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Nonpeptide Angiotensin II Receptor Antagonists. I. Synthesis and

Biological Activity of Pyridine Derivatives
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Substituted pyridines were synthesized as potential angiotensin II (AII) receptor antagonists. Substitution at
the position 2 in the pyridine resulted in potent activity, and the optimal alkyl length was four carbons. The potency
further -increased with the introduction of a hydroxymethyl group at the position 4. One of the compounds,
2-butyl-6-chloro-4-hydroxymethyl-5-methyl-3—[[2’-(1H-tetrazol-5-yl)biphenyi-4-yl]methyl]pyridine 9h (KT3-579)
is a competitive AII antagonist with a pA, value of 9.31, and is about 10 times more potent than Du Pont 753. It
was found to be an AT, specific antagonist with an IC5, of 3.09 nm.

Keywords nonpeptide AII antagonist; pyridine derivative; competitive AIl antagonist; KT 3-579

The renin-angiotensin system (RAS) is one of the
important homeostatic mechanisms that regulate hemody-
namics and water and electrolyte balance.! One approach
to controlling the RAS system is to use angiotensin
converting enzyme (ACE) inhibitors which inhibit the
conversion of angiotensin I (AI) to angiotensin II (AII).
However, AII can also be formed in vivo by the action
of enzymes other than ACE.? A more effective approach
is to block the action of AII at the AII receptor level.
The disclosure of Du Pont 753,% the first example of a
specific Al receptor antagonist, provided a lead for the
development of more potent inhibitors and stimulated a
search for agents with improved potency and longer
duration of action. Recently more potent nonpeptide AII
receptor antagonists such as L-158809*% and SR-47436%
have been described.

Structure comparison of these compounds reveals two
fundamental units : a heterocyclic head and a biphenyl
tail having an acidic moiety such as a tetrazole. As a
heterocyclic head, 5-membered imidazole (Du Pont 753,
SR-47436) and fused imidazole (L-158809) have been
reported, but the 6-membered pyridine head has not been
reported yet, so we decided to prepare 6-membered
pyridine head analogues. Furthermore, we assumed that
the 3-nitrogen in imidazole and pyridine nitrogen were
possible hydrogen bond acceptors.

In this paper, we report our initial efforts to synthesize
and to examine the biological activity of the pyridine
derivatives.

Cl

e

N N

)}

N—N
H

Du Pont 753

N
N
Et—’ |
_<N P

H
L-158809

Chemistry

The synthesis of the target compounds was started from
the substituted pyridine-3-carbaldehyde 1 and Chart 1
outlines the general method for the synthesis of these
compounds. Coupling of 1 with Grignard reagents of
4-bromo-2'-oxazolylbiphenyl 2 or 4-bromo-2'-trityltet-
razolylbiphenyl 3 gave the carbinol 4.7 Chlorination of
4 with thionyl chloride gave 5, which was reduced with
ZnAcOH to give 6 and 7. Subsequent hydrolysis in 4.5N
HCI or deprotection with 75% AcOH gave 8 and 9. The
biphenyls 2 and 3% were prepared according to the
Meyers’ method as shown in Chart 2, using an oxazoline
to ‘mask the carboxylic group® and the nucleophilic
displacement of an O-methoxy group of 11 with Grignard
reagent. The oxazoline 11, prepared from 10, was coupled
with p-bromophenylmagnesium bromide (MgBrC4H Br)
12 to give the biphenyl 2, which was hydrolyzed to the
carboxylic acid 13, then converted to the amide and
dehydrated to the nitrile 14. Alternatively, 2 was also
directly converted to 14 with phosphorus oxychloride
in pyridine.'® Treatment of 14 with trimethyltinazide
afforded the trimethyltintetrazole 15,'Y which was con-
verted to the trityl tetrazole 3 by the standard pro-
cedure.

Preparation of mono-, di- and trisubstituted pyridine-
3-carbaldehydes 1la—4a is outlined in Chart 3; four
principal routes A—D were utilized to prepare these
compounds. 2-Mono-, 2,4-di- and 2,4,6-trisubstituted
pyridine-3-carbaldehydes 1a were obtained by condensa-
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b, SOClL2, 60°C; c, Zn/AcOH,r.t.;d, 4.5N HC], reflux (R7= —{ :'_ )or 75% HOAc, r.t.

(Ry= -4 Il -C{Ph); )

Chart 1

cioc
10

15

/

QQ

COOH

_N-Sn(CHg)s Ny

a, NH2C(CH3)CH2CH20H, CH2Cl2,r.t.; b, SOCI2, reflux; ¢, BrCéHsMgBr (12) / THF, reflux; d,

POCI3, pyridine, reflux; e, 4.5N HC], reflux; f, SOCI2, reflux then NH4OH, r.t.;

g, POCl3,

130°C; h, Me3SnN3/ toluene, reflux; i, NaOH-H20 then Ph3aCCl / Et3sN
Chart 2

tion of the appropriate acrylaldehyde 16 and ethyl
2-aminoacrylate 17 to give the 1,4-dihydropyridine 18,'?
followed by oxidation with ceric ammonium nitrate to
give the corresponding ethylpyridine-3-carboxylate 19,1
which was reduced to the alcohol with LiAIH,, and
subsequently oxidized to the aldehyde 1a—g (route A).
4,6-Disubstituted pyridine-3-carbaldehyde 2a was pre-
pared by regioselective 1,4 addition of the 6-substituted
pyridine-3-methanol silylether 20 via pyridinium chlo-
ride as outlined in route B.'* The resulting dihydro-
pyridine 21 was aromatized with O,, and desilylated to
give the alcohol 22, which was oxidized with MnO, to
give the aldehyde 2a.!® 2 4-Disubstituted-6-chloropyri-

dine-3-carbaldehyde 3a was prepared as shown in route
C.19 The N-oxide 24, prepared from 23 with m-chloro-
perbenzoic acid (mCPBA), was treated with phosphorus
oxychloride (POCI;) to give 25 and then converted to
3a using the standard procedure. 2,4,6-Trisubstituted
pyridine-3-carbaldehyde 4a was prepared as shown in
route D.17

Sodium ethoxide-catalyzed Michael addition of the
ketoester 26 to 27 gave the desired adduct 28. Treatment
of 28 with ammonium acetate (NH,OAc) in hot acetic
acid (HOACc) afforded the intermediate dihydropyridine
29, which was oxidized with cupric acetate (Cu(OAc),) in
situ to afford the pyridyl ester 30. The compounds having
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a, EtOH, reflux; b, (NH4)2Ce(NO3)s; ¢, LAH/THF, d, MnOz/Mezco; e, CICO2Et then RiMgBr/Cul;
f, 02; g, F; h, mCPBA; i, POCI3; j, EtONa/EtOH; k, NH4OAc/HOAC; 1, Cu(OAc)2/AcOH
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Chart 4

hydroxymethyl group at 8h and a hydroxy group at 8k
were prepared by means of the Takada reaction as shown
in Chart 4.*® The N-oxide 31, prepared from 6 (R,=
CH,, R,=CH; and Rs=R;=H) with mCPBA, was
treated with HOAc—Ac,O to obtain a mixture of 32 and
33, which were chromatographically separated and these
compounds were deacetylated to give 8h and 8k.
Compound 8k was further methylated to give 8L
Compound 9e—h and 9j were obtained in the same

manner. In the case of 9e, the hydroxymethyl group was
cyanated to give the cyanomethyl compound 9i. The
4-hydroxymethyl-6-chloro compound was prepared via
tandem oxidation of the chloro compound. The synthetic
procedure for 9h (KT 3-579) is illustrated in Chart 5.

