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Summary 45,25 AR* 25 45 ,2R9) . Aryl- and heteroarylacetic
acid derivatives that exhibit analgesic and non-steroidal anti-
A group of 2-methyl-2-[1-(3-benzoyl-4-substituted-1,4-dihy- inflammatory (NSAID) activities possess several common
dropyridyl)Jacetic acid methyl esterd(weak acetic acid§), and ~ Structural features. These include, (a) a carboxyl group or its
acetamides9) were designed for evaluation as less acidic non-ulequivalent (ester, amide) separated by one carbon atom from
cerogenic non-steroidal antiinflammatory drugs (NSAIDs). In thisa flat aromatic nucleus, and (b) one or more large lipophilic
respect, the model compound 2-methyl-2-[1-(3-benzoyl-4groups attached to the aromatic nucleus that is two, three, or
phenyl-1,4-dihydropyridyl)]Jacetic acidd§), unlike traditional  four carbon or heteratoms removed from the point of attach-
arylacetic acid NSAIDs, was shown to be a weak acid witkaa p ment of the acetic acid side ch&lnThe observation that the
of 9.17. In contrast to arylacetic acid NSAIDs, thenethylacetic  gcetic acid derivatived) bear some structural similarity to
acid sodium salt 08a, or the methybi-methylacetate estev4) the NSAID ketoprofenE{)[e’], and that the non-ulcerogenic
did not inhibit cyclooxygenase-1 (COX-1) or -2 (COX{B)Vitro  aptjinflammatory indan-1-acetic aci®)(induces minimal
stability studies showed that the metuyjneth)_/laceta_te e_ste‘x‘z(t) gastric irritatiorﬁia, prompted us to investigate the pharma-
acts as a prodrug to themethylacetic acid derivative8®),  cological action(s) exhibited by this novel class of com-
.”nd%rg‘?'”g r_arﬁnd (<I10 [notes) atr)wd quan_tu:]atlvcle_ conr\]/ersmn UP%¥ounds1. We now describe the synthesis and pharmaco-
Pt ple o Tl o TR0 vaaton of 2-meity 2 11 benzov & s
12 . ‘ Y tuted-1,4-dihydropyridyl)]acetic acids esters, acetic acids and

negligible (< 2%) conversion to thkemethylacetic acid derivative . : Y .
(8a) upon incubation with either rat plasma, or rat liver homogenf-’s‘ce'["jlmldes of general formutavherein the Resubstituent

ate, for incubation times up to 24 h. The effect of af2a@-sub- is H, Cl or Me, the é'SUbSt',tuent '_S aryl, arylalkyl, alkyl or
stituted-benzoyl substituent{R H, CI, Me), a C-4 substjtuent{R ~ cycloalkyl, and the Rsubstituent is OMe, OH or NHsee
= aryl, benzyl, cyclohexyl, alkyl), and the nature of tHeadetic ~ Structures in Figure 1).

acid moiety [methyl ester a?z OMe), acetic acid (ﬁ: OH),

acetamide (ﬁ: NH2)] on analgesic activity was determined using

the 4% NaCl-induced abdominal constriction (writhing) assay en_ " o R R M ?
Compound¥-9inhibited writhing 27—95% relative to the refer- f’j—g—m C—Ph f‘rj—z':—O—rv
ence drug aspirin (58% inhibition). The analgesic potency witt % M*;’:@j N

respect to theara-benzoyl substituent was H > Cl or Me. Al- #,LH\ o N e,
though the effect of the C-4°Rubstituent on analgesic activity ¥ E_R ve s CHaCOM W& (ICI)_R

was variable within the ester, acid and amide sub-groups of cor 1a R = oM ) s 4
pounds, compounds having gréyclohexyl substituent generally 1§ 7 ona

provided superior analgesic activity relative to those having i 1c. R= N+

lipophilic alkyl substituent. The nature of th& Bubstituent (OMe, i )
OH, NHp) was a determinant of analgesic activity where the 9ure 1. Structures of 2-methyl-2-[1-(3-benzoyl-4-phenyl-1,4-dihy-
potency order was acetic acid methyl ester > acetic acid GFoPyridyDlacetic acid methyl estetd), acetic acid sodium saltlf) and
acetamide, except when the C-4gRibstituent was cyclohexyl or 26tamide19), ketoprofen ), 5,6-dimethoxyindan-1-acetic acid){and
benzyl where the potency order was acetamide > acetic acid metlgzé'( eméla- 2_'[01,-6'3'benzqyl"l'-st.jﬁsggu_teg:’4-d(;hydmpyr'§y;)]a§e_t'§SC'd es
ester or acetic acid. Reduction of the 5,6-olefinic bond of the S 6, R"= OMe), acetic acidsi( R" = OH) and acetamides, ®” = NHy).
1,4-dihydropyridyl compound9g, 94% inhibition) to the corre- .

