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A 4.2-g (36-"01) quantity of thiophosgene was added dropwise 
to a stirred solution of 5.3 g (33 mmol) 6-aminoquinolin-2- 
(lH)-0nel4J5 in 100 mL of 2 N HCl while under N2. After the 
addition, the mixture was stirred for 1 h. The resulting solid was 
collected, washed with 25 mL of water, and dried to provide 4.7 
g of the intermediate isothiocyanate. 

A mixture of 4.5 g (22 mmol) of the isothiocyanate and 4.6 g 
(35 mmol) of aminoacetaldehyde diethyl acetal in 50 mL of ab- 
solute ethanol and 5.1 mL of triethylamine under N2 was heated 
to reflux for 1 h. The solvent was then removed under reduced 
pressure and the resulting solid was taken up in 40 mL of 3 N 
HCl. The aqueous solution was heated to reflux for 1 h and then 
was cooled over ice to produce a brown solid. This solid was 
recrystallized from methanol/CH2C12 (1:2) to give 3.2 g (59%) 
of the intermediate 2-thioxoimidazolyl-substituted quinolinone: 
mp >310 "C; NMR (DMSO-d6) 6 2.46-2.50 (m, 2 H), 2.90-2.95 
(m, 2 H), 3.34 (s, 1 H), 6.93 (d, 1 H), 7.04 (t, 1 H),  7.20 (t, 1 H),  
7.35 (dd, 1 H), 7.39 (s, 1 H), 10.36 (9, 1 H). 

A 3.0-g (12-mmol) quantity of the thioxoimidazolyl intermediate 
was suspended in 30 mL of 20% nitric acid and the mixture was 
gently warmed with a hot air gun. After a vigorous evolution of 
gas, the mixture was heated to 100 "C and then it was allowed 
to cool to room temperature. The reaction mixture was treated 
with 10 mL of water followed by treatment with ammonium 
hydroxide until it was basic (pH 10) and then it was cooled over 
ice. The resulting solid was collected and was recrystallized three 
times from aqueous methanol (1:3) to  provide 1.6 g (61%) of 10: 
mp 207-208 "C; NMR (CDC13) 6 2.68-2.73 (m, 2 H), 3.02-3.08 

(m, 2 H),  6.93-6.96 (m, 1 H),  7.19-7.23 (m, 4 H), 7.80 (s, 1 H),  
9.16 (s, 1 H). Anal. (Cl2Hl1N3O) C, H, N. 

Biological Studies. The in vitro determination of positive 
inotropic activity in ferret papillary muscle strips was conducted 
according to published procedures., The biochemical determi- 
nation of inhibition of crude CAMP phosphodiesterase obtained 
from canine cardiac tissue was also conducted according to 
published procedures.2 
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Two series of compounds, N-[ (ary1methoxy)phenyll sulfonamides and N-[ (ary1methoxy)naphthyll sulfonamides, 
were prepared as leukotriene D4 (LTD4) antagonists. In the phenyl series, N- [3-(2-quinolinylmethoxy)phenyl]- 
trifluoromethanesulfonamide (Wy-48,252, 16) was the most potent inhibitor of LTD4-induced bronchoconstriction 
in the guinea pig. With an intragastric ID50 of 0.1 mg/kg (2-h pretreatment), 16 was 300 times more potent than 
LY-171,883. Compound 16 also intragastrically inhibited ovalbumin-induced bronchoconstriction in the guinea pig 
with an ID,, of 0.6 mg/kg. In vitro against LTD4-induced contraction of isolated guinea pig trachea pretreated 
with indomethacin and L-cysteine, 16 produced a pK8 value of 7.7. In the rat PMN assay 16 inhibited both 
5-lipoxygenase and cyclooxygenase (ICw's = 4.6 and 3,3 @MI. In the naphthyl series, N-[  7-(2-quinolinylmeth- 
oxy)-2-naphthyl] trifluoromethanesulfonamide (Wy-48,090,47) in addition to potent LTD4 antagonist activity (on 
isolated guinea pig trachea 47 had a pK, value of 7.04) also had antiinflammatory activity (63% inhibition at  50 
mg/kg in the rat carrageenan paw edema assay and 34% inhibition of TPA-induced inflammation a t  1 mg/ear in 
the mouse ear edema model). Perhaps the antiinflammatory activity of 47 was due to its additional activity of inhibiting 
both 5-lipoxygenase and cyclooxygenase enzymes (ICb<s = 0.23 and 11.9 pM, respectively, in rat  PMN). 

The need for new approaches to asthma therapy is un- 
derscored by the rising rate of deaths with current thera- 
p ~ . ~  The elucidation of the structure of slow-reacting 
substance of anaphylaxis (SRS-A) as a mixture of pepti- 
doleukotrienes LTC4, LTD4, and LTE, has led to a new 
model of a ~ t h m a . ~  In this model peptidoleukotrienes are 
proposed as the major mediators of an asthma attack: and 
current evidence points to the LTD, receptor as the 
pharmacologically relevant peptidoleukotriene receptor 
with respect to a ~ t h m a . ~  This suggests that a LTDl re- 
ceptor antagonist may be effective in asthma. Indeed, 
early reports indicate that the LTDl receptor antagonist 
LY-171,883 may have clinical efficacy in antigen-induced 
asthma.6 

* To whom correspondence should be addressed. 
Present address: Smith-Kline & French Laboratories, P.O. 

Box 1539, King of Prussia, P A  19406. 

Numerous research groups have synthesized LTD, an- 
tagonists by substantial modification of the right-hand 

(1) Presented in part at the 194th National Meeting of the Am- 
erican Chemical Society, New Orleans, LA, Sept 1987; MEDI 
62. 

(2) (a) Sly, R. M. Ann. Allergy 1986,56, 207. (b) Benatar, S. R. 
N. Engl. J.  Med. 1986,314,423. (c) Burney, P. G. Lancet 1986, 
323. (d) Sears, M. R.; Rea, H. H.; Rothwell, R. P.; O'Donnell, 
T. V.; Holst, P. E.; Gillies, A. J.; Bealehole, R. Br. Med. J.  1986, 
293, 1342. 

(3) For recent reviews of this model, see: Drazen, J. M. Chest 
1986, 89, 414. 

