-u]pyrimido- 
a]pyrimidine derivatives 10 and 11 shown in Table 1 were 3-carboxylate 1 lc was determined by X-ray 
prepared following the method described by Cho and co- crystallography. Figure 2 shows the perspective diagram of 
workers7~ro for the synthesis of 1,4-~y~p~idin~. In llc with the ~~es~n~ng atomic n~~ng.tt The unit 
this case, commercially available a-amino substituted cell packing diagram (Figure 3) confirmed in each molecule, 

Table 1. Wysical prvperties of imidazo[l,5-a]pyrimidine and benzo[4,5]imidszo[1,2_a]pyrimidine derivatives 10 and 11 

compd R’ RZ w yield, % mp;c formula analysis 

1Oa 
10b 
1oc 
1Od 
100 
1Ot 
1OiY 
1Otl 
llcl 
llb 
11c 
lid 
11e 
111 
110 
llh 
111 

111 
Ilk 
111 

H 
3-F 
3-NO, 

2,6q 
2-NO2 
2-NO2 
H 
3-F 
3-N4 
3-N4 
2-Cl 
2,3-C& 

gg ” 
2-NO2 
3-NO2 
2,3-& 
2-NO, 

Me 
Me 
FPf 

(CH,),~e 
Me 
Et 

:: THF 
Me2 
Me 
i-Pi 

(CH,),~e 
Me 
Me 
Et 

!!S THF: 
i_Prp 
Me 

E 
ii 
61 
59 

z 
74 
76 

H 

HH 
z 
76 

H 65 
H 61 
H 
H z 

Me 62 
Me 70 

CH*THF Me 86 

241-243 
260-262 
253-255 

s350 
306-307 
292-293 
241-242 
267-268 
250-251 
260261 
260-281 
270-271 
284-285 
288-289 
312-313 
287-288 
270271 
288-290 
294-296 
191-192 

C (61.70); H (5.36); N (18.09) 
C (58.42): H (4.20); N (18.69) 
C (55.$9); H (5.20); N (18.40) 
C (53.77): H (4.72); N (17.30) 
C (50.66); H (3.90); N (15.00) 
C (51.55); H (4.01); N (13.92) 
C (53.56); H (4.18); N (19.30) 
C (65.99); H (4.71); N (18.15) 
C (71.24); H (5.51); N (13.40) 
C (67.57); H (4.83); N (12.70) 
C (64.10); H (5.30); N (14.24) 
C (61.53): H (4.72); N (13.54) 
C (64.15); H (4.40); N (12.10) 
C (59.05); H (3.50); N (10.45) 
C (59.59); H (4.12); N (10.25) 
C (62.89); H (4.70); N (15.60) 
C (63.19); H (4.88); N (12.77) 
C (66.38); H (5.99); N (13.45) 
C (60.78); H (4.70); N (9.88) 
C f64.84): H (5.4% N (12.211 

aAll compounds were recrystallized from H20IDMF. THF = tetrahydrofuran-2-y]. 

Maeme I. 
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intermoltxular donor and acceptor hydrogen bonds indicated ring (angle 5.94 “) with the carbonyl group adopting the 
by broken lines between N-Hl.....N3 (distance N- cis conformation with respect to this double bond. In the 
Hl.....N3 = 2.95 A, angle Nl-H-N3 = 173.6 “). The crystal, the 4-aryl ring adopts an almost orthogonal 
crystaIlographic analysis demonstrates that the arrangement (99 “), occupying a pseudoaxial position with 
dihydropyrimidine ring is in a flattened boat conformation the nitro substituent twisted 16 ’ with respect to the main 
with the Nl and Cl 1 atoms lying slightly above the plane plane of the aromatic ring and in a synperiphnar (sp) 
of the benzimidazole moiety. The ester group is almost conformation with respect to Hl 1. 
coplanar with the double bond of the dibydropyrimidine 

025 

figure 2 ‘I’he solid-state structure of isopropyl 2-methyl-4-(3’-niuophenyl)-1,4-dihydrobenzo[4,5]imidazo[f,2-a]pyrjmido-3-~~xyl~ (11~). 

Figure 3. Unit cell packing diagram for compound llc (in~lecular hydrogen i_m& in broken lines). 
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Table 2. Spectral data of compounds 10 

=+wd IA (KEr, v cm-‘) ‘H-NMR (6, ppm) (M”(rel.klt.) 