sponding 1,2,3,4-tetrahydropyidyl derivatii®(69% inhibition) ~ Chemistry

reduced analgesic activity. The methyl 2-methyl-2-[1-(3-benzoyl-4-substituted-1,4-
dihydropyridyl)]acetates7@—9 were synthesized using the
procedures illustrated in Scheme 1. Thus, reaction of the
3-benzoylpyridine compounds( Rt = H, CI, Me) with
racemic methyl 2-bromopropionate in acetone at reflux tem-
In an earlier study, we described the synthesis and charperature afforded the corresponding pyridinium bromide salt
terization of 2-methyl-2-[1-(3-benzoyl-4-phenyl-1,4-dihy-(6). The subsequent regiospecific copper-catalyzed reac-
dropyridyl)]acetic acid methyl estetd), acetic acid sodium tion® of a Grignard reagent RIgCl; RZ = Ph, 4-Cl-GHg-,
salt (Lb), and acetamidel€) diastereomers &,2R*; 4-Me-GgHys-, cyclohexyl, PhCH, n-Bu, i-Bu, n-hexyl,

Introduction
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n-tetradecyl) with the pyridinium sal6) yielded the corre- Results and Discussion
sponding methyl acetate estéa{0 in 14-91% yields. No

product arising from reaction of the benzoyl substituent of therhe 1 4-dihydropyridyl ring system present in 2-methyl-2-
pyridinium salt 6) with the Grignard reagent was observed1-(3-benzoyl-4-aryl (cycloalkyl, arylalkyl or alkyl)-1,4-di-
This is attributed to the fact that pyridinium salts are sSRydropyridyl)]acetic acid analogs7i{9 possesses
reactive to Grignard reagents in the presence of cuprattnformational and steric properties that are significantly
iodide that selective reaction at C-4 of the pyridinium satiifferent from those present in traditional benzoylarylacetic
takes place even when a reactive substituent, such as a ketanigls (NSAIDs) such as ketoprofeB).(Accordingly, the
is present at CI%. The presence of an electron-withdrawingl,4-dihydropyridyl ring system is more puckered than the
3-benzoyl group, that is conjugated with the enamine moietjianar aryl(heteroaryl) ring system due to distortion at the
stabilizes the 1,4-dihydropyridyl ring system which prevents4-dihydropyridyl N-1 and C-4 positions (see Figure 2).
aromatizatiof). Theoretical ab initio STO-3G calculations for 4-phenyl-3,5-
o dicarboxy-1,4-dihydropyridine showed that a 1,4-dihydro-
~ EOR i @JO—R' pyridine boat-conformation is more favored relative to a
Q - g planar ring conformation, that ring distortion is greater at C-4
s N than at N-1, and that a pseudo-axial orientation of the C-4
phenyl moiety is unequivocally favoléd.. These confor-
mational differences, together with steric and physicochemi-

1“” cal effects due to the 1,4-dihydropyridyl N-1, C-3 and C-4
R ? e 0 N 0 substituents, are expected to change the overall size of the
fﬁ%‘QR;& f‘ﬁ’c "o [T R molecule, tissue biodistribution and potential mechanism of
N i N action of compoundg-9,
Mé:f’CH\(":—OH e \ﬁ—DMe e GNH: 2
8 7 9 ‘T? 1
Scheme 1Reagents and conditions: (a) racemic BrCH(Me)@@ acetone, R3—c—(§:H— s 5 4 H 7, R®= OMe
reflux, 8 h; (b) 0.1 equiv. Cul, THF,ZRIgCl, =23 °C, 0.5 h; (c) aqueous Me — 8 R®=0OH
NaOH, EtOH-HO, 25 °C, 2 h; (d) N&l MeOH, 25 °C, 48 h. D 9 R® = NHp

The methyl acetate este{09, which contain two asym- ,
Figure 2.Boat-shaped structure for 2-methyl-2-[1-(3-benzoyl-4-substituted-

metric Car.bons at. t.he dlhqupy”dyl CT4 ananethyl ace-. 1,4-dihydropyridyl)]acetic acid methyl ester),( acetic acids ) and
tate methine positions exist as a mixture of four dia-acetamidesq).

stereomersSS SR RS RR. ThelH NMR spectra of the
methyl acetate derivative§d—9 exhibit dual resonances
(approximate ratio of about 1:1) for some of the dihydrq—r
pyridyl ring and ester Me protons, as reported previod%]y

There are two contributing factors responsible for the gas-
ointestinal ulcerogenicity and hemorrhage resulting from

. ! ; NSAID therapy. These include local irritation of the gastric
Hydrolysis of the methyl acetates (nixture of four dias- 1, ,0455 due to drug acidity, and inhibition of Prostaglandin