(4) A competing model proposed platelet-activating factor (PAF) 
rather than peptidoleukotrienes is responsible for the patho- 
genesis of asthma. Only clinical trials of both PAF and LTDl 
antagonists in asthma will resolve this controversy. For a 
recent review, see: Page, C. P.; Morley, J. Pharmucol. Res. 
Commun. 1986, 18, Suppl., 217. 

( 5 )  Samuelsson, B. Science (Washington, D.C.) 1983, 220, 568. 

0022-2623/89/l832-l176$01.50/0 Q 1989 American Chemical Society 



Leukotriene D4 Antagonists of Novel Structure Journal of Medicinal Chemistry, 1989, Vol. 32, No. 6 1177 

LTD4 

wy-45,911 Wy-46,255 

Wy-47,120 Target Structure I 

Figure 1. Structural evolution of the [ (ary1methoxy)phenyll sulfonamides. 

portion of FPL-55,712 while retaining the left-hand hy- 
droxyacetophenone moiety.’ LY-171,883 belongs to this 
initial generation. However, it is not a very potent LTD4 

OH 
I 

FPL-55,712 

H 

LY-171,883 

antagonist as indicated by its clinical dosage of 600 mg 
b.i.d.6 A second generation of antagonists is structurally 
based on peptidoleukotrienes. For example, SKF-104,353 
represents the culmination of a series of structural mod- 
ifications that started with synthetic LTD1.8 This LTD4 
antagonist is under development as an aerosol. 

LTD, receptor antagonists are beginning to emerge that 
do not fall into the previous two categories. We have 

Cloud, M.; Enas, G.; Kemp, J.; Platts-Mills, T.; Altman, L.; 
Townley, R.; Tinkelman, D.; King, T.; Middleton, E.; Scheffer, 
A.; McFadden, E. J. Allergy Clin. Zmmunol. 1987, 79, Suppl., 
256. 
Musser, J. H.; Kreft, A. F.; Lewis, A. J. Agents Actions 1986, 
18, 332. 
Gleason, J. G.; Hall, R. F.; Perchonock, K. F.; Erhard, K. F.; 
Frazee, J. S.; Ku, T. W.; Kondrad, K.; MaCarthy, M. E.; Mong, 
S.; Crooke, S. T.; Chi-Russo, G.; Wasserman, M. A.; Torphy, 
T.  J.; Muccitelli, R. M.; Hay, D. W.; Tucker, S. S.; Vickery- 
Clark, L. J .  M e d .  Chem. 1987, 30, 959. 

previously described 4-[ [3-(2-quinolinylmethoxy)- 
phenyl] hydroxyamino]-4-oxobutanoic acid methyl ester 
(Wy-45,911) as a LTD, receptor antagonist of novel 
~ t r u c t u r e . ~  Other compounds belonging to this third 
generation of novel structures include ICI-198,61510 and 
RS-411.“ In this paper we report our continuing effort 
to develop “third generation” compounds, which has cul- 
minated in the synthesis of N- [3-(2-quinolinylmethoxy)- 
phenyl] trifluoromethanesulfonamide (16, Wy-48,252), a 
LTD, antagonist 300 times more potent than LY-171,883 
as an oral inhibitor of LTD4-induced bronchoconstriction 
in the guinea pig. 

The design of our LTD, antagonists evolved from efforts 
to find an antagonist based on the 5-hydroxy-6-thio-6- 
vinylhexanoic acid portion of LTDl (Figure 1). We ini- 
tially employed a (phenylamino)-4-oxobutanoic acid group 
in the synthesis of potent LTD4 antagonists; however, this 
series of compounds produced leads [e.g., 4-[ [3-(2- 
quinolinylmethoxy) phenyl] hydroxyamino] -4-oxobutanoic 
acid methyl ester] that were positive in the Ames assay.g 
Subsequently, the (phenylamino)-4-oxobutanoic acid group 
was used in the preparation of Ames-negative compounds 
[ e.g., 4- [ [ 3- (l-methyl-2-benzimidazolyl)methoxy]phenyl]- 
amino]-4-oxobutanoic acid, methyl ester, Wy-46,2551, but 
these compounds were shown to be metabolically unsta- 
ble.12 To more closely approximate the C-5 hydroxyl 
function of LTD,, we prepared a series of phenylephrine 
derivatives; the resulting LTD4 antagonist lead, (R)-N,- 
N’-diethyl-N-[ 2-hydroxy-2- [3-(2-quinolinylmethoxy)- 
phenyllethyll-”-methylurea (Wy-47,120), was rejected for 
development because of undesired ancillary pharmacolo- 
gy.13 

Musser, J. H.; Kubrak, D. M.; Chang, J.; Lewis, A. J. J .  Med.  
Chem. 1986,29, 1429. 
Aharony, D.; Falcone, R. C.; Krell, R. D. Fed. Proc., Fed. Am. 
SOC. Erp.  Biol. 1987, 46, 691. 
Toda, M.; Nakai, H.; Kosuge, S.; Konno, M.; Arai, Y.; Miyam- 
oto, T.; Obata, T.; Katsube, N.; Kawasaki, A. In Aduances in  
Prostaglandin, Thromboxane and Leukotriene Research; 
Hayaishi, O., Yamamoto, S., Eds.; Raven Press: New York, 

Musser, J. H.; Kubrak, D. M.; Chang, J.; DiZio, S. M.; Hite, M.; 
Hand, J. M.; Lewis, A. J. J.  Med. Chem. 1987, 30, 400. 

1985; pp 307-308. 
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Scheme IIa 

" ( i )  Nitrophenol or nitrothiophenol (Z = 0, S); 2-(chloro- 
methy1)benzoheteroaryl (Y = CHCH, NCH3, S, CHN); acetone, 
cesium carbonate, reflux. (ii) hydrogen, Raney nickel, ethanol. 
(iii) (a) alkanesulfonyl chloride [R = (CH,),CH3 with n = 0-3; p -  
CeH,R' with R' = C02H, CF3, CH,; or -CH2C02CH,], triethyl- 
amine, THF, or (b) trifluoromethanesulfonic anhydride, N,N-di- 
isopropylethylamine, THF. 

