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To determine the structural requirements of the benzamide derivatives reported by Nakai et al. (J. Med. Chem. 
1988, 31, 84-91) for antileukotriene activity, we studied their conformational characteristics in comparison with 
those of leukotriene. By superimpositions of the conformations of antagonists on that of leukotriene, we found that 
the conformations of the conjugated benzamide moiety, tetrazole ring, and benzopyran or benzodioxan ring of the 
antagonists correspond to the triene moiety, peptide carboxylic acid residue, and cysteine residue of leukotriene, 
respectively, but that no moiety of the antagonists corresponds to the terminal aliphatic carboxylic acid moiety of 
leukotriene. Furthermore, the stable conformations of alkyl and alkoxy groups of the antagonists were quite different 
from that of the w-chain of leukotriene. However, conformational analyses taking all the possible rotations of these 
flexible chains into consideration showed that antagonists in which these flexible chains can most feasibly adopt 
the same lengths as those of the u-chain exhibit potent antagonist activity. From these results, we deduced the 
structural features of benzamide derivatives necessary for potent antileukotriene activity. 

Introduction 
Peptidoleukotrienes (LTs; for chemical structures, see 

Chart I) are mediators of asthma, and show potent bron-
choconstriction activity.1 Thus, their antagonists are 
expected to be therapeutically effective in treatments of 
allergic asthma and other hypersensitivity diseases.2,3 The 
hydrozyacetophenone (HAP) compound FPL-557124 has 
long been known to be an antagonist of the slow-reacting 
substance of anaphylaxis (SRS-A). As SRS-A itself is a 
mixture of LTs,5 attempts have been made to develop 
effective LT antagonists by modification of HAP.*"12 The 
most commonly used antagonist developed by this method 
is probably LY-171883,7 and L-649,9239 and L-648,05110 

are under clinical trial. Another approach in developing 
LT antagonists is modifications of the chemical structure 
of LTs,13"16 SK&F-104.35314 and U-1905215 being repre­
sentative examples of drugs developed in this way. 

There are also other effective antagonists that do not 
contain the HAP moiety or do not seem to contain a 
structure common to LTs such as L-660,71117"19 and 
ICI-198,615.20"22 Thus, these antagonists may belong to 
a third category of LT antagonists. Recently, the group 
of Toda and Nakai23,24 reported that benzamide derivatives 
such as ONO-1078 (cf. Chart I) have potent anti-LT ac­
tivities. The structures of these compounds have no su­
perficial similarity with those of LTs, although Nakai et 
al.24 designed these compounds to contain common hy­
drophobic and hydrophilic regions to those of LTs. 

We were interested in the structural requirements for 
the anti-LT activities of benzamide derivatives of ON­
O-1078, such as N-(4'-substituted benzoyl)-8-amino-2-
(tetrazol-5"-yl)-4H-l-benzopyran-4-one (BPs; cf. Chart II), 
and JV-(4'-substituted benzoyl)-8-amino-2-(tetrazol-5"-

f Abbreviations: LT(s), leukotriene(s); nor-LT, 2-norleukotriene; 
BP(s), JV-(4'-substituted benzoyl)-8-amino-2-(tetrazol-5"-yl)-4i/-
l-benzopyran-4-one(s); BPM(s), N-(4'-alkylbenzoyl)-8-amino-2-
tetrazol-5"-yl)-4H-l-benzopyran-4-one(s); BPO(s), Af-(4'-alkoxy-
benzoyl)-8-amino-2-(tetrazol-5"-yl)-4if-l-benzopyran-4-one(s); 
BD(s), N-(4'-substituted benzoyl)-8-amino-2-(tetrazol-5"-yl)-
benzodioxan(s); BDM(s), iV-(4'-alkylbenzoyl)-8-amino-2-(tetra-
zol-5"-yl) benzodioxan (s); BD(s), Af-(4'-alkoxybenzoyl)-8-amino-
2-(tetrazol-5"-yl)benzodioxan(s); HAP, hydroxyacetophenone. 
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Chart I. Chemical Structures of Leukotrienes and Their 
Antagonist 

Peptidoleukotrienes ONO-1078 

Chart II. Chemical Structures of Benzamide Leukotriene 
Antagonists 

N=N N=N 

N=N N=N 

yl)benzodioxan (BDs; cf. Chart II). We introduced various 
alkyl or alkyl ether chains at the C(4') position of the 
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ington, DC) 1983, 220, 568-575. 
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phylaxis. Nature (London) New Biol. 1973, 245, 215-217. 