Results and Discussion
Compounds 8a—1I and 9a—j were tested for AIl receptor
antagonistic activity in isolated rabbit aorta. Physico-
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R, CH; CH,
Rs N OO0k a CH, Ny CO0E b CH, Ny OO0k
SIS & SRS S G
H NP R, H NP CiH, cl NP CiH,
19 I s 35
(R2=n-Bu R4=Me, Rs=Me) o
CHO
C4Ho C.H, Cn"o
CH,0Ac CH,0H
/
NP ~CiHy CaHy
o}
a, mCPBA; b, POCI3/Et3N; ¢, LAH/THF; d, MnO2/Me2CO; e, Mg, BrCéH4-CéHa —§ 1_(2)
N
/THF; f, SOCl2/ CeHs, reflux; g, Zn/AcOH,r.t.; h, POCI3, pyridine, reflux; i, nPCBA; j, Ac20/AcOH,;
k, 4% K2COs3; 1, Me3SnN3/toluene, reflux; m, NaOH-H20
Chart 5
TaBLE 1. Physical Properties and All Receptor Antagonistic Activities of Compounds 8 and 9
ﬁ O O R5
N R, COOH Rg N R,
Analysis (%)
No R, R, Rs Rg mp (°C) Formula Caled Found _pA,
C H N C H N
8a  CH, H H H  185—187 C,,H,,NO, 79.19 565 4.62 7892 553 481 525
8b CH, CH, H H 264—265 C,;H,(,NO, 79.47 6.03 441 79.19  6.00 4.79 4.20
8¢ CH, GC,H, H H  247—249 C,,H,,NO, 7973 639  4.23 7939 459 663 590
8d CH, C3H, H H 193—195 C,3H,;NO, 79.97 6.71 4.05 79.61 6.96 4.31 6.05
8 C,H, CH, H H 176—178 C,;H,,NO, 7997 671  4.05 8008 685 411 685
8 C,H, CH, H H 171—173 C,H,,NO, 80.19 7.01  3.90 7985 721 405  7.03
8g C,H,, CH, H H  187—189 C,,H,,NO, 8040 729 375 8007 760 393 652
sh CH, CH,OH H H 117—118 C,,H,,NO, 7677 671 373 76.67 693 377 143
8i H C,H, H CH,; 109—112 C,3H,3NO, 79.61 6.96 4.31 79.97 6.71 4.05 5.69
8j C.H, CH, H Cl 120—122 C,,H,,CINO, 70.32 590 3.42 70.08 6.05 3.72 7.30
8k C,H, CH; OH H 242—243 C,,H,sNO, 76.77 6.71 3.73 76.78 6.84 4.02 6.63
81 C.H, CH, OCH; H 81—83 C,sH,,NO; 77.09 6.99 3.60 76.83 7.12 3.92 7.27
9a C.H, CH, H H 189—190 C,,H,sN; 75.17 6.57 18.26 75.35 6.79 18.35 7.75
% CH, CH, H cl 112—113  C,,H,,CIN, 6897 579 1676 68.85 572 1695  8.15
9¢ CH, CH, CH, H 193—194 C,H,,N; 75.54  6.85 17.62 7530 670 17.61  7.92
d CH, CH, CH, « 87—89  C,5H,,CIN, 69.51 607 1621 69.40 6.06 1449  8.03
e C,Hy, CH,0OH H H 194—196 C,,H,sN;O 72.16 6.31 17.53 7195 6.55 17.26 8.87
of C,H, CH,OH H Cl 114—116 C,H,,CINSO-H,O0 63.78 575 1549 64.08 580 1562 8.68
9g C,H, CH,0OH CH,4 H 182—184 C,;H,,N;O 7261 6.58 16.94 7232 6.70 17.12 8.70
9h C,H, CH,OH CH; Cl 119—120 C,sH,¢CIN;O 67.03 585 15.63 6691 591 15.85 9.31
9% C,H, CH,CN H H 152153 C,.H,,N, 7351 592 2057 7324 593 2037  8.15
9% C,H, CH,0OH H CH, 154—155 C,sH,,N;O 7261 658 1694 7232 670 17.12 835
Dup753 8.32

chemical properties and pA, values are shown in Tables I
and II. In the carboxylic acid analogues 8a—1, elonga-
tion of the alkyl group at R, from H (8a) to C;H, (8d)
did not cause a significant increase in the activity but

elongation of the alkyl group at R, from C;H, (8e) to
C;H,, (8g) did affect on AII receptor activity. The optimal
alkyl length at the 2 position was C,H, (8f), with a pA,
value of 7.03. Introduction of a hydroxymethyl group in-
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TaABLE 1II

(IC50> HM)

AT, AT,"

a. Characterization of 9h in radioligand binding assay

9h 0.8 > 10000

Dup 753 5.0 > 10000
b. Selectivity of 9h to the other agonists®

KCl 1076 N.E.

Norepinephrine 107¢ N.E.

5-Hydroxytryptamine 10-¢ N.E.

a) Calculated from inhibition of the binding of [!2°I]Sar!, Ile®-All using rat
liver AT, receptor membrane. b) Calculated from inhibition of the binding of

[**°T]AIL. ) Effect on the contraction in rabbit aorta caused by the agonists.
100 1
g
g 50 1
£
<]
&)
d . . )
-10 -9 -8 -7 -6
Angiotensin II (log M)
Fig. 1. The Effect of 9h (KT3-579) on the Concentration—-Response

Curve for AIl in Isolated Rabbit Aorta. Symbols Represent Mean
Values+S.E. (n=6)

pA,=9.3110.17, slope=1.061+0.11. —@—, Vehicle; —O—, KT3-579 10~ oM
—A—, KT3-579 3x 10~ °m; —[1—, KT3-579 10m.

stead of methyl at the 4 position increased AII receptor
antagonistic activity from pA, 7.03 to 7.43 (8f versus 8h).