We then sought an alternative isostere corresponding 
to the C-5 hydroxyl of LTD,. The sulfonamide moiety is 
recognized as a bioisostere of an alcoh01.l~ By incorpo- 
rating a sulfonamide into 4-[ [3-[ (1-methyl-2-benz- 
imidazolyl)methoxy]phenyl]amino]-4-oxobutanoic acid 
methyl ester, we came up with target structure I (Figure 
1) which served as the basis for the series of compounds 
reported herein. 
Chemistry 

The generalized synthetic pathway for the preparation 
of the compounds listed in Table I is shown in Scheme I. 
Reaction of 2-, 3-, or 4-nitrophenol with 2-(chloro- 
methyl)quinoline, 2-(chloromethyl)naphthalene, 2-(chlo- 
romethyl)benzothiazole,12 or l-methyl-2-(chloromethyl)- 
benzimidazole12 in acetone with cesium carbonate gave the 
corresponding (ary1methoxy)nitrobenzenes. The nitro 
group could be reduced by several methods: sodium di- 
thionite/ethanol; iron filings/aqueous HC1, ethanol; 
Mossey zinc/aqueous acetic acid; and stannous chloride/ 
aqueous HC1, methanol. However, catalytic reduction with 
hydrogen over platinum oxide gave the best yields of 
amine. 

The intermediate amine was reacted with an alkyl- or 
arylsulfonyl chloride in THF with an equivalent amount 
of triethylamine. This method provided compounds 1-14, 
30, and 34-37. Similarly, treatment of the appropriate 
amine in methylene chloride with trifluoromethanesulfonic 
anhydride in the presence of N,N-diisopropylethylamine 
provided compounds 15-28. The synthesis of compound 
29 used 2,2,2-trifluoroethanesulfonyl chloride. Routine 
workup of the reaction mixture included treatment with 
Claisen's alkali35 to hydrolize any bis adduct present. Bis 
adducts 7 and 8 were isolated by omitting the base 
treatment. 

Compounds 23, 24, and 33 were prepared by reacting 
2- or 3-aminothiophenol with 2-(chloromethy1)quinoline 
in DMF/NaH followed by sulfonylation as above. 

Compounds 19 and 20 were prepared from 2-chloro- 
quinoline and 2-chloropyridine, respectively, by first fusing 
with 3-nitrophenol followed by reduction and condensation 
with trifluoromethanesulfonic anhydride. Compound 25 
was obtained by trifluoromethanesulfonylation of the 
corresponding amine, which was obtained by reduction of 
the nitro derivative with ammonium formate and palla- 
dium on carbon. The nitro compound was obtained by the 
Skraup reaction of 2-(3-nitrophenoxy)aniline.15 2-(Chlo- 

(13) Musser, J. H.; Kubrak, D. M.; Bender, R. H. W.; Kreft, A. F.; 
Nielsen, S. T., Lefer, A. M.; Chang, J.; Lewis, A. J.; Hand, J. 
M. J .  Med. Chem. 1987, 30, 2087. 

(14) Thornber, C. W. Chem. SOC. Reu. 1979, 18, 564. 
(15) Jkana, K. Yakugaku Zasshi 1959, 79, 760. 

HO 

" (i) Sodium methoxide, DMF; 2-(chloromethyl)quinoline or 2- 
(chloromethy1)benzothiazole (Y = CHCH, S). (ii) (a) Alkane- 
sulfonyl chloride [R = (CH2),CH3 with n = 0, 1, or 31, triethyl- 
amine, THF, or (b) trifluoromethanesulfonic anhydride, N,N-di- 
isopropylethylamine, THF. 

romethyl)quinazoline16 was the starting material for the 
synthesis of 26 whereas the starting material for 27, 3- 
hydroxyphenethylamine, was commercially available. Base 
hydrolysis of 30 provided acid 31, which in turn was cy- 
clized via the acid chloride with aluminum trichloride to 
give ketone 32. 

Compounds 38-47 in Table I1 were prepared from the 
corresponding commercially available aminonaphthols via 
the sequence shown in Scheme 11. The sodium salt of the 
appropriate aminonaphthol was first alkylated with the 
corresponding 2-(chloromethy1)aryl compound (1 equiv of 
each, DMF, 24 h, 25 "C) which was then sulfonylated 
[R2S02C1 or (R2S02)2, triethylamine, CH2C1,] to afford the 
desired intermediates. Alkylation of 39 (NaOMe, DMF, 
MeI, 24 h, 25 "C) afforded the desired compound 40. 

Biological Results and Discussion 
Phenyl Series. As a first approximation of target 

structure I (Figure l), we decided to prepare the simple 
ethanesulfonyl derivative 1 and test it as an inhibitor of 
LTD4- and ovalbumin-induced bronchoconstriction in the 
guinea pig"J* (Table I). Intraduodenal and intragastric 
routes of administration were employed; both mimic cer- 
tain aspects of oral administration. Intraduodenally, 1 
showed activity versus LTD,; therefore, alkyl analogues 
2-14 were synthesized. Although many of these alkyl 
sulfonamides were active, an unambiguous trend was not 
apparent. Nor was there a clear lead. Therefore, the 
benzothiazole ethanesulfonyl derivative 2 and the benz- 
imidazole 1-propanesulfonyl derivative 10 were chosen for 
detailed in vivo studies (note the n values for each com- 
pound in Table I). 

Sulfonamides 2 and 10 clearly demonstrate the ability 
to inhibit LTD4- and ovalbumin-induced bronchocon- 
striction in the guinea pig; however, inhibition was highly 
~ariab1e.l~ Since the pK, for the hydroxamic acid of 
4- [ [3-(2-quinolinylmethoxy)phenyl] hydroxyamino] -&oxo- 
butanoic acid methyl ester is lower than those of the leads 
in subsequent series, we considered making analogues of 
10 in which the sulfonamide NH was more acidic. 