tereomers) with aqueous sodium hydrqxidel at 25 °C fort\ﬁ@2 (PGE,) biosynthesis in the gastric mucosal battidr
hours afforded the corresponding acetic acid anakmsy(  agtachment of ther-methylacetic acid moiety to the 1,4-di-
mixture of four diastereomers) in 21-78% vyields. Amnydropyridyl N-1 sp hybridized nitrogen atom is expected
monolysis of the methyl acetate estefsrfixture of four to reduce acidity significantly since the N-substituted-
diastereomers) yielded the corresponding acetamide analagsthylacetic acid moiety8] may be viewed as an alanine
(9a—g mixture of four diastereomers) in 48-95% yields. ANCH(Me)CO,H] moiety. It was therefore expected that
complete list of the compounds preparédd is provided in  a-methylacetic acids8j would be weak acids like alanine
Table 1. (pKa = 9.87) or phenylalanine g = 9.24), compared to
Hydrogenation of methyl 2-methyl-2-[1-(3-benzoyl-4-stronger acids such as acetic acld{p 4.74) or phenylacetic
phenyl-1,4-dihydropyridyl)]acetat@#, mixture of four dias- acid (Ka= 4.25). The [ of 9.17 for 2-methyl-2-[1-(3-ben-
tereomers) using 10% Pd/C and hydrogen gas afford@eyl-4-phenyl-1,4-dihydropyridyl)]acetic acic4), deter-
methyl 2—methyl-2-[1—(4—pheny|-5-benzoy|—1,2,3,4—tetrahym'ned using a potentiometric method {Hendgrson—
ropyridyl)]Jacetate 10, 47%, mixture of four diastereomers)Hasselbach equationKg = pH + log [HA] / log [A]}

as illustrated in Scheme 2. reported by Albert and Searjéf¥, was in good agreement
with the postulatedif, value. The weak-methylacetic acids
H H (8) would therefore be expected to cause less local gastric
Eﬁf@—@ - a?ﬁ?icf_@ irritation than commonly used acidic NSAIDs, since many
N Nt acidic compounds have a tendency to accumulate in the
ﬂ,&u\ no stomach wall soon after oral administratiéfl. In contrast,
= “c—ome ST Se—ome Ly
me I Me I non-acidic compounds generally have less tendency to accu-

7a 10 mulate inlgtomach tissue and show better gastrointestinal
Scheme 2Reagents and conditions: (&) ¢fas at 30 psi, 10% Pd/C, EtOAc, to'?ranCé ]-_The ulcerogenic liability dBawas determined _
using a modified method based on the procedure of Nagai
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Table 1. Physical data and analgesic activities for methyl 2-methyl-2-ga¢a-substituted-benzoyl-4-substituted-1,4-dihydropyridyl)]acetafes-d,
2-methyl-2-[1-(3-benzoyl-4-substituted-1,4-dihydropyridyl)]acetic acBs—§, 2-methyl-2-[1-(3-benzoyl-4-substituted-1,4-dihydropyridyl)Jacetamides
(9a—9, and methyl 2-methyl-2-[1-(4-phenyl-5-benzoyl-1,2,3,4-tetrahydropyridyl)]aceitéye (

R H o Ph
I ] 1
[ T° “ T
. 7. R = OMe N
cI:H 8 R'= OH (]:H
* \_ = \_
N 9, R = NH, e’ “G—ome
e} [¢]

Cmpd R R? RS Mp Yield Exact Mass Analgesic activity
°C % Calcd. Found % inhibitid?l
7a H Ph OMe - 68" - - 945 1.5
7b H 4-Cl-CgHa- OMe oil 51 381.1106 381.1104 57452.0
7c H 4-Me-CeHa- OMe oil 28 361.1678  361.1685 65#42.1
7d H cyclohexyl OMe oil 91 353.1991 270.1159 62.8+ 1.8
7e H PhCH OMe oil 28 361.1678 361.1678 57453.7
7f H Me OMe oil 21 - NOd 61.1+ 16.4
79 H n-Bu OMe oil 23 327.1834 326.17%6 66.5+ 1.4
7h H i-Bu OMe oil 14 327.1834  327.1833 72483.1
7i H Me(CHp)s OMe oil 72 - NO 72.2+ 7.1
7j H Me(CHp)13 OMe oil 80 - NDY 39.7+ 2.6
7k cl Ph OMe oil 22 381.1132 381.1131 8G:02.5
71 cl 4-Cl-CgHa- OMe oil 27 415.0739  415.0731 474635
7m cl PhCH OMe oil 21 395.1288  304.0744 53.0+ 2.6
7n cl cyclohexyl OMe oil 39 387.1601  304.0739 51.0+ 5.3
70 Me Ph OMe oil 50 361.1678 361.1674 6271.7
8a H Ph OH 93-95 30 - NB 30.1% 4.7
8b H 4-Cl-CeHa- OH 98-100 52 - NB 434+ 2.1
8c H cyclohexyl OH 84-86 54 - NB 62.8+ 1.8
8d H PhCH OH 83-85 21 - ND NTM
8e H Me ONa 105-115 65 - Ne) 30.6% 2.3
8f H n-Bu OH 68-70 37 - NS NT
8g H i-Bu OH 89-90 78 318.1368  318.1362 NT
%a H Ph NH - 67! - - 75.9+ 2.3
9% H 4-Me-CsHa- NH2 95-96 62 346.1681  346.1678 62:55.7
9c H cyclohexyl NH 90-92 95 338.1994 255.118% 95.6+ 3.6
od H PhCh NH2 85-87 73 3441525 344.1521 7%:52.9
% H n-Bu NHz 70-73 60 312.1837 312.1837 NT
of H i-Bu NH2 78-80 48 3121837  312.1837 NT
9g H Me(CHp)13 NH2 121-123 46 - NE! 27.6+ 11.3
10 oil 47 - ND© 68.6+ 5.0
Aspirin 57.8+ 2.8

[a]Inhibitory activity in the rat 4% NacCl-induced abdominal constriction (writhing) assay. The result is the meanSEMaeising five animals follow-
ing a 50 mg/kg intraperitoneal dose of the test compound.

blThe synthesis and characterization was reported previusly

[€1270.1129 [M — cyclohexyl]

IND = not determined. Anal. calcd. forf11gNOs: C 71.54, H 6.72, N 4.91. Found: C 71.39, H 6.66, N 4.93.