Introduction of a hydroxy group at the 5 position
decreased the activity (8f versus 8k) and the methoxy
compound 8l had nearly the same activity as 8i. In the
tetrazole analogues 9a—j, replacement of carboxylic acid
8f with tetrazole 9a increased the potency from pA, 7.03
to 7.75. Conversion of the methyl group to a hy-
droxymethyl group at the 4 position increased the ac-
tivity from pA, 7.75 to 8.87 ( 9a versus 9e). Chlorination
at the 6 position (9a, 9¢ versus 9b, 9d) also increased the
pA, value by 0.11—0.40. However, no increase in All
receptor antagonistic activity was elicited by chlorination
of the 4-hydroxy analogue (9e versus 9f). In contrast, the
introduction of a chlorine atom at the 6 position of the
S-methyl compound increased the pA, value by about 0.6
(9g versus 9h). These studies suggest that, in the AIl
receptor, there is a limited lipophilic binding site to which
the 6-chloro and 5-methyl groups of 9h bind, since a
chlorine atom and a methyl group are reported to increase
the lipophilicity of 9h.'® Conversion of 4-hydroxymethyl
9e to cyanomethyl 9i lowered the activity. The inhibitory
pattern and the potency of 9h in vitro are shown in Fig.
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1, using contractile responses to AIl in isolated rabbit
aorta; 9h showed competitive antagonism in this model.2?
The concentration—response curve for AIl was shifted in
parallel to the right and there was no depression of the
maximal contractile response in the presence of 1, 3 or
10nM 9h. For further characterization, 9h was tested
in a radioligand binding assay for AT, receptor using rat
liver membrane preparations. It inhibited the binding of
['2°T]Sar!,Ile®-angiotensin to AT, receptor with ICs,
value of 3.09 nM and no AT, antagonist activity of 9h was
found at concentrations up to 107°M in radioligand
binding assay with bovine cerebellum (Table II, section
a). As shown in Table I, section b, 9h was selective, having
no effect on KCl, norepinephrine or serotonin actions up
to 107 6m.

In conclusion, we have developed a new class of potent
non peptide AII receptor antagonists with high selectivity
for AT;. Introduction of a methyl group and a chlorine
atom at positions 5 and 6 in 2-butyl 4-hydroxymethyl
pyridine derivatives increased the AII receptor antagonis-
tic activity and 9h (KT3-579 ) was about 10 times more
potent than Du Pont 753 in terms of pA, value. In vivo
pharmacological studies of KT3-579 are planned and will
be reported elsewhere.

Experimental

Melting points were determined on a Yanagimoto melting point
apparatus and are uncorrected. Infrared (IR) spectra were recorded on
a Hitachi 270-30. Proton nuclear magnetic resonance (* H-NMR) spectra
were measured at 90 MHz on a Hitachi R-90H Fourier-transform NMR
spectrometer. Chemical shifts are quoted in parts per million (ppm) with
tetramethylsilane as an internal standard. Coupling constants (J) are
given in Hz. The following abbreviations are used: s, singlet; d, doublet;
t, triplet; q, quartet; brs, broad singlet; dd, doublet of doublet; m,
multiplet. Mass spectra (MS) were taken on a Hitachi M-80B
spectrometer. Elemental analyses were within +0.4% of theoretical
values and were determined by a Hitachi 026 CHN analyzer. For column
chromatography, silica gel (Merck, Kieselgel 60, 70—230 mesh) was used.

2-Butyl-6-chloro-4-methyl-3-[[2’-(triphenylmethyltetrazol-5-yl)biphen-
yl-4-ylJhydroxymethyl]pyridine (4) (R, =Butyl, R, =Methyl, R;=H and
R =Chlorine Grignard reagent (prepared from Mg (5.6 mmol) and
5-(4-bromobiphenyl-2-yl)- N-(triphenylmethyl)tetrazole 3, 3.6 mmol)
was added to a solution of 1 (2.0 g,1.8 mmol) (R, =butyl, R, =methyl,
Rs=H and Rg=chlorine) in dry tetrahydrofuran (THF) (20ml) at
—78°C under the Ar atmosphere, and the mixture was stirred at — 78 °C
for 1.5h. The reaction mixture was poured into a saturated aqueous
ammonium chloride (NH,Cl) solution and extracted with ethyl acetate
(AcOEY). The extract was washed with brine, dried (Na,SO,) and
evaporated in vacuo. The resulting product was purified by silica gel
column chromatography [AcOEt-hexane (1 :3)] to give 0.82 g (63.8%)
of 4 as a colorless oil. "H-NMR (CDCl,) §: 0.85 (3H, t, J=6.2Hz),
1.05—1.80 (4H, m), 2.08 (3H, s), 2.33 (2H, m), 3.97 (2H, s), 6.78—7.90
(9H, m). MS (m/z): 620 (M * —56).

2-Butyl-6-chloro-4-methyl-3-[ [2'~(triphenylmethyltetrazol-5-yl)biphen-
yl-4-ylJchloromethyI]pyridine (5) (R,=Butyl, R,=Methyl, R,=H and
Rs=Chlorine) A mixture of 4 (2.8 g, 4.0 mmol) and SOCI, (10 ml) was
stirred at 60 °C for 0.5 h. The excess thionyl chloride (SOCI,) was removed
under vacuum and the residue was concentrated twice from toluene. The
resulting residue was dissolved in H,O and the solution was basified
with NaHCO; and extracted with AcOEt. The extracts were dried
(Na,S0,), filtered and evaporated in vacuo. The resulting product was
purified by silica gel column chromatography [AcOEt-hexane (1:3)]
to give 2.6 g (85.0%) of 5. 'H-NMR (CDCl,) 6: 0.89 (3H, t, J=6.2 Hz),
1.12—1.85 (4H, m), 2.03 (3H, s), 2.80 (2H, m), 6.41 (1H, s), 6.80—8.10
(24H, m). MS (m/z): 637 (M — 56).

2-Butyl-6-chloro-4-methyl-3-[[2’-(1 H-tetrazol-5-yl)biphenyl-4-yl]-
methyl]pyridine (9) (R,=Butyl, R,=Methyl, R;=H and R,=Chlo-
rine) Zinc dust (1.8 g) was added to a solution of 5 in AcOH (15ml).
After 5min, the same amount of zinc dust was added to the suspension
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and the mixture was stirred for 0.5h. The mixture was filtered and the
filtrate was evaporated in vacuo. A saturated aqueous NaHCOj solution
was added to the residue and the mixture was extracted with Et,0. The
extract was washed with brine, dried (Na,S0O,), filtered, and evaporated
in vacuo to give 2.2 g (100%) of crude 7. A solution of 7 (2.2 g, 3.4 mmol)
in 75% AcOH (50 ml) and THF (100 ml) was stirred at room temperature
for 4h. An excess 10% NaOH was added and the solvents were removed
in vacuo. The resulting residue was dissolved in water and the mixture
was filtered to removed the triphenylmethanol. The filtrate was adjusted
to pH 4.5 using concentrated HCl. The precipitate was recovered by
filtration and dried and the solvent was evaporated in vacuo. The resulting
product was purified by silica gel column chromatography [CHCl,] to
give 1.1g (75%) of 9b. mp 112—113°C. '"H-NMR (CDCl,) §: 0.85 (3H,
t, J=6.2Hz), 1.05—1.80 (4H, m), 2.08 (3H, s), 2.33 (2H, m), 3.97 (2H,
s), 6.78—7.90 (9H, m). MS (m/z): 417 (M*). IR (KBr): 3004, 2860, 2672,
1581em™1.