Armarego, W. L. F.; Smith, J. I. C. J .  Chem. SOC. C, 1966, 2, 
234. 
Lewis, A. J.; Blumenthal, A.; Dervinis, A. Agents Actions 1983, 
13, 269. 
(a) Kreft, A. F.; Klaubert, D. H.; Bell, S. C.; Pattison, T. W.; 
Yardley, J. P.; Carlson, R. P.; Hand, J. M.; Chang, J. Y.; Lewis, 
A. J. J.  Med. Chem. 1986,29,1134. (b) Hand, J. M.; Schwalm, 
S. F.; Lewis, A. J. Int. Arch. Allergy Appl. Immunol. 1986, 79, 
8. 
The in vivo variability was attributed to an absorption problem 
since an unilamellar formulation of 10 consistently inhibited 
LTD,-induced bronchoconstriction in the guinea pig. 
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Table 11. Antagonism of GP Bronchoconstriction 

no. x 
38 N 
39 N 
40 N 
41 CH 
42 N 
43 N 
44 N 
45 N 
46 N 
47 N 

- Y 
CHCH 
CHCH 
CHCH 
CHCH 
S 
CHCH 
CHCH 
CHCH 
CHCH 
CHCH 

mp, OC 
137-138 
166-168 
103-106 
187-189 
175-177 
134- 137 
133-134 
177-179 

7-CHVO 2 H CFn 169-171 
7-CH;O 2 H n-C,Hg 123-125 

% 
yield 

8 
8 

44 
1 

11 
16 
11 
12 
15 
7 

- method 
D 
D 
E 
D 
D 
D 
D 
D 
D 
D 

id (50 mg/kg) PO (50 mg/ kg) 
LTD,' OA LTD, OA 
70 70 70 % 

inhbn nc inhbn n inhbn n inhbn n 

~ ~ ~ _ _ _  

-e** 
91 
37** 
28** 
27** 
-65** 
-37** 
68" 
51** 
99 

3 
7 20 6 34** 6 24 4 
2 
2 
2 
2 
2 
2 
2 
2 86 2 9Bd 3 83 2 

' A one-way analysis of variance was performed on compounds 38-47 and their control groups. Contrasts were evaluated for comparison of each of 
the drugs with 16 (Table I) based upon each treatment's difference from its respective control mean [(**) p < 0.011. bAll compounds had elemental 
analysis (C, H, N) within 0.4% of theoretical value. cNumber of animals = n. dDrug given at 10 mg/kg. 

Several analogues20 were prepared, of which 16 was 
shown to be chemically stable and Ames negative and was 
our most potent intragastrically active LTD4 antagonist. 
Compound 16 contains a trifluoromethanesulfonamide 
group. Apparently, replacement of alkyl with trifluoro- 
methyl not only lowers the pK, of the NH but also pro- 
vides a potent LTDl antagonist (16) that is consistently 
active by intragastric administration. 

Compounds 17-28 were prepared to examine the 
structure-activity requirements of trifluoromethyl-con- 
taining compounds. Replacement of quinoline in 16 with 
isoquinoline gives the inactive compound 17, whereas re- 
placement of quinoline with benzothiazole to give 18 only 
reduces intragastric potency while retaining intraduodenal 
potency. Apparently, the quinoline-containing analogues 
are better absorbed in the gut. The quinazoline analogue 
26 is of comparable potency of 16, thus, demonstrating the 
need for a nitrogen in the 1-position. The geometry of the 
vicinal relationship to nitrogen is also important since the 
8-substituted analogue 25 is inactive. Elimination of the 
methylene in the bridge in 16 to give 19 significantly re- 
duces potency; however, substituting a sulfur for the ox- 
ygen in the bridge produces a compound (23) of equal 
potency. Consistent with our earlier findings: meta sub- 
stitution of the central phenyl ring is optimal (compare 
16 with 21, 22 and 23 with 24). Inserting an ethylene 
between the phenyl group and the nitrogen atom of 16 to 
give 27, or inserting a phenyl ring between the sulfonyl 
group and trifluoromethyl group to give 35 reduces po- 
tency. Indeed, the 3,5-bis(trifluoromethyl)benzenesulfonyl 
derivative 36 exacerbates bronchoconstriction. 

The search for additional sulfonyl moieties to bond to 
the aniline of 16 brought us back to the initial target 
structure 1. Both the ester 30 and the carboxylic acid 31 
showed LTD4 antagonist activity by the intraduodenal 
route of administration, but both were less potent than 16. 
Cyclization of 31 to give 32 produced a compound in which 
the acidity of the aniline hydrogen is enhanced by both 
the sulfonyl and the carbonyl via the phenyl ring. Al- 
though the cyclic sulfonamide 32 was more potent by in- 
traduodenal (ID) administration than either 30 or 31, it 
was inactive when tested intragastrically. Of all the com- 
pounds in Table I, compound 16 was the most promising; 
therefore, its biological profile was studied in detail. 

(20) Compound 47 was actually prepared before compound 16. 

Table 111. Potency Comparison of Antagonist Effects of LTD,- 
or OA-Induced Bronchoconstriction in the Guinea Pig 

id" igb 
LTD, OA LTD, OA 

antagonist IDmC RPd ID, RP  ID, RP ID, RP 
16 0.3 20 3 6 0.1 320 0.6 63 
47 1.4 4 0.46 41 0.25 128 6.1 6 
LY-171,883 6 1 19 1 32 1 38 1 

Antagonist administered intraduodenally 10 min before agon- 
ist. Antagonist administered intragastrically to awake animals 
120 min before agonist (95 min before anesthetic). cDose of an- 
tagonist (mg/kg) that produced a 50% inhibition of LTD, or OA- 
induced bronchoconstriction. dRP  = relative inhibitory potency 
with Wy-48,252 as reference; numbers >1 indicate enhanced po- 
bencies. 

Against LTD4-induced contraction of isolated guinea pig 
trachea pretreated with indomethacin and L-cysteine,21 16 
had a pKB value of 7.7, making it approximately 15-fold 
more potent than LY-171,883 (pKB 6.55) in the same tis- 
sue.22 In binding studies employing tritium-labeled LTD4, 
16 had a KD of 35 nM35, which compares well to the pKB 
determination. In contrast to the antagonism of LTD4- 
induced response in guinea pig treachea, 30 pM 16 was only 
marginally active against LTC4-induced contraction in the 
presence of g l ~ t a t h i o n e . ~ ~  We conclude that 16 is a se- 
lective LTD4 antagonist. 

The relative selectivity of 16 for the LTD4 receptor was 
further demonstrated by examining the effects of 16 on 
contractile responses of guinea pig tissues evoked by his- 
tamine, pilocarpine, serotonin, prostaglandin FZa,  and 
U-46;619. With these diverse contractile agonists, inhib- 
ition was not observed until concentrations of 16 exceeding 
10 pM were used.22 Comparison of these data with the PA, 
value [7.6 (95% C1 = 7.4-8.0; slope = 0.93)] for 16 at  the 
LTD4 receptor yields a selectivity for the LTD4 receptor 
in excess of 2.6 log units (300-fold). 