0022-2623/92/1835-2440$03.00/0 © 1992 American Chemical Society 



Benzamide-Type Anti-Leukotriene Antagonists 

Table I. Biological Activities and Physicochemical Parameters 
of Benzamide-Type LT Antagonists 
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A - >^—* ' peptide-COOH 

antagonist 
BDM6 
BDM7 
BDM8 
BDM9 
BDM10 
BD05 
BD06 
BD07 
BD08 
BD09 
BPM6 
BPM7 
BPM8 
BPM9 
BP06 
BP07 
BP08 
BP09 

P V 
6.68 
7.15 
7.00 
6.80 
6.30 
7.00 
7.89 
8.05 
7.85 
7.70 
7.82 
8.38 
8.26 
8.15 
9.07 
9.30 
8.26 
8.13 

L" 

12.44 
13.38 
14.49 
15.43 
16.54 
12.33 
13.27 
14.40 
15.34 
16.46 
12.44 
13.38 
14.49 
15.43 
13.27 
14.40 
15.34 
16.42 

Bt' 
5.87 
6.39 
7.33 
7.85 
8.79 
5.73 
6.23 
7.16 
7.66 
8.60 
5.87 
6.39 
7.33 
7.85 
6.23 
7.16 
7.66 
8.60 

** 

5.26 
5.80 
6.34 
6.88 
7.42 
4.25 
4.79 
5.33 
5.87 
6.41 
5.26 
5.80 
6.34 
6.88 
4.79 
5.33 
5.87 
6.41 

DL' 

1.312 
0.193 
0.197 
0.580 
0.977 
1.381 
0.172 
0.221 
0.594 
0.997 
1.312 
0.193 
0.197 
0.580 
0.172 
0.221 
0.594 
0.997 

'Negative logarithm of the concentration of benzamide-type 
antagonists required for 50% inhibition of LTC4-induced contrac­
tion of guinea pig ileum reported by Nakai et el.2* These values 
were means for several runs, and their deviations were about 10% 
(T. Miyamoto, personal communication), 'STERIMOL parameter 
representing the chain length. CSTERIMOL parameter representing 
the maximum chain width. ''Hydrophobic substituent coefficient. 
'Determined by eq 9. 

benzoyl ring of these benzamide derivatives; for simplicity, 
we refer to their alkyl derivatives as BPMs and BDMs, and 

(5) Samuelsson, B.; Hammarstrom, S. Nomenclature for leuko-
trienes. Prostaglandins 1980,19, 645-648. 

(6) Appleton, R. A.; Bantick, J. R.; Chamberlain, T. R.; Hardern, 
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l-[2-hydroxy-3-propyl-4-[4-(lH-tetrazol-5-yl)butoxy]phenyl]-
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macol. Exp. Ther. 1985, 233,148-157. 
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1986, 64,1068-1075. 
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butanoate: a leukotriene D4 receptor antagonist. Can. J. 
Physiol. Pharmacol. 1986, 64,1535-1542. 

(11) LeMehieu, R. A.; Carson, M.; Han, R.; Nason, W. C; O'Don-
nell, M.; Brown, D. L.; Crowley, H. J.; Welton, A. F. Substi­
tuted (aryloxy)alkanoic acids as antagonists of slow-reacting 
substance of anaphylaxis. J. Med. Chem. 1987, 30,173-178. 
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nists. 2. The [[(tetrazol-5-ylaryl)oxy]methyl]acetophenone 
derivatives. J. Med. Chem. 1987, 30, 911-918. 

(13) Gleason, J. G.; Ku, T. W.; McCarthy, M. E.; Weichman, B. M.; 
Holden, D.; Osborn, R. R.; Zabko-Potapovich, B.; Berkowitz, 
B.; Wasserman, A. 2-Nor-leukotriene analogs: Antagonists of 
the airway and vascular smooth muscle effects of leukotriene 
C4, D4 and E4. Biochem. Biophys. Res. Commun. 1983,117, 
732-739. 

peptide-COOH 

Figure 1. Superimposition of BP07 on leukotriene E4: (A) side 
view, (B) top view. Closed and open circles represent LTE4 and 
BP07 molecules, respectively. The moieties of BP07 are shown 
in parentheses. 

to their alkoxy derivatives as BPOs and BDOs. The 
structures of these derivatives are shown by the number 

(14) Perchonock, C. D.; Uzinskas, I.; McCarthy, M. E.; Erhard, K. 
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Krell, R. D. Synthesis and pharmacological characterization of 
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activities. J. Med. Chem. 1988, 31, 692-696. 