4,4-Dimethyl-2-(4-methoxyphenyl)-2-oxazoline (11) The title com-
pound was obtained by the reaction of 10 and 2-amino-2-methyl-1-
propanol according to the method of Meyers et al.¥

2-(4'-Methylbipheny!-2-yl)-4,4-dimethyloxazoline (2) 1,4-Dibromo-
benzene (23.5g, 106 mmol) was added to dropwise to a suspension of
magnesium metal (2.5 g, 103 mmol) in anhydrous THF (200 ml) at 20 °C.
Following the addition the mixture was stirred at 20°C until the
magnesium had entirely dissolved (1 h). The resulting reagent was added
to a solution of 11 (10.0g, 48.7mmol) in anhydrous THF (100m}) at
20°C, and the reaction mixture was stirred at 20 °C for 2h. It was then
poured into saturated aqueous NH,CI solution, and extracted with
AcOEt. The combined organic phases were dried (Na,SO,), then filtered,
and the solvent was evaporated off in vacuo. The resulting product was
purified by silica gel column chromatography [AcOEt-hexane (1: 1)] to
give 9.6g (60.0% ) of 2 as an oil. 'H-NMR (CDCl,) §: 1.26 (6H, s),
3.76 (2H, s), 7.12—7.80 (8H, m). MS (m/z): 330 (M*). IR (neat): 2956,
1656, 1473cm ™ L.

4’-Bromobiphenyl-2-carboxylic Acid (13) Compound 2 (23g, 0.07
mol) was taken up in S0 ml of 4.5 N HCL. After 12h at reflux, the reaction
mixture was cooled and extracted with Et,O. The organic solution was
dried (Na,SO,), and evaporated to give 15 g (78.7%) of 13 as a colorless
solid. MS (m/z): 277 M ™).

4’-Bromo-2-cyanobiphenyl (14) (Route A): 4'-Bromobiphenyl-2-
carboxylic acid (13) (2. 7g, 0.01 mmol) was added to 11.9 g of SOCl, and
the mixture was refluxed for 2h. The excess SOCl, was removed by
distillation and the residue was concentrated to yield 2.9 g (100%) of the
acid chloride. This was added dropwise manner to magnetically stirred
ammonia solution (50ml) at 0°C. The mixture was stirred at 0°C for
15 min, then H,O (100 ml) was added. The sturry was filtered and washed
with water to give 2.3g of the crude amide. The amide (2.3g) was
dissolved in SOCI, (3.0ml), and the resulting solution was stirred at
25°C for 1 h, then evaporated in vacuo. The resulting product was purified
by silica gel column chromatography [AcOEt-hexane (3:1)] to give 2.0 g
(90%) of 14 as a colorless liquid. MS (m/z): 258 (M ™).

(Route B): A solution of 2 (33.0g, 0.1 mmol) in 100 mi of pyridine at
10°C was treated dropwise with POCl; (172 ml, 0.2 mmol) such that the
reaction temperature did not exceed 15°C. The reaction mixture was
stirred at 100°C for 3h, then cooled to room temperature and the
emulsion was extracted with AcOEt. The combined organic phases were
washed with water and brine, dried (Na,SO,), filtered and evaporated
in vacuo. The resulting product was purified by silica gel column
chromatography [AcOEt-hexane (3:1)] to give 23.6g (92%) of 14 as a
colorless liquid. MS (m/z): 258 (M ™).

5-(4’-Bromobiphenyl-2-yl)-N-(triphenylmethyl)tetrazole (3) A solu-
tion of 14 (3.3g, 10mmol) and trimethyltin azide (8.2g, 40 mmol) in
35ml of toluene was refluxed for 72h, then cooled to 20°C, and 10N
aqueous NaOH solution (2.9 g, 10.5 mmol) and triphenylmethyl chloride
were added at 20 °C. The resulting mixture was stirred at 20 °C for 3 h.
Then, 100ml of water was added and the whole was extracted with
benzene (S0ml). The combined organic phases were dried (Na,SO,),
filtered and evaporated in vacuo. Recrystallization of the residue from
Et,0 gave 3 (4.3 g,80.0%) as a colorless solid. mp 132—134°C. '"H-NMR
(CDCl,) 8: 6.70—8.10 (23H, m). MS (m/z): 488 (M* —56).

General Method A for the Synthesis of 2,4,5-Trisubstituted 3-Pyri-
dinecarbaldehyde. 2-Methyl-3-pyridinecarbaldehyde (1a) Acrolein 16
(6 mi, 0.09 mol) was added over a period of 2h to a stirred solution of
ethyl-3-aminocrotonate 17 (10.5g, 0.08 mol) and piperidine in 250 ml
of anhydrous EtOH at 40-—50 °C. After the addition was complete, the
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solution was heated to reflux for 3 h, during which time the color changed
from yellow to brown. The solution was concentrated in vacuo. The
resulting product was purified by silica gel column chromatography
[AcOEt-hexane (1:1)] to give 14 g{94.0%) of 18. MS (m/z): 167 (M T).

A solution of 1.0N ceric ammonium nitrate/H,O (100 ml) was added
dropwise to a solution of 18 (4.2 g, 25.0 mmol) in 200 ml of acetone at
0°C to maintain the temperature at 0—5°C for 40 min. The resulting
solution was stirred at 0° for 20min. The solvent was removed by
evaporation in vacuo and the residue was dissolved in CHCl, (300 ml).
This solution was washed with saturated NaHCO; (150ml), and
saturated NH,Cl, dried (Na,SO,), and evaporated in vacuo. The resi-
due was distilled to give 1.1g (26.8%) of 19 as a yellow oil (bp
68—70°C/3 mmHg). (R, =Me, R,=R;=H). 'TH-NMR (CDCl;) §: 1.40
(3H, t, /=7.2Hz), 2.83 (3H, s), 4.38 (2H, q, /=7.2Hz), 7.19 (IH, q),
8.18 (1H, dd), 8.60 (1H, q). MS (m/z): 165 (M ).

Lithium aluminum hydride (LiAIH,) (0.46 g) was dissolved in 50ml
of absolute THF and added in a dropwise manner to a stirred solution
of 19 (1.0 g, 6.05 mmol) in 10ml of THF at 0 °C. The mixture was stirred
at 0°C for 2h. Excess LiAlH, was destroyed with AcOEt, 10m] of a
mixture of ice and water was added, and the THF was removed by
distillation. The precipitate of AI(OH), was filtered off and the resulting
emulsion was extracted with AcOEt. The combined organic phases were
dried (Na,S0,), filtered, and evaporated in vacuo. The resulting product
was purified by silica gel column chromatography [AcOEt-hexane (1:1)]
to give 0.71 g (74.6%) of 3-hydroxymethylpyridine. ‘H-NMR (CDCl,)
8:2.49 (3H, s), 4.00 (1H, s), 4.70 (2H, s) ,7.18 (1H, q), 7.7 (1H, dd),
8.30 (1H, dd). MS (m/z): 123 (M ™).

A suspension of 61.6g (0.71mol) of freshly prepared MnO, in a
solution of 4.85g (39.4mmol) of 3-hydroxymethylpyridine in 50ml of
CHCI, was stirred at reflux for 5h. The mixture was filtered, and the
oxide was washed with five 10 ml portion of Et,0. The combined filtrate
and washing were evaporated in vacuo. The resulting product was purified
by silica gel column chromatography [CHCl;-MeOH (15:1)] to give
3.6g (66.7%) of 1a as a colorless oil. "H-NMR (CDCl,) §: 2.90 (3H,
s), 7.33 (1H, q), 8.13 (1H, dd), 8.65 (1H, dd), 10.35 (1H, s). MS (m/z):
121 (M*).