(21) Indomethacin was added to eliminate the TxAz component of 
LTD,-induced bronchoconstriction, and L-cysteine was added 
to inhibit metabolic conversion of LTD, to LTE,. Hand, J. M.; 
Schwalm, S. F. Prostaglandins 1987, 33, 709. 

(22) Hand, J. M.; Musser, J. H.; Kreft, A. F.; Schwalm, S.; Engel- 
bach, I.; Auen, M.; Skowronek, M.; Chang, J. Y. Pharmacolo- 
gist 1987, 29, 174. 

(23) Glutathione was added to inhibit metabolic conversion of 
LTC, to LTD,. (See reference 21). 
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In vivo, 16 was tested by the intraduodenal and intra- 
gastric routes of administration (Table 111). Against an 
intravenous LTD, challenge, a 2-h intragastric pretreat- 
ment with 16 gave an IDm of 0.1 mg/kg equivalent to that 
(0.07 mg/kg) obtained with intravenous (10-min pre- 
treatment) 16.= The potency of 16 was further emphasized 
in a comparative study where intragastric 16 was shown 
to be 300-fold more potent than similarly administered 

Against the leukotriene phase of antigen-induced bron- 
choconstriction in the anesthetized guinea pig, 16 by the 
intraduodenal route was 6.3 times more potent than 
LY-171,883, and by the intragastric route it was 63 times 
more potent than LY-171,883. Antigen administered by 
either the aerosol or intravenous routes was equally in- 
hibited by 16. 

Naphthyl Series. In a series parallel to the one that 
led to the discovery of compound 1620 the phenyl ring of 
compound 3 was replaced with a naphthyl ring to give 39 
(Table 11). Compound 39 was significantly more potent 
than 3; therefore, additional analogues were prepared. The 
structure-activity study based on 39 revealed fairly strict 
requirements for high potency. Thus, substituting a 
naphthalene or a benzothiazole ring for the quinoline ring 
in 39 afforded 41 and 42, respectively, both of which were 
weakly active. The substitution pattern on the naphtha- 
lene ring is critical. Complete loss of activity is observed 
in going from 7,2-substitution to 6,l- (43), 7,l- (38), or 5,2- 
(44) substitution. Alkylation of the nitrogen leads to 
compound 40, which was approximately half as potent as 
39. Varying the alkyl group on the sulfonamide of 39 led 
to compounds 45 and 46 of slightly reduced potency. 
However, when a trifluoromethyl group was substituted 
for the ethyl group in 39, the most potent inhibitor of 
LTD,-induced bronchoconstriction in the series, N- [7-(2- 
quinolinylmethoxy)-2-naphthyl] trifluoromethanesulfon- 
amide (47 Wy-48,090), was obtained. 

A comparison of 47 with LY-171,883 revealed the su- 
perior potency of the former (Table 111). Against 
LTD,-induced bronchoconstriction in guinea pigs, 47, by 
intragastric administration, is over 100 times more potent 
than LY-171,883. Against antigen-induced bronchocon- 
striction, however, the intragastric relative potency dif- 
ference between 47 and LY-171,883 was not as great. 
Nevertheless, by the intraduodenal route of administration 
47 is a more potent inhibitor of antigen-induced bron- 
choconstriction than either 16 or LY-171,883 (Table 111). 

Encouraged by the marked activity of 47 in acute 
bronchoconstrictive models of asthma, we also investigated 
the antiinflammatory activity of this compound because 
in chronic asthma, inflammation is believed to play a major 
role in late-phase response and airway hyperreactivity, a 
central feature of asthma.24 In both the rat carrageenan 
paw edema and mouse TPA ear edema models 47 showed 
good intragastric activity (63% inhibition at 50 mg/kg and 
34% inhibition of TPA-induced inflammation at 1 mg/ear, 
respectively).*n The antiinflammatory activity of 47 may 

LY -171,883. 

Larsen, G. L.; Wilson, M. C.; Clark, R. A.; Behrens, B. L. Fed. 
Proc., Fed. Am. SOC. Exp.  Biol. 1987, 46, 105. 
Carlson, R. P.; Datko, L. J.; Chang, J.; Nielsen, S. T.; Lewis, 
A. J. Agents Actions 1984, 14, 654. 
Oarlson, R. P.; O’Neal-Davis, L.; Chang, J.; Lewis, A. J. Agents 
Actions 1985, 17, 197. 
Results are statistically significant according to the Dunnett’s 
test (p < 0.05). For comparison, ibuprofen had an IDm = 56 
mg/kg in the rat carrageenan paw edema model and inhibited 
TPA-induced mouse ear edema by 20%. For comparison, 
BW-755c had ICso’s against 5-lipoxygenase and cyclooxygenase 
of 11 and 4 ,uM, respectively. 
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be due not only to LTD4 antagonism but also to inhibition 
of both 5-lipoxygenase and cyclooxygenase enzymes [ ICm’s 
(with 95% confidence interval) = 0.23 (0.09-0.55) and 11.9 
(9.2-15.5) pM, respectively, in rat PMN].26 

While the discovery of 47 as an extremely potent LTD4 
antagonist with potential therapeutic use against both the 
early and late phases of asthma was encouraging, the de- 
velopment of 47 and the synthesis of analogues have been 
curtailed due to its mutagenic properties. I t  exhibited a 
positive Ames test in two of five Salmonella strains.28 

Since compound 47 demonstrated significant antiin- 
flammatory activity, we examined 16 in our inflammatory 
models. In the rat PMN assay 16 inhibited both 5-lip- 
oxygenase and cyclooxygenase [IC5<s (with 95 ?& confi- 
dence interval) = 4.6 (3.7-5.7) and 3.3 (1.6-6.9) pM]. 
However, 16 demonstrated only modest intragastric ac- 
tivity in rat carrageenan paw edema assay (20% inhibition 
at 100 mg/kg) and was inactive intragastrically in the 
mouse ear edema assay. 

