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Abstract: Replacement of the quinoline pharmacophore of verlukast by alkylthiazoles and benzothiazoles has
lead to the discovery of a new serics of potent und orally active LTDy receptor antagonists. The synthesis and
structure activity relationships of this series of compounds are described.

Peptidoleukotrienes (LTC,, LTD,, LTE,) have been implicated in the pathology of bronchial asthma.
However, the precise role of leukotrienes became well defined only with the availability of a number of potent
and orally active leukotricne Dy receptor antagonists for clinical evaluation. Clinical studies with verlukast (1)
(MK-0679)" as well as other potent LTD, antagonists such as 1C1-204.219.° SK&F-104,353," ONO-1078," and
R-12525° have shown that LTD, receptor antagonists can inhibit antigen- and  exercise-induced
bronchoconstriction in asthmatics, block airway obstruction induced by aspirin in aspirin-intolerant asthmatics;
induce bronchodilatation, improve FEV, and symptom scores, and reduce B-agonist usage in patients with
moderate, stable asthma.'™ Selective and potent antagonists of the peptidoleukotrienes thus appear Lo represent an

effective new class of therapeutic agents for the treatment of asthma.
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The demonstration of effectiveness of verlukast in the treatment of asthmatic patents has prompted us to look
for more potent and structurally different anatogs. Further elaboration of the verlukast structure has lead to the
identification of L-699,392 (2).° L-695.499 (3)" and montelukast (4) (MK-0476)." In montelukast, several
potential sites of metabolism of verlukast have been replaced. For example, the thiopropionic acid was replaced
by the thiomethylcyclopropancacetic acid and the amide by a tertiary benzyl alcohol. These modifications
conferred both greater metabolic stability and higher intrinsic potency. The styryl double bond, which was
considered (o be a potential liability due 1o the extended chromophore. had also been stadied extensively.
However, none of the aliernatives investigated was tound o be superior.” Attempts Lo replace the quinoling
moiety of verlukast with other heterocycles have met with tittle suceess in the past. However, with the recent
optimization of the two polar chains as exemplified hy montelukast. it was found possible to replace the
quinoline with other nitrogen containing heterocycles without loss of activity. Herein, we report the development
of two series of thiazole and benzothiazole analogs (5 and 6) of montelukast which Jead to the identification of
L-708,734 (6¢) as an optimally potent and orallv active leukotriene Dy receptor antagonist.

Chemistry: The general syntheses of both the thiazole and henzothiazole benzylalcohols 5 and 6 are outlined in
Schemes 1 and 2. Both involve. as the key step. the coupling of the corresponding 2-thiazolo- or 2-
benzothiazolomethylene triphenylphosphoranes 12 and 14 with the aldehyde 26. Various substituted 2-
thiazolomethylene triphenylphosphorane were prepared from ethanone 7 (Scheme 1), Bromination of 7 with
cither bromine in methanol (for aliphatic ketones) or pyridinium bromide perbromide in acetic acid (for aryl
ketones) gave the o-bromoketone 8. Reaction of bromoketlone 8 with 2-henzoyloxythivacetamide 9 in pyridine9
gave thiazole 10, Hydrolvsis of the benzoate 10 followed by treatment of the resulting alcohol with thionyl
chloride resulted in chioride 11, Treatment of chloride 11 with triphenylphosphine in acetonitrile  gave the
corresponding  phosphonium  salt which when treated  with s-butyllithium  afforded the phosphorane 12
Condensation of 12 with 26, followed by saponification viclded compound 8. Similarly, various substituted 2-
methylbenzothiazoles were brominated with N-bromosuccinimide in CCly in the presence of two 500 W flood
lamps. The resulting bromide was converted o the phosphorane 14 which was then condensed with 26 to give,
after saponification, compound 6 (Scheme 2).