2,4-Dimethyl-3-pyridinecarbaldehyde (1b) 'H-NMR (CDCl,) §: 2.63
(3H, s), 2.84 (3H, s), 7.10 (1H, d), 8.50 (1H, d), 10.65 (1H, 5). MS (m/z):
151 (M™).

4-Ethyl-2-methyl-3-pyridinecarbaldehyde (1) *H-NMR (CDCl,) §:
1.25 (3H, t, J=6.8 Hz), 2.81(3H, s), 3.05 (2H, q, J=6.8 Hz), 7.16 (1H,
d), 8.49 (1H, d),- 10.62 (1H, s). MS (m/z): 149 (M ).

2-Methyl-4-propyl-3-pyridinecarbaldehyde (1d) 'H-NMR (CDCl,) §:
0.83 (3H, t, J=6.2Hz), 1.40—1.91 (2H, m), 2.65—3.10 (5H, m), 7.10
(1H, d), 8.49 (1H, d), 10.60 (1H, s). MS (m/z): 179 (M ™).

4-Methyl-2-propyl-3-pyridinecarbaldehyde (1e) 'H-NMR (CDCL,) 6:
1.01 (3H, t, J=6.2Hz), 1.57—1.95 (2H, m), 2.60 (3H, s), 3.12 H, t,
J=62Hz), 7.07 (1H, d), 8.51 (1H, d), 10.60 (1H, s). MS (m/z): 163
(MH).

2-Butyl-4-methyl-3-pyridinecarbaldehyde (1f) 'H-NMR (CDCl,) §:
0.91 (3H, t, J=6.1Hz), 0.99—1.80 (4H, m), 2.60 (3H, s), 3.13 (2H, q,
J=6.1Hz), 7.06 (1H, d), 8.50 (1H, d), 10.61 (1H, s). MS (m/z): 177
MH).

4-Methyl-2-penty)-3-pyridinecarbaldehyde (1g) !'H-NMR (CDCl,) §:
0.90 3H, t, J=6.3Hz), 1.17—1.90 (6H, m), 2.60 (3H, s), 8.50 (1H, d),
10.60 (1H, s). MS (m/z): 191 (M ™).

General Method B for the Synthesis of 4,6-Trisubstituted Pyridine-3-
carbaldehyde. 6-Methyl-4-propyl-3-pyridinecarbaldehyde (2a) (R,=n-
Propyl, Ro=Methyl) n-Propylmagnesium bromide (n-PropylMgBr)

‘prepared from I-bromopropane (2.1ml, 23.0mmol) and magnesium

(0.61g) in THF, was added to Cul (0.12g) and dry THF (40ml) in a
100 ml flask at —20°C under Ar, and the mixture was stirred for 0.5h
at this temperature. It was then cooled to —78°C and transferred to a
suspension of 3-[(rers-butyl-dimethylsilyl)oxymethyl-6-methylpyridine
20 (5.0g, 21.0mmol) and ethyl chloroformate (2.0ml, 21.0mmol ) in
THF. The mixture was allowed to warm slowly to room temperature
with stirred. After the reaction mixture was stirring. Stirring was
continued for 3h at room temperature, then aqueous 5% NaHCO, was
added and the THF was evaporated off under reduced pressure. The
product was extracted with Et,O and the solution was dried (Na,SO,),
filtered, and evaporated in vacuo. The resulting product was purified by
silica gel column chromatography [AcOEt-hexane (1:10)] to give 3.5g
(47.1%) of 21.

A solution of 21 (3.5g, 9.9 mmol), (»-Bu),NF/THF in 50 m! of THF
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was stirred at 20°C for 3h. THF was evaporated off in vacuo. The
product was extracted with AcOEt and the solution was dried (Na,SO,),
filtered and evaporated to provide the crude product. This was placed
in a flask and stirred for 6 h under a stream of oxygen. Then the product
was extracted with CH,Cl, and the combined extracts were dried
(Na,S0,), filtered and evaporated in vacuo. The resulting product was
purified by silica gel column chromatography [AcOEt-hexane (1:1)]
to give 440mg of 22. '"H-NMR (CDCl,) é: 1.0 3H, t, J=6.8Hz),
1.52—1.77 (2H, m), 2.11 (1H, brs), 4.69 (2H, s), 6.98 (1H, s), 8.32 (1H,
). MS (m/z): 165 (M ™).

A suspension of 2.5g (29.0 mmol) of freshly prepared MnO, in a
solution of 0.48 g (2.90 mmol) of 3-hydroxymethylpyridine (22) in 30 ml
of CHCIl; was stirred at reflux for 2.5h. The mixture was filtered, and
the oxide was washed with five 10 ml portion of Et,O. The combined
filtrate and washing were evaporated in vacuo. The resulting product was
purified by silica gel column chromatography [AcOEt-hexane (3:1)]
to give 0.38 mg (80.1%) of 2a as a colorless oil. 'H-NMR (CDCl,) §:
1.01 (3H, t, J=6.8Hz), 2.60 (3H, s), 2.91 (2H, t, J=6.8Hz), 7.07 (1H,
s), 8.82 (1H, s), 10.22 (1H, s). MS (m/z): 163 (M ™).

General Method C for the Synthesis of 2,4,6-Trisubstituted Pyridine-
3-carbaldehyde. 2-Butyl-6-chloro-4-methyl-3-pyridinecarbaldehyde (3a)
(R,=Butyl, R,=Methyl, R,=Chlorine) A solution of m-chloro-
perbenzoic acid (1.7 g, 9.9 mmol) in CHCI; (23 ml) was added dropwise
to a solution of 23 (2.0g, 9.0mmol) in CHCl; (15ml) at room
temperature. After the addition was completed, the reaction mixture was
stirred at the same temperature for 4 h. The resulting mixture was washed
with saturated NaHCO;, and the aqueous layer was further extracted
with CHCI;. The organic extracts were combined, washed with brine,
dried (Na,SO,) and evaporated in vacuo. The resulting product was
purified by silica gel column chromatography [CHCl;~MeOH (30:1)]
to give 1.50 g (73.7%) of 24 as a colorless oil. 'H-NMR (CDCl,) 6: 1.03
(3H,t, J=6.8Hz), 1.42 (3H, t, J=7.2Hz), 1.21—1.78 (4H, m), 2.28 (3H,
s), 2.84 2H, q, J=6.8Hz), 4.47 (2H, q, /=7.2Hz), 7.00 (1H, d), 8.18
(1H, d). MS (m/z): 273 (M ™).