The fact that 16 is a LTD4 antagonist, and a 5-lip- 
oxygenase and cyclooxygenase inhibitor, has implications: 
the structure of the LTD, receptor site may have simi- 
larities with the structure of the active sites of the 5-lip- 
oxygenase and cyclooxygenase enzymes, and a bis-aryl 
pharmacophore may approximate arachidonic acid or its 
metabolites (Figure l).37 

In conclusion, research on peptide LT receptor antag- 
onists is at a stage of considerable ferment. Several peptide 
LT antagonists based on FPL-55,712 are currently un- 
dergoing clinical evaluation for the treatment of a ~ t h m a ~ ~ l  
while newer agents structurally related to peptide LTs are 
rapidly being developed.32 At an earlier stage of devel- 
opment are peptide LT antagonists of novel structure 
which are reported to possess high receptor affinity.lOJ1 
Although the therapeutic value of peptide LT antagonists 
has yet to be conclusively demonstrated, preliminary re- 
sults with LY-171,883 in the treatment of asthma are en- 
~ourag ing .~~  Since 16 is chemically stable, Ames negative, 
and significantly more potent than LY-171,883 in animal 
models, clinical trails of 16 in the treatment of asthma are 
awaited with interest. We speculate that 16 will be of value 
in ameliorating aspects of human diseases caused by en- 
dogenously released LTD,. 

Experimental Section 
Melting points were determined on a Thomas-Hoover apparatus 

and are uncorrected. Spectra were recorded for all compounds 
and were consistent with assigned structures. NMR spectra were 

(28) For a recent review of the Ames test, see: Bartsch, H.; Ma- 
laveille, c. ZSZ Atlas Sci.: Pharmacol. 1987, l. 

(29) Young, R. N.; Belanger, P.; Champion, E.; DeHaven, R. N.; 
Denis, D.; Ford-Hutchinson, A. W.; Fortin, R.; Frenette, R.; 
Gauthier, J.-Y.; Gillard, J.; Guindon, Y.; Jones, T. R.; Kaku- 
shima, M.; Masson, P.; Maycock, A.; McFarlane, C. S.; Pie- 
chuta, H.; Pong, s. s.; Rokach, J.; Williams, H. W. R.; Yoakim, 
C.; Zamboni, R. J .  Med. Chem. 1986,29, 1473. 

(30) O’Donnell, M.; Brown, D.; Cohen, N.; Weber, G. F.; Welton, 
A. F. Ann. Allergy 1985, 55, 278. 

(31) Beck, A.; Sallman, A.; Wenk, P.; Marki, F.; Bray, M. A. 6th 
International Conference on Prostaglandins and Related 
Compound 1986, Abstract 329. 

(32) Wasserman, M. A.; Torphy, T. J.; Hay, D. W. P.; Muccitelli, 
R. M.; Tucker, S. S.; Wilson, K.; Osborn, R. R.; Vickery-Clark, 
L.; Hall, F. R.; Erhard, K. F.; Gleason, J. G. 6th International 
Conference on Prostaglandins and Related Compounds 1986, 
Abstract 253. 

(33) Cloud, M.; Enas, G.; Kemp, J.; Platts-Mills; T., Altman, L.; 
Townby, R.; Tinlelman, D.; King, T.; Middleton, E.; Sheffer, 
A.; McFadden, E. J .  Allergy Clin. Zmmunol. 1987, Suppl., 
Abstract 527. 

- 
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recorded on a Varian XL-300 a t  300 MHz, a Varian XL-100 at  
100 MHz, or a Varian FT-80A a t  80 MHz. Mass spectra were 
recorded on a Kratos MS-25. IR spectra were recorded with a 
Perkin-Elmer 299 infrared spectrophotometer. Elemental analyses 
were performed with a Perkin-Elmer 240C elemental analyzer, 
and all compounds were within 0.4% of theoretical value. 

Typical Procedures  fo r  Scheme I. Method A. N-[3-[(2- 
Benzothiazolyl)methoxy]phenyl]ethanesulfonamide (2). To 
a solution of 3-[(2-benzothiazolyl)methoxy]aniline'2 (2.0 g) and 
triethylamine (0.79 g) in T H F  (50 mL) at  room temperature was 
slowly added a solution of ethanesulfonyl chloride (1.0 g) in THF. 
The reaction was stirred for 1 h. The mixture was filtered through 
a pad of Celite, and the solvent was removed in vacuo giving a 
crude oil. The crude oil was treated with Claisen's alkali34 for 
0.5 h, and the resulting solution was neutralized with aqueous 
HCl. Methylene chloride was then added. The organic phase 
was separated, washed with brine, dried over magnesium sulfate, 
and concentrated to  an oil. The oil was purified by HPLC and 
crystallized from hexane to give 1.4 g (50% yield) of product (mp 

Similarly, compounds 1 and 3-14 (Table I) were prepared by 
using the appropriate combination of the following starting 
materials or reagents: 2-(chloromethyl)benzothiazole,12 1- 
methyl-2-(chloromethyl)benzimidazole,'2 2-(chloromethyl)- 
naphthalene, 2-(chloromethyl)thiophene, or 2-(chloromethyl)- 
quinoline; 2-, 3-, or 4-nitrophenol; methane-, ethane-, 1-propane-, 
or n-butanesulfonyl chloride; or dimethylsulfamoyl chloride. 

Method B. N-[3-(2-Quinolinylmethoxy)phenyl]tri- 
fluoromethanesulfonamide (16). 3-[(2-Quinolinyl)meth- 
oxylnitrobenzene. To a three-neck IL flask, fitted with nitrogen 
inlet, thermometer, reflux condenser, and magnetic stirrer were 
charged acetone (700 mL), 3-nitrophenol (15 g, 0.108 mol), 2- 
(chloromethy1)quinoline (20 g, 0.113 mol), cesium carbonate (32 
g, 0.096 mol), and potassium iodide (0.5 9). The mixture was 
heated to reflux for 18 h. Acetone (150 mL) was added and the 
hot mixture was filtered. The filter cake was washed with acetone 
(100 mL). The combined acetone solutions were partially con- 
centrated. The slurry was filtered and the resulting solid was dried 
in vacuo, giving 29.2 g (97% yield) of product (mp 109-111 "C). 

3-[ (2-Quinolinyl)methoxy]aniline. To a 500-mL Parr hy- 
drogenation bottle were charged absolute ethanol (300 mL), 3- 
[ (2-quinolinyl)methoxy]nitrobenzene (5.6 g, 0.02 mol), and 
platinum oxide (50 mg). The mixture was hydrogenated on a Parr 
hydrogenator a t  35 psi for 0.5 h. The resulting solution was filtered 
through Celite, and the filter cake was washed with absolute 
ethanol. The filtrate was concentrated to dryness, and the viscous 
residue was triturated with ether and stirred magnetically. The 
solid was filtered off, washed with ether, and dried in vacuo to 
give 12 g (80% yield) of product (mp 95-97 "C). 