€1326.1716 [M — 1]

M Anal. calcd. for GoH2oNOg: C 74.33, H 8.22, N 3.94. Found: C 74.22, H 8.38, N 4.14.

Wcharacterized as the acetamide derivaiye

M304.0744 [M — benzyi]

11304.0739 [M — cyclohexyl]

UThe compound was characterized as the methyl &tergpared by adding a solution of diazomethane in MeOH to a solution of thﬂ)a&'hle(lH NMR
of the methyl ester prepared in this way was identical to the corresponding methyi)ester (

MNT = not tested.

11 Anal. calcd. for GsHieNOsNa.1/2H0: C 63.57, H 5.67, N 4.63. Found: C 63.97, H 5.36, N 4.34.

M255.1126 [M — cyclohexyl} Anal. calcd. for GiH26N202.1/4H0: C 73.55, H 7.79, N 8.17. Found: C 73.96, H 7.71, N 8.07.

WAnal. calcd. for GoHaaN20,: C 76.95, H 9.80, N 6.19. Found: C 76.82, H 9.84, N 6.22.

lAnal. calcd. for GaHaaNO2.1/2H0: C 73.65, H 6.42, N 3.91. Found: C 73.30, H 6.36, N 3.94.

Arch. Pharm. Pharm. Med. Chem. 332, 213-218 (1999)
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al. [141. Although Ibuprofen was ulcerogenic in rats ¢  the C-4 R-subsituent was cyclohexyl or benzyl where the
250 mg/kg po)8awas completely devoid of any ulcerogenigpotency order was acetamide > acetic acid methyl ester or
effect for a single 1200 mg/kg po dose at eight hours post draicetic acid. These comparative data suggest there may be a
administration. A subsequent chronic ulcerogenicity studyooperative effect between thé-Rind R-substituents with
showed thaBa, administered at 600 mg/kg po twice a day forespect to analgesic activity. Reduction of the 5,6-olefinic
six days, was completely devoid of any gastric irritation dsond of the 1,4-dihydropyridyl compoun#lal 94% inhibi-
ulcerogenicity. tion) to the corresponding 1,2,3,4-tetrahydropyridyl deriva-

The methyb-methyl acetatesy], anda-methyl acetamides tive (10, 69% inhibition) reduced analgesic activity. Methyl
(9), could serve as prodrugsdemethyl acetic acid8j upon 2-methyl-2-[1-(3-benzoyl-4-phenyl-1,4-dihydropyridyl)]ac
bioconversion by esterase(s), and amidase(s), respectivelate {a) and 2-methyl-2-[1-(3-benzoyl-4-cyclohexyl-1,4-
Thein vitro stability of methyl 2-methyl-2-[1-(3-benzoyl-4- dihydropyridyl)Jacetamide 9¢) exhibited the most potent
phenyl-1,4-dihydropyridyl)]acetat@4) and the correspond- analgesic activity (95% inhibition) relative to the reference
ing acetamide derivatived4) were therefore investigated. drug aspirin (58% inhibition) for a 50 mg/kg intraperitoneal
Incubation offawith rat plasma at 37 °C resulted in its rapiddose.
and quantitative, conversion to tthanethyl acetic acid3@)
in less than 10 min. A similar incubationtd with rat liver
homogenate resulted in a slower rate of ester cleatage ( Acknowledgments
25 min). In contrast, the acetami@a)underwent negligible e are grateful to the Medical Research Council of Canada (Grant No.
(< 2%) conversion t@a upon incubation with either rat mA-13262) for financial support of this research.
plasma, or rat liver homogenate, for incubation times up to
24 h.

The ability of thea-methylacetic acid derivativel, so- Experimental

dium salt 08a) and the methyl-methylacetatera) t‘? mhlb_|t Melting points were determined using a Thomas-Hoover capillary appa-
cyclooxygenase-1 (COX-1) and -2 (COX-2) was investigataghus and are uncorrecteth NMR spectra were recorded on a Bruker

in view of their structural similarity to NSAIDS such asam-300 spectrometer. Chemical shifts are reported in ppynvélues
ketoprofen ). These studies showed that neitlhbror 8a relative to TMS as internal reference. The assignment of exchangeable
inhibited unstimulated COX-1 activity as measured by thiotons (®1, NHz) was confirmed by the addition of {H20. Infrared
production of thromboxanegE{TXBz), or COX-2 activity as spectra were acquired using a Nicolet 5SDX-FT spectrometer. Exact Mass

d by i | id timulated d measurements (HRMS) were obtained using an AEI MS-50 mass spectrome-
[ne?lSSL]JI’e y lipopolysaccaride stimulated P@Eoduc- ter (electron impact). Measurements of pH were performed using an Orion
on