Compound 24 (200 mg, 0.84 mmol) was added to 3.0ml of POCl; and
the mixture was refluxed for 2h. Excess POCl; was removed by
distillation, and the residue was concentrated and extracted with AcOEt.
The organic extracts were combined, washed with brine, dried (Na,SO,)
and evaporated in vacuo. The resulting product was purified by silica gel
column chromatography [AcOEt] to give 42 mg (42.7%) of 25. 'H-NMR
(CDCLy) 8: 1.01 3H, t, J=6.8Hz), 1.40 (3H, t, J=7.2Hz), 1.24—1.70
(4H, m), 2.30 (3H, s), 2.69 (2H, q, J=6.8 Hz), 4.46 (2H, q, J=7.2Hz),
7.02 (1H, s). MS (m/z): 254 (M ™").

A solution of LiAIH, (0.34 g, 9.0 mmol) in 20 m! of absolute THF was
added dropwise with stirring to a solution of 25 (1.1g, 4.5mmol) in
10ml of THF at 0°C. The mixture was stirred at 20 °C for 2h. Excess
LiAlH, was destroyed with AcOEt, then 10ml of a mixture of ice and
water was added, and the THF was removed by distillation. The
precipitate of AI(OH); was filtered off and the resulting emulsion was
extracted with AcOEt. The combined organic phases were dried
(Na,S0,), filtered and evaporated to provide 0.79 mg (82.9%) of the
crude 3-hydroxymethyl pyridine.

A suspension of freshly prepared MnO, (5.8 g) in a solution of the
above product (460 mg, 2.2 mmol) in 50 ml of CHCl; was stirred at reflux
for 5h. The mixture was filtered, and the oxide was washed with five
10ml portion of Et,O. The combined filtrate and washing were
evaporated in vacuo. The resulting product was purified by silica gel
column chromatography [AcOEt-hexane (1:20)] to give 0.4g (87.8%)
of 3a as an oil. 'H-NMR (CDCl;) é: 0.92 (3H, t, J=6.8 Hz), 1.29—1.71
(44, m), 2.57 (3H, s), 3.10 (2H, t, J=6.8 Hz), 7.08 (1H, s), 10.53 (1H,
). MS (m/z): 211 (M™).

General Method D for the Synthesis of 2,4,5,6-Tetrasubstituted
Pyridine-3-carbaldehyde. 2-Butyl-4-benzyloxymethyl-6-methyl-3-pyridine-
carbaldehyde (4a) (R, =Butyl, R, =Benzyloxymethyl, R, =Methyl) A
slurry of the enone 27 (6.37 g, 33.5 mmol) and ethyl valeryl acetate (11.5 g,
67.0mmol) in absolute EtOH (100 ml) was treated with a solution of
EtONa in EtOH. The mixture was stirred at room temperature for 4 h,
concentrated to S0ml and partitioned between 50% saturated NH,Cl
and Et,0. The layers were separated and the Et,O layer was washed
with H,O, and brine, dried (Na,SO,), filtered and evaporated in vacuo.
The resulting product was purified by silica gel column chromatography
[AcOEt-hexane (1:10)] to give 10.2g (88.7%) of 28.

A mixture of 28 (8.7 g, 24.1 mmol), AcONH, (5.7 g, 72.2 mmol), and
Cu(OAc), (12.0g, 60.2 mmol) in glacial AcOH (100 ml) was refluxed for
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6h. The solution was cooled to room temperature and subsequently
poured into an ice-cold mixture of concentrated NH,OH (110 ml). The
mixture was extracted with Et,O (300 ml), and Et,O solution was washed
with brine, dried (Na,SO,) and evaporated in vacuo. The resulting
product was purified by silica gel column chromatography [AcOEt-hex-
ane (1:10)] to give 2.0g (25.0%) of 30 as a colorless oil. *H-NMR
(CDCl,) 0: 092 (3H, t, J=6.8 Hz), 1.32 (3H, t, J=7.0Hz), 1.20—1.90
(4H, m), 2.54 (3H, s), 4.31 (2H, q, /J=7.0Hz), 4.54 (2H, s), 7.11 (1H,
s), 7.33 (SH, s). MS (m/z): 341 (M™).

Compound (1d) was prepared in a similar manner (C, D) from 30.
'"H-NMR (CDCl,;) é: 0.96 (3H, t, J=6.8 Hz), 1.10-—2.00 (4H, m), 2.61
(3H, s), 3.16 (2H, t, J=6.8 Hz), 4.68 (2H, s), 4.93 (2H, d), 7.37 (5H, s),
10.5 (1H, s). MS (m/z): 397 M ™*).

4-Acetoxymethyl-2-butyl-3-[(2’-carbmethoxybiphenyl-4-yl)methyl]-
pyridine(32), 5-Acetoxy-2-butyl-4-methyl-3-[(2’-carbmethoxybiphenyl-4-
yDmethyl]pyridine(33) A mixture of the N-oxide 31 (0.35 mmol), Ac,O
(3.6 ml) and AcOH (15 ml) was heated at 120 °C for 2 h. The excess Ac,0O
and other volatile materials were removed in vacuo. The residue was
extracted with AcOEt. The organic extracts were combined, washed with
brine, dried (Na,SO,) and evaporated in vacuo to give a mixture of 32
and 33. The mixture was separated by silica gel column chromatography
[AcOEt-hexane (1:3)] to give 70mg (48%) of the 4-acetyl methyl
product 32 and 50 mg (35%) of the 5-acetoxy product 33. 32: 'H-NMR
(CDCl,) 6: 0.92 3H, t, J=6.2Hz), 1.15—1.90 (4H, m), 2.11 (3H, s),
2.38 (3H, s) 2.75 (2H, t, J=6.2 Hz), 3.65 (3H, s), 4.16 (2H, s), 6.85—8.30
(9H, m). 33: 'H-NMR (CDCl;) é: 0.89 (3H, t, J=6.2Hz), 1.15—2.00
(4H, m), 2.02 3H, s), 2.76 (2H, t, J=6.2Hz), 3.62 (3H, s), 4.14 (2H, s),
5.06 (2H, s), 6.95—8.53 (10H, m).

2-Butyl-4-hydroxymethyl-3-[ (2’-carbbiphenyl-4-yl)methyl]pyridine (8h)
A solution of 32 (70 mg, 0.16 mmol) in 5ml of MeOH and 2ml of 10%
NaOH was refluxed for 5h. After cooling, the reaction mixture was
filtered, and evaporated in vacuo. The residue was dissolved in water,
and the solution was acidified to pH 4.5 with 10% HCI. The precipitated
solid was recovered by filtration and recrystallized from iso-propyl
alcohol (IPA) to afforded 8h (40mg, 66.0%). mp 178—179.5°C. *H-
NMR (CDCl,) é: 0.75 (3H, t, J=6.2Hz), 0.89—1.60 (4H, m), 2.16—
2.30 (2H, t, J=6.2 Hz), 4.01 (2H, s), 4.58 (2H, s), 6.94—8.50 (12H, m).
MS (m/z): 375 (M*). IR (KBr): 2854, 2722, 1446 cm ™ *.