The aldehyde 26 was prepared [rom diethvt 1.1-cyclopropane dicarboxylate 15 and isophthaldehyde 200 (Scheme
3). Reduction of the diester 15 with diborane in THF [ollowed by treatment of the resulting alcohol with thionyl
chloride gave the cyclic sulfite 16. Sodium cvanide opening of the cyelic sulfite gave the cyane alcohol 17. The
alcohol was converted (o the corresponding mesylate which was then displaced by potassium thioacetate to give
the nitrile thivacetate 18. Acid hydrolysis of hoth the nitrile and the thivacetate in methanol gave the thiol-ester
19. Isophthaldehyde 20 was selecuvely reduced 1o the monoalcohol with sodium borohydride which was then

protected as a tetrahydropyranyl ether 21, Vinyl Grignard addition w aldehyde 21 gave the allylic alcohol 22



Non-quinoline LTD, receptor antagonists 1617

Scheme 1

b

.
S | |N R
R . 9 c.d N
Y\Hz a R . R"’I s*/ocoph > |
b 5 Cl
o] R S

7 Os 10

OH 1
le,f

() Bra, NaOH or pyridineeHBry HOAC (b) EGOIL A; (¢) NaOH, 1O () SOCTs, A; (¢) PhaP, CH:ON, A; (1) n-BulLi, THF,
-78°C; (2) 26; (h) NaOIl, EtOH

Scheme 2

I~ R de R
N a.b.c N =t
| ————» I
R° 3)\ R® S& P(Ph), =N S
13 14

() NBSCAIBN. hvs (b Phil’, CHRON, AL o n=Bulac THE 78 Cid) 26: (¢) NaOFL Bl

Scheme 3
X r % ( W = )
EtO,C CO,Et MeC(O)S HS CO,Me
15 n 17 18 19

HC CHO CHO =
oh THPC ~ THPO : THPO
. i
—_— —_— e
20

() BHaoTHE, THE, AL 6 by (b SOCL, CHLCL 00 NaCONL DML 90 CL 30 () MsCL EGN: () KSCOCTT: () 11,80,
MeOH. A, 20 h; (g) NaB3l,. EOH. 0 ~Co (i DU, CHSCE: (1) Cl=CHMeBre PhCH, 0 7C () 2-BriPhCO3Me, PA{OAC),,
LACL TAOACo2HO. n-BuyN'CH DML, 100 7C (kg THIS. 45 ¢t MeMeCl CeCL THE, -5 700 (my MsCL (-prsEeN,
CHZON-DMYE, 42 °Coany KOGBu, 190000 PPTS, McOLL 55 (L 3 i (P MuO- EOAC 50 °C



1618 C. K. LAU et al.

which was then coupled to methyl 2-bromobenzoate in the presence of  Pd(OAc): to afford ketoester 23. The
ketone moiety of compound 23 was enantioselectively reduced with tetrahydro-1-methyl-3,3-diphenyl- 1H,3H-
pyrolo[1,2-¢][1,3,2]oxazoborole-borane adduct ' to the corresponding (S)-hydroxybenzoate which was then
treated with excess methyl Grignard to give the diol 24. The secondary alcohol was selectively mesylated and
reacted with the potassium salt of the thioester 19 giving the thioether 25 with the (R) configuration. Treatment
of 25 with pyridinium p-toluenesulfonate (PPTS) in methanol followed by oxidation of the resulting alcohol with
manganese dioxide gave the key intermediate aldehyde 26."

Results and discussions: The in virro LTD, binding affinitics for compounds 5 and 6 were determined using
guinea-pig lung membrane'” and the results are summarized in Tables 1 and 2 respectively. The unsubstituted
thiazole (5a) is much less potent (ICs, = 381 nM ) than verlukast ( ICsy = 3.9 nM), the standard for our
comparison (Table 1). In general, thiazoles substituted with a small alkyl or cycloalkyl group at the 4 position of
the thiazole ring (5b-5i) are more potent than the corresponding 4-aryl substituted analogs. Among the aliphatic
alkyl substituents, the @-triffuoroisobutyl derivative (Se) is the most potent, whereas the targer phenylthiomethyl
substituted compound (5d) sutfers significant loss of potency. The 4-cyclobutyl substituted analog (5g) is
optimal among the cycloalkyl substituents, and 5S¢ and Sg are more potent than verlukast in vitro. Disubstituted
thiazoles like 5j and 5k are less potent than the corresponding monosubstituted analog (5b). Replacing the Cl of
5j by CH: (3k) lead to a surprising increase of 15-fold in potency. However, the cyclohexylthiazole (31) and
cyclopentylthiazole (Sm) are as potent as verlukast. The 4-(4-fluorophenyljthiazole (5q) is the most potent
analog among the 4-aryl substiluted thiazoles. However, there scems o be no correlation of activity with
electronic effect of various substituents on the aryl ring. In contrast, the electronic effect of substituents on the
fused benzene ring scems to play a significant role in the binding alfinity of the benzothiazole series. The most
electron deficient 5,6-difluorobenzothiazole (6d) is the most potent compound 7n virre in this series with an ICsg
= (.8 nM us 3.9 nM for verlukast.