,ata 1_00 m.g/kg oral qose in rats. ThUS, th_i$ class @bdel SA520 digital pH meter. Column chromatography was performed
a-methylacetic acid derivatives/€8), unlike traditional using Merck 7734 (100-200 mesh) silica gel. Preparative thin-layer chroma-
NSAIDs, do not act as inhibitors of the COX-1 and COX-Rgraphy (PTLC) was carried out using Camag Kieselgel DF-5 plates, 1 mm
isozymes. in thickness, activated at 120 °C overnight prior to use. Tetrahydrofuran

; ; : : (THF) was dried over sodium-benzophenone and distilled just prior to use.
The acetic acid methyl eSterg)’( acetic acids a) and All chemical reagents, organometallic reagents in "sure-sealed” containers,

acetamidesg) were _inveStiﬁed to determine the effect (_)f fere purchased from the Aldrich Chemical Co. Lipopolysaccaride Erom
para-benzoyl substitutent (R= H. Cl, Me), the C-4 substi- coli and indomethacin were obtained from the Sigma Chemical Co.
tuent (R = phenyl, benzyl, cyclohexyl, alkyl), and the nature
Qf the ﬁ'subsmu?r_]t (OMe, OH, Nﬂ Upon analgesic aCt'V'_ General Method for the Preparation of Methyl 2-methyl-2-[1-(3-para-sub-
ity. Analgesic activity was determined using the 4% NaCl-instituted-benzoyl-4-substituted-1,4-dihydropyridyl)]acetaeso
duced Writhing assay and the results are summarized il}l solution of the respective 3-benzoylpyridirg £0.9 mmol) andac
R e e . - ) -
Table 1. CompoundE—9|nh|_b|ted (‘,"’“.th'f‘g .27 95% relative methyl 2-bromopropionate (2.6 g, 16.4 mmol) in dry acetone (20 ml) was
to the reference drug aspirin (58% inhibition) for a 50 mg/k@eated at reflux for 8 h. After cooling to 25 °C, the solid was filtered and
intraperitoneal dose. In the acetic acid methyl ester s@jies (dried to give the corresponding pyridinium bromide SIF0-75% yield),
the relative potency order with respect to tHepBra-ben- which was used immediately in the subsequent reaction. A mixtue of
zoyl substituent was H > Cl and H > Me [FBI > Cl (7k); (PA{.S mrlno_l) ingry THF (hSO ml) was stirredhunder a_nitrogen atmospherelugtil
. . . the solution became homogeneous. The reaction mixture was cooled to
H |$/|7b) > Cl_l_(gl)’ |1:|f (79 ? ﬁl ((7:”2’?? (7bd)'> Cl (7n); H (|7a) . =23 °C in a dry ice-C@Glbath, a solution of the Grignard reageﬁM@Cl
> e (70)] € e ect o .t .e ) Su_ Stltu,ent on analgesic g2 — Ph, 4-Cl-GHas-, PhCH, 4-Me-GsHs- cyclohexyl, Me,n-Bu, i-Bu,
activity was variable within the acetic acid methyl ester [Plie(CHy)s, Me(CHy)13; 6.4 mmol of a 2 M solution in THF) was added
(78) >i-Bu (7h) = Me(CH)s (7i) > n-Bu (79) > 4-Me-GsHs-  dropwise, and the reaction mixture was maintained at —23 °C for 30 min prior
(7¢) = cyclohexyl {d) = Me (7f) benzyl {e) and 4-Cl-GH4-  to warming to 25 °C. The; _reaction mixture was stirred for a fuyther 15h
(7b) > ,v|e(c|_*2)13 (71)] acetic acid [cyclohexyl&c) > 4-Cl- before quenching by addition of saturated aqueousCONKs ml). Diethyl
CeH- (8b) > Ph Ba) —,Me (8e)] and acetamide [C clohexvl ether (30 ml) was added, the organic layer was separated and washed
6! 14 ~ - ' Yy Y successively with solutions of 30% NBH:saturated NkCI (3:1, V/v;
(99> Ph 0a) =benzyl @d) > 4-Me-GsHy- (9b) Z Me(CH)1s 3o ml), water (2 10 ml), and then brine (10 ml). The organic layer was dried
(99)] series of compound_s. In generf_il'. thQ C"bﬁ:'OheXy' (MgSQy), and the solvent was removiedvacuoto yield a brown oil. This
compounds show superior analgesic activity, whereas thasiavas purified by elution from a silica gel column using an EtOAc-hexane
possessing a more |ip0phi|iC2R: Me(CHp)13 substituent gradient going from 5:95 to 15:85 viv as eluent to afford the respective
were the least active analgesic agents. Overall the naturep@fjucﬂa—oas an oil (mixture of four diastereomers) [see Table 1tarrR

- : R and R-substituents, % yield and Exact Mass (high resolution mass
the Rg substituent (OMe' OH, Nﬁ was a determinant of ectral) data]. Infrared (IR) arth NMR spectral data fora—oare quali-

L . . S
activity where the potency order profile was acetic ac‘fi]tively similar except for differences with respect to tfiedd R-substi-
methyl ester T, R2 = Ph, 4'C|'@H4',_4'MG'QSH4'. Me,  tuents. Representative IR atid NMR spectral data forb, 7d, 7g, and7k
Me(CHop)14] > acetic acid &) or acetamide9), except when are listed below.