5-Acetoxy-2-butyl-4-methyl-3-[ (2’-carbbiphenyl-4-yl)methyl]pyridine
(8)) The title compound was obtained from 32 by a procedure similar
to that described for 8h. A colorless solid, 30mg, (68.9%), mp
242—244°C. 'H-NMR (CDCl,) §: 0.92 (3H, t, J=6.2Hz), 1.10—1.90
(4H, m), 2.18 (3H, s), 2.75 (2H, t, J=6.2Hz), 4.12 (2H, s), 7.00—7.95
(8H, m), 8.06 (1H, s). MS (m/z): 375 (M ™). IR (KBr): 2944, 1548, 1461,
1390cm ™1, .

2-Butyl-5-methoxy-4-methyl-3-[ (2’-carbbiphenyl-4-yl)methyl]pyridine
(81) A solution of CH,N, (240 mg, 5.7 mmol) in Et,O (30 ml) was added
dropwise to a solution of 8k (0.7g, 1.9mmol) in THF (30ml) at 0°C.
After the addition was completed, the reaction mixture was stirred
at room temperature for 4h. The solvent was removed in vacuo and
the residue was subjected to column chromatography on silica gel
[hexane—AcOEt (1:1)]to give 0.4 g (54.8%) of the 5-methoxy pyridine.

A solution of the 5-methoxy pyridine (60 mg, 0.15mmol) in MeOH
(5ml) and 10% NaOH (2ml) was refluxed for 5h. After cooling, the
reaction mixture was filtered and the solvent was removed in vacuo. The
residue was dissolved in water and the solution was acidified to pH 4.5
with 10% HCL. The residue was extracted with CHCIl;. The organic
extracts were combined, washed with brine, dried (Na,SO,) and
evaporated in vacuo. The resulting product was purified by silica gel
column chromatography [AcOEt] to give 55 mg (94.9%) of 81. 'H-NMR
(CDCly) 6: 0.78 (3H, t, J=6.2Hz), 1.13—1.70 (4H, m), 2.21 (3H, s),
3.87 (3H, s) 2.75 (2H, t, J=6.2Hz), 4.12 (2H, s), 6.78—7.98 (8H, m),
8.24 (1H, s). MS (m/z): 389 (M *) IR (K Br): 2920, 1707, 1460, 1290 cm ™ .

2-Methyl-3-[(2’-carbbiphenyl-4-yl)methyl]pyridine (8a) 'H-NMR
(CDCly) 4: 2.21 (3H, s), 4.0 2H, s), 6.90—8.59 (11H, m), 9.18 (1H,d).
MS (m/z): 303 (M™*). IR (KBr): 1686, 1851, 1446, 1290 cm ™!,

2,4-Dimethyl-3-[(2’-carbbiphenyl-4-yl)methyl]pyridine (8b) H-NMR
(CDCl,) 6: 2.26 (3H, s), 2.42 (3H, s), 4.09 (2H, s), 6.93—8.27 (10H, m).
MS (m/z): 316 (M ™). IR (KBr): 3418, 1941, 1689, 1599, 1443 cm™!.

4-Ethyl-2-methyl-3-[(2’-carbbiphenyl-4-yl)methyl]pyridine (8c) ‘H-
NMR (CDCly) é: 1.15 (3H, t, J=7.2Hz), 2.42 (3H, s), 2.80 (2H, t,
J=72Hz), 4.12 (2H, s), 6.92—=8.33 (10H, s). MS (m/z) 330 (M*). IR
(KBr): 3448, 1677, 1602 cm ™.

2-Methyl-4-propyl-3-[(2’-carbbiphenyl-4-yl)methyl]pyridine (8d) *H-
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NMR (CDCl,) é: 1.02 (3H, t, J=7.0Hz), 1.50—1.83 (2H, m), 2.52 (3H,
s), 2.81 (2H, t, J=7.0Hz), 4.26 (2H, s), 6.99—8.34 (10H, m). MS (m/z):
345 (M™*). IR (KBr): 2950, 1689 cm™*.

4-Methyl-2-propyl-3-[(2’-carbbiphenyl-4-y)methyl]pyridine (8¢) 'H-
NMR (CDCl,) 6:0.79 (3H, t, J=7.0Hz), 1.25—1.70 (2H, m), 2.51 (2H,
t, J=7.0Hz), 4.09 (2H, s), 6.87—8.52 (10H, m). MS (m/z): 345 M *).
IR (KBr): 3004, 2956, 2866, 1704 cm™*.

4-Methyl-2-pentyl-3-[(2’-carbbiphenyl-4-yl)methylpyridine (8g) 'H-
NMR (CDCl,) §: 0.85 (3H, t, J=6.8 Hz), 1.21—1.78 (4H, m), 2.46 (3H,
s), 3.21 2H, t, J=6.8 Hz), 4.19 (2H, s), 7.19—8.53 (9H, m). MS (m/z):
373 (M™). IR (KBr): 3032, 2916, 2688, 1710, 1620 cm ™~ *.

6-Methyl-4-propyl-3-[(2’-carbbiphenyl-4-yl)methyl]pyridine (8i) 'H-
NMR (CDCl,) é: 1.01 (3H, t, J=7.0Hz), 1.36—1.70 (2H, m), 2.51 (3H,
s), 2.59 2H, t, J=7.0Hz), 4.04 (2H, s), 7.00—7.71 (10H, m). MS (m/z):
345 (M*). IR (KBr): 2950, 1602, 1548 cm ™.

Ethyl 2-Butyl-4,5-dimethylnicotinate-V-oxide (34) A solution of
mCPBA (3.00g, 16.91 mmol) in CHCI; (50 ml) was added dropwise to
a solution of 19 (2.60g, 11.34mmol) in CHCl; (10ml) at room
temperature. After the addition was completed, the reaction mixture was
stirred at the same temperature for 4 h. The resulting mixture was washed
with saturated NaHCO;, and the aqueous layer was further extracted
with CHCl,. The organic extracts were combined, washed with brine,
dried (Na,SO,) and evaporated in vacuo. The resulting product was
purified by silica gel column chromatography [CHCl;-MeOH (1:10)]
to give 3.05g (98.3%) of 34. 'H-NMR (CDCl;) §: 0.80—1.10 (3H, m),
1.41 (3H, t, J=7.3Hz), 1.10—1.80 (4H, m), 2.16 (3H, s), 2.19 (3H, s),
2.70—2.76 (2H, t, J=7.3Hz), 4.43 (2H, q, J=7.3Hz), 8.09 (1H, s). MS
(m/2): 251 (M™).

Ethyl 2-Butyl-6-chloro-4,5-dimethylnicotinate (35) The title com-
pound was obtained from 34 by a procedure similar to that described
for 23. 'H-NMR (CDCl;) 4: 0.80—1.10 (3H, m), 1.45 (3H, t, J=7.3 Hz),
1.15—1.85 (4H, m), 2.22 (3H, s), 2.35 (3H, s), 2.56 (2H, t, J=7.3Hz),
4.56 (2H, q, J=7.3Hz). MS (m/z): 271 (M™*).

2-Butyl-6-chloro-4,5-dimethyl-3-pyridinecarbaldehyde (36) The title
compound was obtained from 35 by a procedure similar to that described
for 25. 'H-NMR (CDCl;) §: 0.80—1.03 (3H, t, J=7.0Hz), 1.15—1.85
(4H, m), 2.38 (3H, s), 2.91 (3H, s) 2.87—3.10 (3H, t, /=7.0Hz), 10.54
(1H, s). MS (m/z): 227 (M*).