(16) Gieske, T. H.; Sabol, J. S.; Raddate, R. MDL28.753, an agonist 
of LTD4 but an antagonist of LTC4 in longitudinal muscle of 
guinea pig ileum. J. Pharmacol. Exp. Ther. 1990, 254, 
192-197. 

(17) Musser, J. H.; Kubrak, D. M.; Chang, J.; Lewis, A. J. Synthesis 
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Chem. 1986, 29, 1429-1435. 

(18) Galemmo, R. A., Jr.; Johnson, W. H., Jr.; Learn, K. S.; Lee, T. 
D. Y.; Huang, F. C; Campbell, H. F.; Youssefyeh, R.; O'-
Rourke, S. V.; Schuessler, G.; Sweeney, D. M.; Travis, J. J.; 
Sutherland, C. A.; Nuss, G. W.; Carnathan, G. W.; Van In-
wegen, R. G. The development of a novel series of (quinolin-
2-ylmethoxy)phenyl-containing compounds as high-affinity 
leukotriene receptor antagonists. 3. Structural variation of the 
acidic side chain to give antagonists of enhanced potency. J. 
Med. Chem. 1990, 33, 2828-2841. 

(19) Gauthier, J. Y.; Champion, T. J. E.; Charette, L.; Dehaven, R.; 
Ford-Hutchinson, A. W.; Hoogsteen, K.; Lord, A.; Masson, P.; 
Piechuta, H.; Pong, S. S.; Springer, J. P.; Therien, M.; Zam­
boni, R.; Young, R. N. Stereospecific synthesis, assignment of 
absolute configuration, and biological activity of the enan-
tiomers of 3-[[[3-[2-(7-chloroquinoUn-2-yl)-(E)-ethenyl]phenyl] 
[[3-(dimethylamino)-3-oxopropyl]thio]methyl]thio]propionic 
acid, a potent and specific leukotriene D4 receptor antagonist. 
J. Med. Chem. 1990, 33, 2841-2845. 

(20) Snyder, D. W.; Giles, R. E.; Keith, R. A.; Yee, Y. K.; Krell, R. 
D. In vitro pharmacology of ICI 198,615: A novel, potent and 
selective peptide leukotriene antagonist. J. Pharmacol. Exp. 
Ther. 1987, 243, 548-556. 
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of C atoms (n) of the alkyl (C^H^-n in the BPM and BDM 
series) or alkoxy (OCnH^+i in the BPO and BDO series) 
group at the end of BPM, BPO, BDM, or BDO; e.g., BPM7 
represents BPM with a heptyl chain. The length of the 
alkyl or alkoxy group is also shown by the number of C 
atoms, such as C7 for the heptyl group, and OC7 for the 
heptyl ether group. We found that a similar conformation 
of antagonists to that of LTs, except in the terminal ali­
phatic carboxyl chain of the latter, is important for their 
antagonist activities. 

Results 
1. Hansch-Fujita Analyses. We analyzed the LT 

antagonist activities of BPs and BDs against guinea pig 
ileum contraction induced by LTD4 reported by Nakai et 
al.24 by the method of Hansch and Fujita.25"27 We found 
that the following relationship, analyzed in terms of the 
Verloop's STERIMOL parameter L,28 was the most signifi­
cant: 

-25.895 - 0.163L2 + 4.643L + 0.769L0 + 1.082/BP (1) 
(±8.356) (±0.040) (±1.167) (±0.135) (±0.136) 

(fl = 18, r = 0.952, s = 0.283) 

where the indicator variable I0 is 1 with alkoxy groups and 
0 with alkyl groups, and IBP is 1 with benzopyran deriva­
tives (BPs) and 0 with benzodioxans (BDs). Values in 
parentheses represent 95% confidence intervals, and n, r, 
and s are the number of antagonists used in the analysis 
(cf. Table I), the correlation coefficient and the standard 
deviation, respectively. The optimum value of the chain 
length L of the alkyl or alkoxy group was 14.24, corre­
sponding to C8 for an alkyl group and to OC7 for an alkoxy 
group. 