N - [  3-(2-Quinolinylmethoxy)phenyl]trifluoromethane- 
sulfonamide (16). To  a three-neck IL flask fitted with nitrogen 
inlet, low-temperature thermometer, dropping funnel with rubber 
septum, magnetic stirrer, and dry ice/actone cold bath were 
charged methylene chloride (300 mL), 3-[ (2-quinoliny1)meth- 
oxylaniline (10 g, 0.04 mol), and triethylamine (7 g, 0.07 mol). 
Trifluoromethanesulfonic anhydride (17 g, 0.06 mol) in methylene 
chloride (150 mL) was added over 1.5 h a t  -70 "C. The mixture 
was allowed to warm (2 h), and Claisen's alkali34 (100 mL) was 
added at  10 "C over 0.5 h. After stirring for 0.5 h, 0.4 M aqueous 
sodium hydroxide (300 mL) was added. The methylene chloride 
layer was separated and extracted twice with 0.4 M aqueous 
sodium hydroxide solution. The combined aqueous phases were 
washed with methylene chloride twice and filtered through Celite. 
While cooling in an ice bath the aqueous solution was acidified 
to pH 3 with concentrated HC1 and extracted with methylene 
chloride. The methylene chloride solution was washed with so- 
dium chloride solution, filtered through Celite, dried over an- 
hydrous magnesium sulfate, filtered, and concentrated to a solid. 

111-113 "C). 

Musser et al. 

(34) Claisen, L. Ann. Chem. 1919, 418, 96. To prepare Claisen's 
alkali, simply dissolve 35 g of potassium hydroxide in 25 mL 
of water with cooling and add 100 mL of methanol. 

(35) Personal communication from Dr. S. Mong, Smith-Kline & 
French Laboratories. For experimental details, see: Mong, S.; 
Miller, J.; Wu, H. L.; Crooke, S. T. J.  Pharm. Erp.  Ther. 1988, 
244, 508. 

The solid was crystallized from ethanol to give 5.1 g (33% yield) 
of product (mp 150-152 "C). 

In a similar manner, compounds 15 and 17-29 (Table I) were 
prepared by using the appropriate combination of the following 
starting materials or reagents: 3-(chloromethyl)thiophene, 3- 
(chloromethyl)isoquinoline, 2-(chloromethyl)benzothiazole,'2 
2-(chloromethyl)quinoline, 2-(chloromethyl)pyridine, 2-(chloro- 
methyl)quinazoline, or 2-(chloromethy1)naphthalene; 2-, 3-, or 
4-nitrophenol; 2- or 3-nitrothiophenol; or trifluoromethanesulfonyl 
anhydride or 2,2,2-trifluoroethanesulfonyl chloride. 

N 4 3 -  (8-Quinolinyloxy)phenyl]trifluoromethanesulfon- 
amide (25). 3-(8-Quinolinyloxy)nitrobenzene. To a mixture 
of concentrated sulfuric acid (68 g), water (28 mL), and 3-nitro- 
benzenesulfenic acid sodium salt (26 g) was added 2-(3-nitro- 
phenoxy)aniline15 (26.2 g, 0.114 mol). The mixture was heated 
to 120 "C, and glycerin (13.2 g) was added over 10 min. The 
mixture was heated at  140 "C for 4 h. The reaction mixture was 
poured into ice and neutralized with sodium bicarbonate. The 
resulting residue was separated and extracted with ethyl acetate. 
The ethyl acetate solution was washed twice with dilute sodium 
bicarbonate solution, dried over magnesium sulfate, heated with 
charcoal, filtered through Celite, and concentrated to a solid. The 
solid was purified by HPLC using ethyl acetate/hexane as an 
eluent. The first fractions were combined to recover 5.3 g (20% 
yield) of 2-(3-nitrophenoxy)aniline, and the later fractions were 
combined to give 7.9 g (26% yield) of product (mp 115-116 "C). 
3-(8-Quinolinyloxy)aniline. To a solution of 3-(8- 

quinoliny1oxy)nitrobenzene (5.4 g, 0.02 mol) in methanol (100 mL) 
were added ammonium formate (7.0 g, 0.11 mol) and 9% palla- 
dium on carbon (1.5 9). The mixture was stirred for 0.5 h and 
then poured into ethyl acetate/water. The mixture was filtered 
through Celite. The organic layer was separated, washed with 
sodium bicarbonate, dried over magnesium sulfate, filtered 
through Celite, and concentrated to a solid. The solid was 
crystallized from ethyl acetate/pentane to give 2.14 g (50% yield) 
of product (mp 100-103 "C). 
N-[3-(8-Quinolinyloxy)phenyl]trifluoromethanesulfon- 

amide (25). Starting with 3-(8-quinolinyloxy)aniline, the title 
compound was prepared by the sulfonyltion method used in the 
preparation of compound 16. 

N - [  2-[3-(2-Quinolinylmethoxy)phenyl]ethyl]trifluoro- 
methanesulfonamide (27). N-[2-(3-Methoxyphenyl)ethyl]- 
trifluoromethanesulfonamide. To a slurry of (3-methoxy- 
pheny1)ethylamine hydrochloride (14 g, 0.075 M) in a solution 
of triethylamine (15 g, 0.15 mol) and methylene chloride (200 mL) 
cooled to -40 "C was added a solution of trifluoromethanesulfonic 
anhydride (21.2 g, 0.075 mol) in methylene chloride (100 mL). 
The reaction was allowed to warm to room temperature and then 
concentrated. To the residue was added Claisen's alkali% (50 mL), 
and the resulting mixture was stirred for 3 h a t  room temperature. 
The resulting solution was poured into water, washed with 
methylene chloride, and filtered through Celite. The aqueous 
solution was acidified to pH 3 with concentrated HCl and ex- 
tracted with methylene chloride. The organic extract was washed 
with water, dried with anhydrous magnesium sulfate, and con- 
centrated in vacuo to give the product (12.5 g, 59% yield) as an 
oil: MS (CI) 284 (M + H); IR (film) 3300 (NH st), 2950 (CH st), 
2840 (OCH2 st), 1600 (C=C st), 1480 (C=C st), 1430 (CH2 def), 
1370 (SO2 st), 1260 (PhO-C st), 1225, 1190, and 1140 (CF3S02), 
1065 (PhO), 780 (PhH def) cm-'. 
N-[2-(3-Hydroxyphenyl)ethyl]trifluoromethanesulfon- 