Arch. Pharm. Pharm. Med. Chem. 332, 213-218 (1999)
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Methyl 2-Methyl-2-[1-(3-benzoyl-4-para-chlorophenyl-1,4-dihydro-2-Methyl-2-[1-(3-benzoyl-4-para-chlorophenyl-1,4-dihydropyridyl)]Jacetic
pyridyl)Jacetate7b Acid8b

IR (film): v = 1745 cri* (CQy), 1679 (C=0)*H NMR (CHCh-ch): 3 1.44 IR (KBr): v = 3057 cri* (OH), 1802 (C@), 1679 (C=0);"H NMR
(d,ve,cH=7.5Hz, 3H, CiVe), 3.74 [3.72] (s, 3H, ®e), 4.0[4.1] (4IvecH  (CHCls-d1): & 1.48 [1.56] (dJme,cH = 7.2 Hz, 3H, CiMe), 3.95 (qJcH,Me
=7.5Hz, 1H, €Me), 4.84 [4.82] (dJa5= 4.9 Hz, 1H, H-4), 5.06 (dds6 = 7.2 Hz, 1H, EMe), 4.80 (dJa5= 4.9 Hz, 1H, H-4), 5.05 (5.08) (ddh 6
=8.2,J45= 4.9 Hz, 1H, H-5), 6.0 [6.04] (dds6= 8.2,026= 1.5 Hz, 1H, =7.1,J45= 4.9 Hz, 1H, H-5), 6.00 [6.02] (ds6= 7.1 Hz, 1H, H-6), 6.70
H-6), 6.98 [6.96] (dJ2,6 = 1.5 Hz, 1H, H-2), 7.20-7.50 (m, 9H, phenyl (br s, 1H, ®&), 6.99 [6.96] (s, 1H, H-2), 7.10-7.70 (m, 9H, phenyl hydro-
hydrogens). The ratio of the major:minor set of resonances was about gehs). The ratio of the two sets of resonances was about 1:1 witvethes
with the & values for the minor set of resonances when present shownfiir the second set of resonances when present shown in square brackets.
square brackets.

2-Methyl-2-[1-(3-benzoyl-4-cyclohexyl-1,4-dihydropyridyl)]acetic Agid

Methyl 2-Methyl-2-[1-(3-benzoyl-4-cyclohexyl-1,4-dihydropyridyl)Jacetate IR (KBr): v = 3057 critt (OH), 1802 (CQ), 1671 (C=O);1H NMR
7d (CHCIs-dy): 6 0.98-2.00 (m, 13H, cyclohexyl H-2, H-3, H-4, H-5, H-6,
CHMe), 2.62-2.68 (m, 1H, cyclohexyl H-1), 3.45-3.60 (m, 1H, H-4), 4.16

IR (film): v = 1753 cri! (COp), 1671 (C=0);'H NMR (CHCk-d1):  [4.00] (q,JcHMe= 7.1 Hz, 1H, GIMe), 5.62 [5.56] (ddJs,6= 8.7,Ja,5= 4.5

5 1.0-1.3 (m, 6H, cyclohexyl H-3, H-4, H-5), 1.46 [1.44] {de.ch = 7.4  Hz, 1H, H-5),6.72 (brs, 1H,19), 6.96 (dJ5,6= 8.7 Hz, 1H, H-6), 7.30-7.65

Hz, 3H, CHVie), 1.60-1.82 (m, 5H, cyclohexyl H-1, H-2, H-6), 3.66-3.74(m, 6H, phenyl hydrogens, H-2). The ratio of the two sets of resonances was

(m, 1H, H-4), 3.76 [3.75] (s, 3H,@e), 3.92 (qJcH,me= 7.4 Hz, 1H, EIMe),  about 1:1. The values for the second set of resonances when present are

4.92-5.04 (m, 1H, H-5), 6.02 [6.00] @,6= 7.6 Hz, 1H, H-6), 6.88 (s, 1H, shown in square brackets.

H-2), 7.35-7.65 (m, 5H, phenyl hydrogens). The ratio of the two sets of

resonances was about 1:1 with &healues for the second set of resonance ’ . . ) .
when present shown in square brackets. > Methyl-2-[1-(3-benzoyl-4-isobutyl-1,4-dihydropyridyl)]acetic A8l