Use of the STERIMOL parameter B4 instead of L gave a 
similar correlation. When anti-LT activities were analyzed 
in terms of the hydrophobic substituent coefficient w of 
the alkyl group (BPMs and BDMs) and the alkoxy group 
(BPOs and BDOs), a significant correlation, but lower than 
that in eq 1, was obtained as shown in eq 2: 

p/sn = -0.574 - 0.243*-2 + 2.732s- + 0.669/o + 1.079/BP 
(±4.031) (±0.119) (±1.395) (±0.198) (±0.182) 

(2) 

(n = 18, r = 0.916, s = 0.370) 

(22) Catanese, C. A.; Falcon, R. C; Aharony, D. Guanyl-5'-yl-
imidodiphosphate regulation of ligand binding to LTD4 re­
ceptors on guinea pig lung membranes. J. Pharmacol. Exp. 
Ther. 1989, 251, 846-851. 

(23) Toda, M.; Nakai, H.; Kosuge, S.; Konno, M.; Arai, Y.; Miyam­
oto, T.; Obata, T.; Katsube, A.; Kawasaki, A. A potent antag­
onist of the slow-reacting substance of anaphylaxis. Ado. 
Prostaglandin Thromboxane Leukotriene Res. 1985, 15, 
307-308. 

(24) Nakai, H.; Konno, M.; Kosuge, S.; Sakuyama, S.; Toda, M.; 
Arai, Y.; Obata, T.; Katsube, N.; Miyamoto, T.; Okegawa, T.; 
Kawasaki, A. New potent antagonists of leukotriene C4 and D4. 
1. Synthesis and structure-activity relationships. J. Med. 
Chem. 1988, 31, 84-91. 

(25) Hansch, C; Fujita, T. p-a—r Analysis. A method for the cor­
relation of biological activity and chemical structure. J. Am. 
Chem. Soc. 1964, 86, 1616-1626. 

(26) Hansch, C; Leo, A.; Unger, S. H.; Kim, K.-H.; Nikaitani, D.; 
Lien, E. J. "Aromatic" substituent constants for structure-ac­
tivity correlations. J. Med. Chem. 1973, 16, 1207-1216. 

(27) Hansch, C; Rockwell, S. D.; Jow, P. Y. C; Leo, A.; Steller, E. 
E. Substituent constants for correlation analysis. J. Med. 
Chem. 1977, 20, 304-306. 

(28) Verloop, A.; Hoogenstraaten, W.; Tipker, J. In Drug Design; 
Aliens, E. J., Ed.; Academic Press: New York, 1976; Vol. 7, pp 
165-207. 
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Figure 2. Comparison of the conformation of BP07 with that 
of LTE4 . Structures shown by broken and continuous lines 
represent LTE4 and BP07 , respectively, and open arrows rep­
resent moieties or the atoms of LTE4 that fitted those of BP07. 
Closed arrows represent moieties of LTE4 that did not fit those 
of BP07. 

A benzopyran B benzodioxane 

Figure 3. Space-filling models of the conformations of 8-
amino-2-(tetrazol-5'-yl) derivatives of benzopyran-4-one (A) and 
benzodioxan (B). Upper models show side-view conformations, 
and lower models show top-view conformations. Shaded moieties 
represent the tetrazole ring. 

In eqs 1 and 2, t he value of t he coefficient with a n I0 

of 0.769 or 0.669 indicates t h a t t he alkoxy g roup is a b o u t 
6 t imes more favorable t h a n the alkyl g roup wi th t he 
corresponding chain length for exerting high activity. 
Furthermore, the value 1.082 or 1.079 of the coefficient 
with 7BP shows that the benzopyran ring is more than 10 
times as effective as the benzodioxan ring. As the van der 
Waals volumes of these two rings are about the same, some 
other factor(s) seems important. 