amide. To  a solution of N-[2-(3-methoxyphenyl)ethyl]tri- 
fluoromethanesulfonamide (12.5 g, 0.044 mol) in methylene 
chloride (150 mL) cooled to -40 "C was added a solution of boron 
tribromide in methylene chloride (90 mL, 0.09 mol). The reaction 
was allowed to warm to room temperature and was concentrated. 
The resulting residue was rapidly diluted with methanol (500 mL). 
The solution was concentrated in vacuo to give the product (11.8 
g, 100% yield) as an oil: MS (CI) 270 (M + H); IR (film) 3300 

st), 1225, 1190, and 1140 (CF3S02), 780 (PhH def) em-'. 
N-[2-[ 3-(2-Quinolinylmethoxy)phenyl]ethyl]trifluoro- 

methanesulfonamide (27). To a solution of [2-(3-hydroxy- 
phenyl)ethyl]trifluoromethanesulfonamide (1 1.8 g, 0.044 mol) and 
2-(chloromethyl)quinoline (8.0 g, 0.044 mol) in acetone (300 mL) 
was added cesium carbonate (14.5 g, 0.044 mol) and potassium 

(NH st), 3200 (OH st), 1590 (C=C st), 1480 (C=C st), 1365 (SO2 
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carbonate ( L O  9). The slurry was refluxed for 20 h. The mixture 
was poured into water, acidified to  pH 3 with concentrated HC1, 
and extracted with ethyl acetate. The organic extract was washed 
with water, dried with magnesium sulfate, and concentrated to 
an oil. The oil was purified by HPLC using ethyl acetate/hexane 
as an eluent. The resulting oil was crystallized from ethyl ace- 
tate/pentane to give 2.4 g (13% yield) of product (mp 115-116 

6.5-8.0 (m, 10 H), 9.3 (s, 1 H). 
Method C. [[[3-(2-Quinolinylmethoxy)phenyl]amino]- 

sulfonyl]acetic Acid Methyl  Es te r  (30). To a solution of 
3-[(2-quinolinyl)methoxy]aniline (11 g, 0.044 mol) and triethyl- 
amine (4.5 g, 0.044 mol) in methylene chloride (200 mL) was added 
a solution of methyl chlorosulfonylacetate (7.6 g, 0.044 mol) in 
methylene chloride (50 mL). After being stirred for 2 h at  room 
temperature, the mixture was washed with water, dried over 
anhydrous magnesium sulfate, and concentrated to an oil. The 
oil was purified by HPLC with ethyl acetate/hexane as an eluent. 
The  resulting oil was crystallized from ether to give 6.5 g (37% 
yield) of product (mp 120-122 "C). 

[[ [ 3-(2-Quinolinylmethoxy)phenyl]amino]sulfo~yl]acetic 
Acid (31). A suspension of 30 (11.8 g, 0.03 mol) in aqueous sodium 
hydroxide (10 g/250 mL of water) was stirred for 2.5 h a t  room 
temperature. To the resulting clear solution was added concen- 
trated HCI to give a precipitate. The precipitate was filtered and 
crystallized from ethanol to give 8.5 g (76% yield) of product (mp 
180-183 "c). 
7-(2-Quinolinylmethoxy)-lH-2,1-benzothiazin-4(3H)-one 

2,2-Dioxide (32). Polyphosphoric acid (220 mL) was heated to 
130 "C, and 31 (5.5 g, 0.015 mol) was added slowly. The reaction 
was maintained at 130 "C for 0.5 h and poured into 3 L of distilled 
water. After standing overnight, the precipitate was filtered and 
dissolved in aqueous sodium bicarbonate. The solution was 
treated with charcoal, filtered, and acidified to pH 5.5 with 
concentrated HCl. The resulting precipitate was filtered and 
crystallized from acetonitrile to give 1 g (19% yield) of product 
(mp 212-215 'C). 

Typical  Procedures  for  Scheme 11. Method D. [7-(2- 
Quinolinylmethoxy)-2-naphthyl]amine. To a solution of 
7-aminonaphthol hydrochloride (40.0 g, 0.21 mol) in methanol 
(250 mL) under N2 was added sodium methoxide (22.2 g, 0.41 mol). 
After 1 h the solvent was evaporated and DMF (500 mL) was 
added. The mixture was cooled to  10 "C, and a solution of 
2-(chloromethyl)quinoline (36.3 g, 0.20 mol) in DMF (200 mL) 
was added dropwise over 30 min. The reaction was allowed to 
warm to 25 "C and stirring continued for 24 h. The solvent was 
evaporated and the residue was washed with water. The residue 
was dried and crystallized from toluene to give 31.1 g (62% yield) 
of product (mp 163-165 "C). 

Compounds 38,39, and 41-46 were prepared by sulfonylation 
of the appropriate amine intermediate according to method A 
and compound 47 was prepared according to method B. 

Method E. N-Methyl-N-[7-(2-quinolinylmethoxy)- 
naphthyl]-2-ethanesulfonamide (40). To a solution of 39 (2.0 
g, 5.1 mmol) in methanol (20 mL) was added sodium methoxide 
(0.32 g, 6.0 mmol) as a methanolic solution. After removal of the 
solvent, the residue was dissolved in DMF (50 mL) and methyl 
iodide (0.81 g, 5.7 mmol) was added. The reaction was then stirred 
for 24 h. The solvent was removed and the residue was partitioned 
between water and methylene chloride. The organic extract was 
separated, dried over magnesium sulfate, and evaporated to a solid. 
The solid was crystallized from toluene to give 0.9 g (44% yield) 
of product (mp 103-106 "C). 

Biological Test Procedures .  R a t  P M N  5-Lipoxygenase, 
Cyclooxygenase, a n d  Guinea Pig Bronchospasm. Experi- 
mental data for the rat PMN 5-lipoxygenase and the guinea pig 

"C). NMR (DMSO-&) 6 2.8 (t, 2 H), 3.7 (t, 2 H), 5.0 (s, 2 H), 

Journal of Medicinal Chemistry, 1989, Vol. 32, No. 6 1183 

LTD4- and ovalbumin-induced bronchospasm models are provided 
in references 9, 17, 18, and 36. 

Contractile Responses in the Isolated Guinea Pig Trachea. 
Experimental details for the contractile responses in the isolated 
guinea pig trachea are provided in references 13 and 18. 
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