IR (KBr): v = 3080 criit (OH), 1802 (C@), 1679 (C=0);'H NMR
(Me2SO-a;): 6 0.80-1.00 (m, 6H, CMez), 1.18-1.44 (m, 5H, CHéx,
Methyl 2-Methyl-2-[1-(3-benzoyl-4-n-butyl-1,4-dihydropyridyl)Jacetage = CHMe), 1.68-1.82 (m, 1H, C}CHMey), 3.54-3.60 (m, 1H, H-4), 4.24 (q,
JcH,me = 6.9 Hz, 1H, €IMe), 4.98 [5.02] (ddJse = 7.1,J45= 4.8 Hz, 1H,
IR (film): v = 1745 ¢t (COp), 1679 (C=0)*H NMR (CHCk-d1): 50.90  H-5), 6.08 (dJ56 = 7.1 Hz, 1H, H-6), 6.90 [6.92] (s, 1H, H-2), 7.36-7.52
(t, JcHzme = 7.2 Hz, 1H, CHMe), 1.20-1.34 (m, 6HCH2CH2CH2CHs), (m, 5H, phenyl hydrogens). The ratio of the two sets of resonances was about
1.38 [1.40] (d Jve,cH = 6.8 Hz, 3H, ClVe), 3.68-3.80 (m, 1H, H-4), 3.76 1:1. Thed values for the second set of resonances when present are shown
[3.78] (s, 3H, MMe), 3.92 (q,JcH,Me = 6.8 Hz, 1H, EIMe), 4.98 (5.02] (dd, in square brackets.
Js.6= 7.2,da5= 5.3 Hz, 1H, H-5), 5.94 (dls.6 = 7.2 Hz, 1H, H-6), 6.86 (s,
1H, H-2), 7.30-7.56 (m, 5H, phenyl hydrogens). The ratio of the two sets @

" feneral Method for the Preparation of 2-Methyl-2-[1-(3-benzoyl-4-substi-
resonances was about 1:1 with &healues for the second set of resonancesg ted-1 4-dihydropyridyl)jacetamidéa—g

when present shown in square brackets.
A saturated solution of ammonia in MeOH (10 ml) was added to a solution
of the methyl acetate est@ 2.7 mmol) in MeOH (20 ml), the reaction flask
Methyl 2-Methyl-2-[1-(3-para-chIorobenzoy|-4-benzy|-1,4-dihydro-Was sealed with a r_ubbe_r _septum, and the reaction was allowed to proceed
pyridyl)jacetate7k for 48 h at 25 °C with stirring. The solvent was remowedacuoand the
respective product was purified by silica gel TLC using EtOAc-hexane (3:1,
IR (film): v = 1753 criit (CO), 1679 (C:O),lH NMR (CHCh-ch): 51.24 v/v) as development solvent. Extraction of the band containing the product
(d, ve.cH = 7.2 Hz, 3H, CIVle), 2.76-2.90 (m, 2H, B2Ph), 3.68 [3.70] (s, using E_tOAc (2¢< 100 ml) and r_emoval of the _solvéntvacuoafforded the
3H, OMe), 3.76 (q.JcHwme = 7.2 Hz, 1H, GIMe), 3.96-4.12 (m, 1H, H-4), relspeRgtlve pr%ducge_—g asa mlxtL:)re o_f four diastereomers [S(_ae Table 1_for
4.94 (ddJs6 = 8.6,J45 = 5.2 Hz, 1H, H-5), 5.84 (dds6 = 8.6,J2.6= 1.5 R™-, R*- and R-substituents, mp, % yield and Exact Mass (high resolution
Hz, 1H, H-6), 6.72 [6.74] (dJ26 = 1.5 Hz, 1H, H-2), 7.14-7.56 (m, 9H, mass spectral) d_ata]. Infrared (IR_) NMR spectral data fd®a—gare
phenyl hydrogens). The ratio of the two sets of resonances was about 3:2 \wﬁlltanv_ely similar except for differences with respect to tfe &d
R°-substituents. Representative IR 3RNMR spectral data f@db and9d

the d values for the minor set of resonances when present shown in square.
brackets are listed below.

2-Methyl-2-[1-(3-benzoyl-4-para-tolyl-1,4-dihydropyridyl)|Jacetam@te
General Method for the Preparation of 2-Methyl-2-[1-(3-benzoyl-4-substi-

Ty — =1 —A))-
e 1.4 dihydropyricyacete A g IR (KBr): v = 3312 crii* (NHy), 3180 (NH), 1720 (CONH), 1679 (C=0);

'H NMR (CHCl-d1): & 1.36 (d,Jve,cH = 6.6 Hz, 3H, Ci¥le), 2.28 (s, 3H,

Aqueous NaOH (10 ml of a 1% w/v solution, 0.75 mmol) was addeg sHa-Me), 3.82 (qJcrime = 6.6 Hz, 1H, BMe), 4.78 (dJa 5= 4.8 Hz, 1H,

dropwise to a solution of the respective methyl acetate @76 mmol) Hg gég gjn(:jJ%63_67(£\?\;g4551H4 SaifH;yH;—(l)(?)(sslgl—? (:5263 _77052'_—'725%)'—;m
in EtOH-HO (4:1,v/v, 12.5 mi) at 25 °C with stirring. The reaction was o > >=> 310 ’ A R '
allowed to proceed with stirring until TLC (0.25 mm thickness silica gel Gq » phenyl hydrogens).

microplate) indicated that the reaction was completed (about 2 h). Removal

of the solventin vacuqg addition of water (10 ml), and acidification with 5N 2-Methyl-2-[1-(3-benzoyl-4-benzyl-1,4-dihydropyridyl)]acetanfde