2. Stable Conformations of Antagonists and LT. To 
obtain more detailed information about the structural 
requirement for the anti-LT activities of the benzamides, 
we next compared the most stable conformations of these 
antagonists with that of LTE4. We used LTE4 as a rep­
resentative LT because of its structural simplicity. Ball 
and stick models of the conformations of BP07 and LTE4 
are compared in Figure 1. The atoms 0(1), C(8), amide 
carbonyl-C, C(2'), and O(a) of BP07 were found to cor­
respond to the sulfur atom of the sulfide bond, C(7), C(9) 
and C(ll) of the conjugated triene moiety, and the C(14) 
atom of LTE4, respectively. Namely, the conjugated 
benzamide moiety seemed to be equivalent to the conju­
gated triene moiety, and 0(1) in the benzopyran ring and 
the C-NH moiety of the tetrazole ring of the antagonist 
superimposed well on the sulfur atom and the peptide 
COOH group in LTE4. However, there was no structural 
moiety of BP07 that fitted the terminal aliphatic COOH 
chain between C(l) and C(5) of LTE4. Furthermore, the 
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Figure 4. Conformational probability of the C(4')-C(a) and 
C(4'K>(a) bonds of BPM8 and BP07, respectively. Calculations 
were performed by generating various conformations of these 
bonds, but fixing angles of the other bonds of alkyl and alkyl ether 
chains. P,: probability of the generated conformation i of these 
bonds. 8: dihedral angle. 

conformation of the alkoxy group at the 4'-position of the 
benzoyl ring of BP07 was quite different from that of the 
co-chain of LTE4. These features are summarized in Figure 
2. Similar structural characteristics to those of BP07 were 
also observed in BDM8, BD07, and BPM8. 

According to eq 1, the benzopyran ring was more ef­
fective than the benzodioxan ring for antagonist activity. 
As the hydrophobicities and the van der Waals volumes 
of these rings are very similar, we next examined the 
conformations of these rings to determine why the ben­
zopyran ring is favorable to the benzodioxan ring. We used 
8-amino-2-(tetrazol-5'-yl) derivatives of benzopyran-4-one 
and benzodioxan as models of BPs and BDs, respectively. 
We determined the most stable conformations of these 
compounds by molecular orbital calculation, taking into 
consideration their conjugated structures. Figure 3 shows 
space-filling models of the stable conformations of these 
compounds. Interestingly, the tetrazole and benzopyran 
rings are almost coplanar (A), but the tetrazole ring is not 
coplanar with the benzodioxan ring (B). Thus, the con­
formational coplanarity of the former two rings is favorable 
for the C-NH moiety of the tetrazole ring to be located 
at a similar position to that of the peptide COOH of LTs. 
This conformational similarity would be a reason why BPs 
showed higher LT-antagonistic activities than the corre­
sponding BDs. Other structural factors such as the car-
bonyl group at C(4) and the double bond between C(2) and 
C(3) in the benzopyran ring could also be favorable for the 
higher biological activity of BPs. 

3. Rotation of Alkyl and Alkyl Ether Chains of 
Antagonists. QSAR analysis by eq 1 showed the im­
portance of the lengths of alkyl and alkoxy groups for 
anti-LT activity, although the structures of stable con-
formers were quite different from that of the co-chain of 
LTE4. It is important to know whether similar confor­
mations of these flexible chains of antagonists to those of 
the co-chain of LTs are required for their antagonist ac­
tivities. 

We determined the conformational distributions of the 
alkyl and alkyl ether chains as functions of the torsional 
rotation angle 8 about the C(4')-C(a) bond of the alkyl 
chain and about the C(4')-0(a) bond of the alkyl ether 
chain. We defined d as 0° and ±180°, when the benzoyl 
ring and the C(a)-C(0) or the 0(a)-C(j8) bond were in the 
same plane, and as ±90°, when they were perpendicular 
to one another. Figure 4 shows the probabilities of various 
conformations of BPM8 and BP07 as functions of 6. The 
conformational distribution for BPM7 was symmetric with 

* - ^ ^ ^ ^ ^ f ^ < 3 

o 

o 

Figure 5. Possible conformations of alkyl ether chains attached 
to the 4'-position of the benzoyl ring of LT antagonist. 

minima at 6 = 0° and ±180° and maxima at 6 = ±90°, but 
the distribution for BP07 was just the opposite with 
minima at about 6 = ±90° and maxima at 6 = 0° and 
±180°. These results indicate that the C(a)-C(j8) bond is 
perpendicular to the benzoyl ring, but the 0(a)-C(/3) bond 
is in the same plane as the benzoyl ring. Other compounds 
with different lengths of alkyl and alkyl ether chains 
showed similar results. 