?Od 

10e 

tof 

log 

1Oh 

?Oa 

?Db 

?OC 

163!&1588,1390 

1641,1590,1389 

16!%?, 1586,1394 

1663,1595,1629 

31x), 1676,141Q 

1667,1567,1276 

1668,158?, 1407 

16!!8,1566,1525 

Table 3, Spectra? data of compounds II 

IR (KBr, v cm-‘) ‘H-NMR (6, ppm) M~+(rel.iM ) 

9.17 (b% IH, NW: 7.4-7.2 (m, 6H, Ar-H phenyl and 5-H); 7.15 and 7.02 
(2 bs, 2H, CONH,); 6.35 (s, IH, 4-H);3.51 (s, 3H, CO&ie) 

9.26 (bs, lH, NH); 7.43 (8, 1H. 5-H);7.4-7.0 (m, SW, Ar-H ~~ 
and CONti$6.40 (bs, 1H, 4-H); 3.5&i, 3H, CO,Me) 

9.31 (bs, IH, NH); 8.2-7.6 (m, 4H,Ar-H nitrophenyl); 7.41 (s, 1H, 5-H); 
7.26 and 7.09 (2 ba, 2H, CON&); 6.5!%% lH, 4-H); 4.81 (m, iH, Ji. 6.1 Hz, CH); 
I.26 (d. 3H, J= 6 1 Hz, Me); 0.92 (d, 3H,JI 6.1 Hz; Me) 

9.24 tbs. l!% NH); 8.1-7.5 {m, 4H. ~-H,n~~~nyl): 7.39 (s, IH, 6-H); 
7.15 amf 7.04 (2 bs, 2H, CONH,); 6.48 (s, iH, 4-H):4.1-3.9 (m, m, CO&H& 
3.5-3.3 (m, 2H,CH,O); 3 11 (s,3H, OMe); 2.47 (6, 3H, -C-Me) 

9.51 (9, IH, NH); 8.2-7.5 (m, 7H, Ar-H ~~h~~~nyl, CONH,, 4-H 3.29 
and 6-H); (s, 3H, CO,Me) 

9.26 (s, IH, NH); 7.5-7.0 (m, 6H, Ar-H dichkx#enyt, CONH, and 5-H): 
6.94 (s, lH, 4-N); 4.0-3.7 (m, 2H, OCH,); 2.45 (8, 3H, =C-Me); 0.92 (dt, 3H, 

J= 7.1 and 1.2 Hz) 

9.35 (bs. iH, NH); 7.9~7.2 (m, 7H, Ar-H nitrophenyl, CONH, and 5-H); 
6.68 (s, fH, 4-H); 3.28 (s, 3H, CO@ef 

9.37 fbs, lH, NH); 7.9-7.3 (m, 5x, Ar-H nilrophenyf and 6-H); 7.26 and 
7.11 (2 bs, 2H, CONH,): 6.77 and 6.76 (2 s, IH, 4-H ~~~~~~ 
3.9-3 4 (m, 5H, CO&H,. Z-CH and S-CH,); I 8-i .2 (m, 4H, 3’-CH, and Ir’-C?$) 

312 (37) 

330 (45) 

3% (69) 

401 (77) 

367 (21) 

427 (19) 

110 1704,1571,1249 

lib 1616,1571, 1263 

??c 1572, 1521,1247 

??d 1569,1525,1250 

110 1620,1576, 1261 

llf 

??g 

llh 

??f 

??I 

Ilk 

??i 

17a8,1618,1574 

1573,1254,lo65 

1570,1256,1077 

1619,1572,1630 

1630,135o,f266 

1!%3,1265,1246 

iv@‘ I 464,126s 

l i .I3 (bs, lH, NH); 7.4-6.9 (m, %I, AI-H Phil and ~~rn~~~); 6.45 (s. 1X, 4-H); 
3.58 (a, 3H, CO&Ie); 2.46 (s, 3H, -C-Me) 

319 (32) 

10.92 (bs, IH, NH); 7.5-6.9 (m, 6H, Ar-H 1~ and ~~rn~ie): 
6.47 fs,lH, 4-H); 3.58 (s, 3H, CO,Me); 2.45 (s, 3H, &-Me) 

337 WV 

IO.90 (bs, lH, NH); 8.3-7.5 (m. 4H, Ar-H ni?mphenyi); 7.34 end 7.29 (2 d, 2H, J= 7.6 Hz, 
5H and 8-H); 7.03 and 6.78 (2 dt, 2H, J= 7.8 Hz, & 1.1 Hz, 6-H and 7-H); 6.61 (So 1X, 4-H); 
4.83 (m, lH, J= 6.2 Hz, CXH); 2.45 (s, 3H, =C-Me);1.24 (d, 3H, J= 6.2 HZ, CHMe); 
0.97 (d, 3H, J= 6.2 Hz, GH&) 