HCI gave a yellow solid which was filtered off and dried in a drying pistol 1

to afford the respective acetic acid produts-g as a mixture of four _ IR (KBr):v =23328 cm™(NHz), 3180 (NH), 1720 (CONH), 1687 (C=0);
diastereomers (see Table 1 fdr AR?- and R-substituents, mp and % yield "H NMR (CHCl-d1): 5 1.24 [1.28] (dJve,cH = 7.5 Hz, 3H, CiVle), 2.66
data). The acetic acid produ@s-d, 8f were characterized by reconversion (dd, Jgem= 14.2,Jvic = 2.9 Hz, 1H, CHi’Ph), 3.16 (ddJgem = 14.2,Jvic =
to their respective methyl ester derivativ@ i quantitative yield by 5.5Hz, 1H, G1H'Ph), 3.52 [3.60] (JcH,me= 7.5 Hz, 1H, EIMe), 4.20-4.26
addition of a solution of excess diazomethane in MeOH at 25 °C with stirringn, 1H, H-4), 4.66 and 4.70 (two s, 1H totabN5.00-5.10 (m, 1H, H-5),
Infrared (IR) and'H NMR spectral data foBa—gare qualitatively similar  5.34 (s, 1H, M), 5.80 [5.83] (ddJs 6 = 7.2,J2,6 = 1.5 Hz, 1H, H-6), 6.62
except for differences with respect to thé, RR>- and R-substituents. [6.72] (d,J2,6 = 1.5 Hz, 1H, H-2), 7.10-7.62 (m, 10H, phenyl hydrogens).
Representative IR antH NMR spectral data foBb, 8c and8g are listed The ratio of the two sets of resonances was about 1:15 Vakies for the
below. second set of resonances when present are shown in square brackets.
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Methyl 2-Methyl-2-[1-(4-phenyl-5-benzoyl-1,2,3,4-tetrahydropyridyl)]-
acetatel0

Animals were anesthetized with pentobarbital 3 h after administration of
the test compound. Blood samples (2 ml) were taken from the descending

10% Palladium-on-charcoal (20 mg) was added cautiously to a solution.acﬁ!rta and divided into two Sa.mples' The first aliquot (1 ml) was t'ransferred
7a(0.5 g, 1.4 mmol) in EtOAc (10 ml) in a pressure bottle, and the reactigh© 2 glass .tUbe and pldaced |n0a1wate;r tl)athl at 37. C’.\‘Afteraé}gylg,/d!o
was allowed to proceed in the presence of hydrogen gas at 30 psi with shalgi}(ijgﬁmEt acin, prepared as a ) mg/ml solution in .a.HCL o WiV),
for 24 h at 25 °C. Filtration of the mixture, and removal of the solvent Was added (10Ql) and gently mixed. When aggregating, platelets release

vacuogave a yellow oil that was purified by preparative TLC using EtOActhromboxane A which is synthesized via the enzyme cyclooxygenase
(COX-1). The production of this enzyme is measured by the release of the

hexane (1:1, v/v) as development solvent to affbdd(mixture of four table hydrafi duct. thromb Bhi therefore b d
diastereomers) as an oilf(R0.65, 200 mg, 47%); IR (film): IR (KBryy =  StAPI€ hyadration product, thromboxang Bhis assay can theretore be use
: ) i 9 ) (film) (KBry to measure systemic inhibition of COX by an NSAID.

1 —n} .

i774g En; éﬁogwﬁg)?i(go__?lg mﬂgé(::%gglgg_lséll%[(lrfzz]éd‘h”Z‘):H?’? 4, The remaining blood was aliquoted (1 ml) and incubated for 15 min with

[3.76] s,’3H,’ e), ,3.88—4.02 (twé) ov’erlap;’:)ing dotme = '7_2 i—|z, 1i_|7 gentle shaking in a water bath at 37 °C. Lipopolysaccarige/8l) was

CHMe), 4.32-4.40 (m, 1H, H-4), 7.18-7.65 (m, 11H, phenyl hydrogen_@,dde‘j z?md the |ncupat|on was allqued to proceed for an .addltlonal 5.h. The

H-6). The ratio of the two sets of resonances was about 1:.vidiees for !ncubat|on was termmgted t_)y addition of :.w@f Q'l mg/ml |ndomethac‘|n_

the second set of resonances when present are shown in square bracke{9.1'25% NaHC@so_Iutlon. Llpopolysaccande-st|m_u|ate_3d COX-2 reactivity
represents predominately a COX-2 response primarily from mononuclear

cells™®. Ssamples were centrifuged at 4 °C for 10 min at 1g0S@rum was

transferred to Eppendorf tubes and stored tat —20 °C for subsequent meas-

urement of prostaglandirey ELISA.

Determination of the pKValue for 2-Methyl-2-[1-(3-benzoyl-4-phenyl-
1,4-dihydropyridyl)]acetic Aci®a

The pKa, calculated using the Henderson-Hasselebach equaligrF {p
pH + log [HA] / log [AT]} using the method of Albert and Searj@ for 8a
was 9.1% 0.01 o =5).

Analgesic Assay

Analgesic activity was determined using the 4% sodium chloride-induced
writhing (abdominal constriction) assay reported by Fukawal™*® as
described previousty/!,

Six male Sprague-Dawley rats weighing 100-120 g, fasted for 24 h, were
sacrificed 8 h after oral administration of the test compound (100—

1200 mg/kg po dose). The stomach, sternum, and duodenum were remoReferences
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