The conformations of the other bonds in these chains 
were found to be the same. Thus, the conformations of 
these chains were governed by those of the bond between 
C(4') of the benzoyl ring and the a-atoms. Accordingly, 
it can be concluded that the o-atom of alkyl and alkoxy 
groups working as hinges regulates the rotations of these 
groups. Possibly, the coplanar conformation allows the 
alkyl ether chain to take similar conformations to those 
of the co-chains of LTs more easily than the perpendicular 
conformation of the alkyl chain. This could explain why 
BPOs and BDOs are more effective than BPMs and BDMs 
with corresponding chain lengths for induction of anti-LT 
activity. 

4. Effects of Alkyl and Alkoxy Groups on Anti-LT 
Activity. Next we examined whether antagonists with 
chains of similar lengths to that of the co-chain exhibited 
potent anti-LT activities. For this purpose, we determined 
the probabilities of occurrence of conformations of alkyl 
and alkoxy groups as functions of their chain lengths 
relative to that of the w-chain of LTE4 (RL) by eq 7 (cf. 
Methods): A value of RL = 1 indicates an identical chain 
length to that of the co-chain at a certain conformation of 
these moieties. We took the length of the co-chain in its 
most stable conformation as a reference, because this chain 
can be assumed to take the most extended conformation 
when it binds to its receptor. In this computation, various 
conformations were generated randomly according to the 
Monte Carlo approach, taking all possible torsional angles 
of the rotatable single bonds of the antagonists into ac­
count. Some of the possible conformations of the alkyl 
ether chain are shown in Figure 5, and the results with 
BPOs are shown in Figure 6, in which binomial distribu­
tions of conformations were observed. 

To quantitate the similarities in the chain lengths of 
alkyl and alkoxy groups to that of the co-chain of LTs, we 
determined the feasibilities of these chains to take the 
same length as that of the co-chain of LTE4. We deter­
mined this feasibility by summation of the probability of 
occurrence of conformations in the range of RL of 0.80-1.2, 
shown by the shadowed area in Figure 6. This area is 
referred to as FB, and its negative logarithm was defined 
as DL according to eqs 8 and 9. A greater F, and smaller 
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Figure 6. Conformation probability (P,) of alkyl ether chains 
of BPOs as a function of their lengths relative to that of the 
ui-chain of LTE4 (RL). The number beside each distribution curve 
is the C number of the alkyl ether chain of the BPO. The shaded 
region represents the RL region between 0.8 and 1.2. 

DL are measures of closer coincidence of alkyl and alkyl 
ether chain lengths with the w-chain length: complete 
coincidence corresponds to Fe = 1.0 and DL = 0, and 10% 
coincidence corresponds to FB = 0.1 and DL = 1. Values 
of DL are summarized in Table I. The DL value of the 
alkyl group of C„ was about the same as that of the alkoxy 
group of OCn_!, indicating that the feasibilities of these 
corresponding chains to have the same length as the w-
chain are very similar. The smallest DL values were ob­
served with chains of Cg and OC7. 

We analyzed the antagonist activities of these benz-
amides in terms of DL, and obtained the significant cor­
relation shown in eq 3: 

p/so = -7.315 - 0.662DL+ 0.730/o + 1.095/BP (3) 
(±0.143) (±0.146) (±0.125) (±0.127) 

(n = 18, r = 0.955, s = 0.265) 

The negative sign of the coefficient with DL indicates that 
the antagonist activity increased as DL decreased: similar 
lengths of alkyl and alkoxy groups to that of the ai-chain 
of LTs are important for their activities. It is noteworthy 
that the coefficients with indicator variables 70 and /BP in 
eq 3 are very similar to those in eq 1. 

DL correlated with the STERIMOL parameter L in a 
parabolic manner with relatively high significance, as 
shown in eq 4, and correlation of DL with the hydrophobic 
substituent w was less. Thus, the "dynamic parameter" 

DL = 49.485 - 0.236L2 - 6.823L 
(±6.620) (±0.032) (±0.924) 

(n = 18, r = 0.886, s = 0.228) 

(4) 

DL is regarded to represent similar natures to L or ir to 
a considerable extent, but not to be identical with these 
static parameters. As the conformations of these chains 
were geometrically quite different from that of LTs, as 
shown in Figures 1 and 2, the roles of these chains in 
induction of antagonist activities cannot be understood 
with the use of L. DL could be a more useful parameter 
with flexible groups. 

Discussion 
We studied the structural characteristics of the benz-

amide type LT antagonists BPs and BDs. We found that 
the major geometric conformations of these antagonists 
are essentially the same as that of LTs: (1) the conjugated 
benzamide moiety of antagonists corresponds to the triene 

Goto et al. 