392 (21) 

1 I 00 (bs, lH, NH): 8.3-6.9 (m, 8H, Ar-H n~r~~yl and ~~); 8.62 (8, IH, 4-H, 
GH&CO); 4.2-3.9 (m, 2H!H), 3.63.3 (m, 2H, CH,-OMe); 3.t8 (s, 3H, We); 2.47 (s, 1H. &-Me) 

IO.63 (bs, iH, NH); 7.4-6.9 (m, 8H, Ar-H Neal and ~rn~~~; 
6.74 (s, iH, 4-H); 3.51 (s, 3H, CO,Me); 2.44 (s, 3H. &-Me) 

7.5-7.1 (m, 8H, Ar-H dichfwphenyl, bencim&zoie and NH); 8.96 
(s, IN, 4-H); 3.69 (s, 3H, COgMe); 2.71 (s, 3H, &-Me) 

7.6-7.2 (m, %i, Ar-H ~~~~1, bencimidazde, NH and 4-H); 4.13 
(m, 2x, CH@O); 2.61 (s, 3H, =XXe); 1.17 @, 3H, JI 7.f Hz, CH,-Me) 

388 (6) 

402 (91 

IO.90 jibs, lH, NH); 7.9-7.2 (m, 8H, Ar-H ~~~~1 and ~rn~)~ 
7.69 (s,lH, 4-H); 3.56 (s, 3H, CO&l@; 2.48 (s, 3H, &-Me) 

364 (i6) 

7.9-7.0 fm, 9H, Ar-H niWphenyl, bencimkWole and 4-H); 4.2-3.6 (m, 5H, CO&H,, 
2’-CH and 5’-CH,); 2 67 (s,3H, &-Me); 2.7-1.4 (m, 4H, 3’-CH, and C-CH,) 

434 06) 

IO.60 (bs, lH, IN); 8.2-7.0 fm, 6H, Ar-H ni?mphenyl and bencimidazde); 6.53 (a, lH, 4-H); 
4.82 (m, lH, CO&H); 2.42(s, 3X, PC-Me); 2.16 (8, 3H, Me ~~rn~~ 2.14 (a, 3l-i, 

Me bendmidad); 1.23 (d. 3H,J= 6.4 Hz, CHMft); 0.96 (d, 3H, J= 6.4 Hz, CHMe) 

420 W) 

IO.89 tbs. lH, NH); 7.5-8.7 (m, 6H, Ar-H d-t@, ben&n!k?a&e and 4-H); 3.60 (s, fH, 
CO&+el; 2.42 (s, 3X, -C-Me);2.17 (s, 3H, Me ~~rn~~; 2 13 (s, 3H, Me ~~~~ 

416 (loq 

10.98 (s, iH, NH); 7.9-7.2 (m, 6H, Ar-H ntrophenyi and ben&mii); 7.01 and 7.00 

(2s. lH, 4-H );4.03.5 (rn,5H,~O*CH~, 2’-CH and 5’.CH,); 2.38 (s, 3H &Me); 2.18 (s, 3H, 
Me bencimkiazole), 2.12 (s, 3H, Me benctmidazole), 1 9-1.4 (m, 4H, 3’-CH, and 4’.CH,) 

462 (15) 



Imidaxo[ 1,5-a]pyrimidine derivatives 327 

Therefore, the conformational features found in these series 
of compounds, clearly mimic those found in active 
dihydropyridines and dihydropyrimidines,12 where a 
flattened boat conformation of the heterocyclic ring, an 
orthogonal orientation of the 4-aryl substituent and a cis 
conformation for the carbonyl group have been observed 
and found to be crucial to confer calcium antagonistic 
activity. 