Even though both the thiazole series and the benzothiazole series have compounds that are more potent
than verlukast with ICsy < 1 nM in vitro, compounds in the benzothiazole series are generally superior in vivo.
As a class, they have better hioavailability and pharmacokinetics, with slower clearance in general . The 5-fluoro-
henzothiazole (6¢) represents the compound with the hest overall profile among the two series. Table 3 shows
that compound 6¢ (L-708,734) has an in vitrro and in vivo profile similar to or better than verlukast and superior
to 5b, a representative compound of the thiazole series. AL 0.03 mg/kg p.o. (4 h pretreatment), compound 6¢
inhibits 73 % of the changes in airway resistance (Ry) and 100% of the reduction in dynamic compliance (Cay)
induced by inhalation of LTD,in the concious squirrel monkey.'"  In conclusion, we have demonstrated that
alkylthiazoles and benzothiazoles are effective heterocycle replacements for the quinoline function in LTDy
antagonists such as montelukast. L-708.734 (6¢), in particular is potent and orally effective in blocking LTD,-

induced bronchoconstriction in the squirrel monkey.
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Table 1.
- compd. # Rr! R2 IC5y (nM)3
5a H H 381
Sh CH(CHa)» H 19+ 14
S¢ CH(CHa}(CH2CF3) H 0.7, 1.0
5d CH,SCgHg H 422
Se C{CH2)3 H 20,33
5t c-propyl H 1.7,33
5 Sy c-butyl H 0.6, 0.5
5h c-pentyl H 1.4,0.8
Si c-hexyl H 211 1.0
5j CH(CHa)y Cl 170, 197
Sk CH(CHa)p CHn 12.8,5.2
5l -(CHp)4- 1.5+ 04
-(CHp)a- 3.0,4.6
So CeHs H 11.0,6.7
5p 4-Cl-(CqHs) H 79.3,99.7
3q 4-F-(CyHs) H 6.7,15.4
Sr 4-OCHz-(CyHg) H 98.7, 138
verlukast 39+ 1.1
Table 2. compd. # gl R2 IC5y (nM)3
6a H H 16.8 + 14.3
6b Cl H 7.7, 6.0
6¢ K H 33+ 37
6d F F 08% 0.3
e CF, H 75,116
of H OCHy  47.6
Table 3
Compound ICs0) (nM) pKP Squirrel Monkeyt Liver wt.d  pPEId
5b 19214 91201 Ry =40%  Capu=-8% @003 meket +9% +62
6¢ (L-708,734) 33=x37 88202 Ry =73%  Cyyp=100% @ 0m me/kee  + 12% +120
verlukast 39=x1.1 ®.9 R, =59%  Cgyn=156% @ (0.1 mg/ke 0% + 65

a. Inhibition of [H*]-[.TD, binding on guinea-pig lung membrancs. Values are cither individual determinations or mean +
S.EMM; b. Inhibition of LTD4-induced contraction of guinea-pig tracheal chains expressed as pKs, values; ¢. Inhibition of
LTD.-induced broncoconstriction in conscious squirrel monkey; d. Average of 4 male and 4 female mice percentage liver
weight increase and peroxisomal enzyme induction (PEI) over control animals, after 4 days dosing at 400 mg/kg p.o. The fatty
ucyl Co-A oxidase activity increase is used as a measure of the PEL ¢, Average of 2 monkeys.
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