Chart HI. Chemical Structures of Nor-LTD, and YM-17690 
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COOH 
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moiety of LTs, (2) the 0(1) in the benzopyran and ben-
zodioxan rings of antagonists corresponds to the sulfur 
atom of the sulfide bond of LTs, (3) the acidic C-NH 
moiety of the tetrazole ring of antagonists corresponds to 
the peptide COOH group of LTs, and (4) the alkyl and 
alkoxy groups can take similar conformations to that of 
the oj-chain of LTs. These features can be regarded as 
important for antagonist activity. 

The present results also showed that the following 
structures of benzamide type antagonists are required for 
potent anti-LT activity: (1) a similar chain length of the 
alkyl or alkoxy group to that of the ai-chain, (2) an ether 
O(a) rather than a methylene C(a) in these chains, and 
(3) a benzopyran ring rather than a benzodioxan ring. The 
main role of the ether O(a) is to enable the C(4')-0(a) 
bond to be coplanar to the benzoyl ring. This would be 
favorable for the alkyl ether chain, rather than the alkyl 
chain, to take a similar conformation to that of the oj-chain 
of LTs. Furthermore, the benzopyran ring could induce 
the acidic C-NH moiety of the tetrazole ring to take a 
similar conformation to that of the peptide COOH of LTs. 
For this, the coplanar conformation of the tetrazole and 
benzopyran rings could be favorable, but the conforma­
tional coplanarity of the tetrazole and benzodioxan rings 
is lost. 

No moiety in BPs and BDs fitted the terminal aliphatic 
COOH chain of LTs, suggesting that the conformational 
and electronic structures of the terminal aliphatic COOH 
of LTs are decisive for their agonist activity. This pre­
diction is supported by the finding that nor-LT (SK&F-
101,132; cf. Chart III), in which the terminal aliphatic 
COOH chain is one carbon shorter than that of LTs, 
showed antagonist activity.13 In this connection, it is in­
teresting to note that the benzamide derivative YM-17690 
(cf. Chart III), showed LT-agonist activity in such a 
manner as that it shares a common binding site with LTs 
at the LT receptor(s),22,29 although its chemical structure 
including the carboxymethoxy group (OCH2COOH) in the 
aniline ring is similar to those of the benzamide antago­
nists. This would be owing to the presence of the propionic 
acid moiety (CH2CH2COOH), which has a similar struc­
tural feature to that of the terminal aliphatic COOH chain 
of LTs. Thus, compounds that possess similar structural 
and electronic properties to LTs other than those of the 
terminal aliphatic COOH chain of LTs exhibit potent 
anti-LT activities. More rigorous structural requirements 
for induction of agonist and antagonist activities will be 
reported in the subsequent paper. 

In this study, DL, derived from the distribution prob­
ability of conformations, was used as a descriptor to ex-

(29) Tomioka, K.; Yamada, T.; Teramura, K.; Terai, M.; Hidaka, 
K.; Mase, T.; Hara, H.; Murase, K. Isolated tissue and binding 
studies of YM-17690, a novel and non-analogous leukotriene 
agonist. J. Pharm. Pharmacol. 1987, 39, 819-824. 
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press the structural properties of the freely rotatable 
flexible alkyl and alkyl ether chains. For induction of 
biological activity of a flexible compound, its stable con­
formation, in which steric energy is minimal, is not always 
effective, because the stability of the active conformer is 
dependent on the conformational entropy. Thus, the 
feasibility of conformational fluctuation should be taken 
into account especially for compounds with flexible groups. 
DL is a descriptor that represents the conformational 
stability of bioactive compounds. However, in this study 
superiority of DL to the static parameters such as L was 
not demonstrated, the correlation of pi^ with DL being 
about the same as that with L. Further study is necessary 
to show the usefulness of DL as a denominator to represent 
the structure of flexible groups. 

Methods 
The inhibitory effects of BPs and BDs on LTD4-induced 

contraction of guinea pig ileum reported by Nakai et al.24 

were taken as measures of their antagonist activities. Their 
activities are summarized in Table I as p/^ values (negative 
logarithms of their concentrations for 50% inhibition). 