‘H NMR studies also reflect some structural features of 
these series of compounds (Tables 2 and 3). The ethyl, 
isopropyl and metboxyethyl radicals of the ester groups 
appeared as ABX3, AX3 and AA’BB’ systems respectively, 
consistent with severe restriction of the rotation of these 
ester groups in solution. Furthermore, in compounds 
having the aryl ring disubstituted in both C2’ and C6’ 
positions the NMR spectra showed that the H3’ and H5’ 
protons appeared as two different signals (e.g. 7.33 and 
7.35 ppm in 1Of) with different coupling constants. This 
is noteworthy and is in agreement with hindered rotation of 
the aryl group at room temperature. Although other 
examples of restricted rotation of the aryl substituent in 4- 
aryl susbtituted dihydropyridines and dihydropyrimidines 
have been reported, to our knowledge this is the first time 
that the two signals have been observed at room 
temperature6J3 

Vasorelaxant potency was determined by comparison of the 
IC5e values obtained from concentration-effect curves 
determined on strips of K*-depolarized rat thoracic aortae. 
In the presence of 35 mM K+, the addition of 1.5 mM 
Ca2+ evoked contractile responses of the rat aortic strips, 
which were reproducible when repeated at 30 min intervals 
several times in the same preparation. Addition of 
increasing concentrations of nifedipine and most of the 
synthesized compounds evoked a progressive blockade of 
the Ca2+ response. The activity of the new compounds is 
summarized in Table 4. For structure-activity studies we 
chose the aromatic substituents commonly employed in 
active 1,4diiydropyridines. The effect on the potency of 
the heteroaromatic moiety fused with the pyrimidine ring 
was studied by preparing imidazo[1,5-alpyrimidine and 
benzo[4,5]imidazo[l,2-alpyrimidine analogues. However, 
in this stage of development still few compounds are active 
enough to deduce consistent structure-activity 
relationships. As shown in Table 4, either imidazole (10~ 
and 10h) or benzimidazole (llb and lld) derivatives are 
in the group of the more active compounds, without 
showing any clear preference. Variation of the length and 
size of the ester group had a significant effect on calcium 
channel blocking activity in both series. Thus the 
tetrnhydrofuran-2-yhnethyl ester 1Oh was more potent than 
the corresponding methyl ester 1Og and the isopropyl ester 

Table 4. The I& values for vasorelaxant activity of compounds 10 and 11 prepared 

Compd R’ R’ R3 IC,( nM )* 

1Oa 

10b 

1oc 

10d 

10e 

1OC 

1Ob 

10h 

lla 

lib 

llc 

lld 

Ile 

111 

llg 

Ilh 

lli 

lti 

Ilk 

111 

Nifedipine 

H 

3-F 

3-N& 

3-No, 

22-q 

26-q 

2-No, 

2-N4 

H 

3-F 

3-N4 

3-N4 

2-Cl 

23-q 

25-q 

2-N02 

ZNO, 

3-N4 

23-q 

2-NO* 

Me 

Me 

i-R 

(CWOMe 

Me 

Et 

Me 

CH,THF 

Me 

Me 

i-Pr 

w-&J,O~ 

Me 

MC 

Et 

Me 

CHJHF 

i-Pr 

Me 

CqTHF 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Me 

Me 

Me 

>lOOO 

>looo 

19oztl31.79 

lOCQk153.76 

>I000 

>looo 

>looo 

24f11.39 

>looo 

15Ok4.06 

31 lozt624.28 

3Okl4.16 

>looo 

>looo 

>looo 

>looo 

>looo 

55Oztl.150.29 

>looo 

>looo 

12k2.30 

BData are mean f standard. Number of experiments = 4. 
THF: tetrahydrofuran-2-yl. 
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1Oc was more potent than the corresponding methoxyethyl 
ester 1Od. In contrast, the derivative llc was significantly 
less potent than lld. As shown in Table 4, other things 
being equat in the benzo[4,5]~i~o[l,Z-ulpyrimidine 
series, methyl substitution on C-7 and C-8, in one 
instance, produced approximately a 6 fold increase in 
potency (llj versus 11~). The most active compounds in 
both series show similar potency (10h versus lid) 

In conclusion, compounds 10 and 11 possess the most 
important confo~ational features of active 1,4- 
dihydropyridines and 1,4-dihydropyrimidines as 
demonstrated by X-ray crystallographic analysis of Ilc. 
Although some of these derivatives were devoid of 
blocking effects, others showed ~ig~~c~t reduction of the 
K+-induced con~a~tion in rat aorta and thus an ~~gonism 
of the calcium channel, the most active compounds being 
within the range of the nifedipine effect. New 
developments are in progress to optimize the activity of 
the series prepared 

E~per~~e~tal Section 

Chemistry 

All melting points were determined on a Buchi SMP-20 
apparatus and are uncorrected. IR Spectra were obtained as 
KBr disks on a Peru-Ever I3 10 s~c~opho~me~r. IN 
NMR spectra were recorded on a Varian Unity 300 and 
determined in (CD3)2SO and chemical shifts are expressed 
in parts per million (6) relative to internal MehSi, 
Microanalyses were performed on an Heraeus CHN Rapid 
analyzer, and the results for all new compounds are within 
0.4 % error. 

All chemicals were purchased from the Aldrich Chemical 
Co., Ltd, and were used without further pu~~~~on. The 
~-~nzylidene-~-ke~ esters 9 were prepared as previously 
,por&&l4,15 

A mixhue of 4-~o-5-c~~oyl~~ole hy~~o~~ 
(2.25 mmol), the corresponding ~-~nzylid~e-~-keto ester 
(2.25 mmol), ~ie~yl~ine (230 mg, 2.25 mmol) and 
sodium acetate (380 mg, 4.72 mmol) in DMF (2.6 mL) 
was stirred at room temperature for 15 min and then heated 
at 65 “C for 24 h. The reaction mixture was cooled and 
wed into cold water (15 I&). The ~cipi~~ formed was. 
collected by fdtration, washed with water (3 x 5 mL) and 
~stallized, affording pure compounds 10. 

Typical’ procedure for the preparation of I,4- 
dih~robenzo[~,S]i~~o/l,2-a]pyrimidina derivatives 11 

A mixture of 2-~nobenz~i~ole or 2-amino-5,6- 
~e~yl~n2~i~ole (2.5 mmol), the binding CL- 
~nzy~~n~-~-keto ester (2.5 mmol) and sodium acetate 

(430 mg, 5.24 mmol) in DMF (3 mL) was heated at 65 “C 
for 24 h. The reaction mixture was worked up as above 
indicated for compounds 10. 

Crystal data for compound 1 lc: Molecular formula: 
C21H20N404 M = 391.41, space group P21/c, a = 
12.369(g), b = 18.864(7), c = 8.946(6) A, fi = 1~.98(3}‘, 
u= 1974(4) A3 (by least-squares refinement on 
diffractometer angles for 25 automatically centred 
reflections}, h = 0.71073 ii, Z = 4, Dc = 1.317 g cme3. 
Yellow, 0.20 x 0.32 x 0.35 mm,3 p(MoKa) = 0.874 cm-l 
F(000) = 820.0. All crystallographic measurements were 
made on a E~-N~~S CAD4 dif~a~tometer, w/20 
mode with w scan width = 2.40 -I- 1.05 tan w,o scan 
speed 1.2-8.2 deg min-‘, gmphit~mon~~omated MoKa 
radiation; number of reflections measured 6170 i2.0 2 0 I: 
30 O, 0 < h 5 17, -0 I_< k c: 26, -12 < 1 < 121; 3932 
observed reflections with I < 2a(0* two standard reflections 
were measured every 120 min and no variation was 
detected. The s~ct~e was solved by direct methods using 
~T~,16 DIR.DIF17 and SPD Structure Devotion 
Package, ENRAF-NQNIUS Programms. 1 8 Full-matrix 
least squares refinement with all non-H atoms anisotropic. 
The H-atoms were experimentally determined with the 
exception of H-atoms of the methyl groups. Final R and 
Rw values are 0.062 and 0.085 with 

Highest peak in final DF map 0.4 e AW3, Source of data for 
scattering factors is given in Reference 19. 

Male Sprague rats weighing 250-300 g were sacrificed and 
the thoracic aorta removed and placed in zebu-bi~~nate 
buffer. Excess fat and tissue was removed, and the aorta 
was cut in helicoidal strips.2* The procedure was 
essentially as described by Van Rosum21 and Yousif.22 
Strips were moun~d in organ baths under a 2.5 g preload 
in a webs-bic~~na~ solution at 37 “C and bubbly with 
95 % 02 + 5 % CO2 (final pH = 7.4). Equilibration was 
allowed for 1 h. The aorta was washed every 20 min to 
avoid interference of metabolites. Afterwards, a 
depolarization was induced by adding 35 mmol K+ 
(wi~out osmotic adjus~ents}, and 10 min later 1.5 mm01 
Ca2+ was added to evoke ~on~~tion$. This process was 
repeated until a reproducible response was achieved. Strips 
were thereafter exposed to increasing concentrations of 
compounds 10 and 11 or nifedipine, 20 min before and 
during the Ca2+ addition period. Responses in the presence 
of each concentration were recorded and normalized with 
respect to initially recorded tensions. ICso values were 
dateline from ~oncen~ation-response curves using fhe 
method of Fmney.23 
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