Quantitative structure-antagonist activity relationships 
were studied by the method of Hansen and Fujita,25"27 

using the reported values of structural parameters sum­
marized in Table I.26-28 

Molecular mechanics calculation was performed ac­
cording to the MM2PRIME program30,31 in a FACOM M760, 
at the Computer Center, University of Tokushima. The 
empirical parameters for the nitrogen atoms in pyridine 
and amide were taken from the MMP232 and MMPEP,33 re­
spectively. Molecular orbital calculations by the AMI 
method were performed with MOPAC34 in a FACOM M760 
computer. The initial arbitrary configurations were gen­
erated from their partial structures determined by X-ray 
crystallography taken from the Cambridge Structural 
Database of the Computer Center, Tokyo University. The 
most stable conformation of LTE4 was determined by 
optimizing with MM2PRIME of the conformer that showed 
the lowest van der Waals potential among conformers 
generated randomly by rotating all their single bonds. 
Molecular superimpositions on LTE4 of the antagonist in 
their stable conformations were performed by the least-
squares method. 

The conformational distribution of antagonist was an­
alyzed statistically with 104 conformations, in which the 
torsional angles of all the rotatable single bonds were 
varied randomly at 30° increments and their energies were 

(30) Allinger, N. L. Conformational analysis. 130. MM2, A hydro­
carbon force field utilizing Vi and V2 torsional terms. J. Am. 
Chem. Soc. 1977, 99, 8127-8134. 

(31) MM2PRIMK Osawa, E.; Jaime, C; Fujiyoshi, T.; Goto, H.; Imai, 
K. JCPE P015,1989; revised by present authors for FACOM 
M760. 

(32) Burkert, J.; Allinger, N. L. Molecular Mechanics; American 
Chemical Society: Washington, DC, 1982. 

(33) Wolfe, S.; Weaver, D. F.; Yang, K. MMPEP: Development and 
evaluation of peptide parameters for Allinger's MMP2(85) pro­
gramme, including calculations on crambin and insulin. Can. 
J. Chem. 1988, 66, 2687-2702. 

(34) MOPAC VBR. 5: Stewart, J. J. P. QCPE Bull. 1989, 9,10. Re­
vised as Ver. 5.01 by Hirano, T., University of Tokyo, for HI-
TAC and UNIX machine. JCPE Newsletter 1989,1,10. Re­
vised by present authors for FACOM M760. 

calculated by the method of MM2PRIME.31 When the in­
teratomic distance became less than 0.8 A in the compu­
tation, this conformation was omitted. Their thermal 
fluctuations were analyzed at an absolute temperature T 
of 3000 K by the Monte Carlo approach. The steric energy 
Ei of the ith conformation was determined, and the 
probability of occurrence of its conformation P{ was cal­
culated by eq 5 according to Boltzmann statistics:36 

Pi = expi-Ei/R'D/Z expi-EjRT) (5) 

where R is the gas constant and N (=104) is the number 
of conformational states generated. 

The distribution maps of these conformations were 
determined by plotting their probabilities as functions of 
the torsional rotation angle 0 of the C(4')-C(a) bond or 
C(4')-0(a) bond of the antagonist. In the calculation, the 
conformations of the alkyl or alkyl ether chain generated 
were assumed to be rigid ellipsoids, and their longest axis 
was taken as their principal axis. The covariance value 
X of the generated conformations was defined by eq 6: 

m 

X = E |u; - u|2 (6) 
;'=i 

where vector u; is the coordinate of the ith atom of these 
chains on orthogonal axes, vector u is the coordinate of 
the gravity center of these chains, and m is the total 
number of O and C atoms in the chain. 

The extent of coincidence of alkyl and alkyl ether chain 
lengths in the conformation generated with the u-chain 
length RL was expressed by eq 7: 

RL = X;/XLT (7) 

where XLT is the covariance value of the w-chain of LTE4 
in its most stable conformation. 

The probability of occurrence of the generated confor­
mations in the region 0.8 < RL < 1.2 was determined by 
summation of the numbers of conformations generated in 
this RL region, and this value was expressed as Fs as shown 
in eq 8: 

Fs - £P; (0.8 L RL < 1.2) (8) 
i 

For use of Ft as a denominator to represent the feasi­
bility of conformational fluctuation, we defined DL as 
shown in eq 9: 

DL = -log Fa (9) 

Namely, DL was taken as a measure of the feasibility of 
conformational fluctuation of the alkyl and alkyl ether 
chains to adopt the same length as that of the w-chain. 
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