2-Butyl-6-chloro-4,5-dimethyl-3-[4,4-dimethyl-2-(4'-methylbiphenyl-
2-yl)oxazolylJpyridine (37) The title compound was obtained from 36
by a procedure similar to that described for 6. 'H-NMR (CDCl;) 9:
091 (3H, t, J=6.2Hz), 1.25 (6H, s), 1.10—1.85 (4H, m), 2.10 (3H, s)
2.42 (3H, s), 3.04 (2H, t, J=8.1Hz), 4.15 (2H, s), 6.95—7.80 (8H, m).
MS (m/z): 404 (M ™).

2-Butyl-6-chloro-4,5-dimethyl-3-[ (2’-cyanobiphenyl-4-yl)methyl]-
pyridine-N-oxide (38) A solution of 37 (3.18 g, 6.90 mmol) in 10ml of
pyridine at 10°C was treated dropwise with POCl; (1.3 ml) such that
the reaction temperature did not exceed 15 °C. The reaction mixture was
stirred at 100°C for 3 h, cooled to room temperature. The reaction was
quenched by addition of water, and the resulting emulsion was extracted
with AcOEt. The extract was washed with brine, dried (Na,SO,) and
evaporated in vacuo. The resulting product was purified by silica gel
column chromatography [AcOEt-hexane (1:3)] to give 2.27 g (93.1%)
of the 2'-cyanobiphenyl.

A solution of mCPBA (0.80 g, 4.64 mmol) in CHCI; (40 ml) was added
dropwise to a solution of the 2'-cyanobiphenyl (1.20g, 3.04mmol) in
CHCl, (15ml) at room temperature. After the addition was completed,
the reaction mixture was stirred at the same temperature for 4h. The
resulting mixture was washed with saturated NaHCO,, and the aqueous
layer was further extracted with CHCIl,;. The organic extracts were
combined, washed with brine, dried (Na,SO,) and evaporated in vacuo.
The resulting product was purified by silica gel column chromatography
[CHCl,-MeOH (30: 1)] to give 0.92 g (73.7%) of 38. 'H-NMR (CDCl,)
8: 0.91 (3H, t, J=6.2Hz), 1.00—1.85 (4H, m), 2.20 (3H, s), 2.42 (3H,
s), 3.04 (2H, t, J=8.1Hz), 4.15 (2H, s), 6.95—7.80 (8H, m). MS (m/z):
404 (M ).

4-Acetoxymethyl-2-butyl-6-chloro-5-methyl-3-[ (2’-cyanobiphenyl-
4-yDmethyl]pyridine (39) A mixture of the N-oxide 38 (0.92g,
2.28 mmol), Ac,O (20ml) and AcOH (20 ml) was stirred at 120°C for
2h. The excess Ac,O and other volatile materials were removed by rotary
evaporation and the residue was extracted with AcOEt. The organic
extracts were combined, washed with brine, dried (Na,SO,) and
evaporated in vacuo. The resulting product was purified by silica gel
column chromatography [AcOEt-hexane (1:8)] to give 0.45g (44.3%)
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of 39 as a colorless oil. *H-NMR (CDCl;) é: 0.88 (3H, t, J=6.4Hz),
1.05—1.85 (4H, m), 1.85 (3H, s), 2.44 (3H, s), 2.77 (2H, t, /=9.0Hz),
421 (2H, s), 5.08 (2H, s), 6.95—7.80 (3H, m). MS (m/z): 446 (M*).

2-Butyl-6-chloro-4-hydroxymethyl-5-methyl-3-[(2’-cyanobiphenyl-4-
yDmethyl] pyridine (40) A catalytic amount of 10% K,CO; was added
to a solution of 39 (0.45 g, 1.00 mmol) in MeOH (10 ml) and the mixture
was stirred for 1.5h. After addition of H,O to the mixture and
neutralization with 10% HC], the solution was extracted with CHCl,;.
The organic extracts were combined, washed with brine, dried (Na,SO,4)
and was evaporated in vacuo. The resulting product was purified by
silica gel column chromatography [AcOEt-hexane (1:2)] to give 0.38 g
(94.1%) of 40 as a colorless oil. 'H-NMR (CDCl;) é: 0.87 (3H, t,
J=6.4Hz), 1.10—1.80 (5H, m), 2.47 (3H, s), 2.76 (2H, t, J=8.6Hz),
4.24 (2H, s), 4.56—4.70 (2H, brs), 7.00—7.80 (3H, m). MS (m/z): 404
M)

2-Butyl-6-chloro-4-hydroxymethyl-5-methyl-3-[ [ 2’-(1 H-tetrazol-5-yl)-
biphenyl-4-ylJmethyl]pyridine (9h) A solution of 40 (0.38 g, 0.94 mmol)
and trimethyltin azide (0.77 g, 3.76 mmol) in 50 ml of toluene was refluxed
for 20 h. The mixture was cooled to room temperature, then filtered and
the solvent was evaporated in vacuo. The residue was dissolved in
CH,Cl,~-MeOH-NH; (10ml, 5:3:1, v/v) and the mixture was stirred
for 0.5h. The solvent was removed by a rotary evaporator and column
chromatography on silica gel [CHCl;-MeOH (30:1)] gave 0.21g
(50.0%) of 9h as a white solid. 'H-NMR(CDCl; + CD,0D) é: 0.87 (3H,
t, J=6.4Hz), 1.10—1.78 (5H, m), 2.47 (3H, s), 2.76 (2H, t, J=6.4Hz),
3.91 (2H, brs), 4.17 (2H, s), 7.56 (2H, s), 6.82—7.80 (8H, m). MS (m/z):
447 (M™*). IR (KBr): 2944, 2854, 2404, 1596 cm™ 1.

2-Butyl-4-methyl-3-[[2’-(1 H-tetrazol-5-yl)biphenyl-4-yl Jmethyl]pyri-
dine (9a) 'H-NMR (CDCIl;) é: 0.85 (3H, t, J=6.4Hz), 1.00—1.70
(4H, m), 2.00 (3H, s), 2.35 (2H, t, J=6.4Hz), 3.90 (2H, s), 6.60—7.90
(10H, m). MS (m/z): 383 (M*). IR (KBr): 2950, 2920, 2860, 1596
cm™L

2-Butyl-6-chloro-4-methyl-3-[[2’-(1 H-tetrazol-5-yl)biphenyl-4-yl]-
methyl]pyridine (9b) 'H-NMR (CDCl,) é: 0.85 (3H, t, J=6.4Hz),
1.05—1.80 (4H, m), 2.08 (3H, s), 2.33 (2H, t, J=6.4Hz), 3.97 (2H, s),
6.78—7.90 (9H, m). MS (m/z): 417 (M ™). IR (KBr): 3004, 2950, 2860,
2693 cm ™.

2-Butyl-4,5-dimethyl-3-[[2’-(1 H-tetrazol-5-yl)biphenyl-4-ylJmethyl]-
pyridine (9¢) 'H-NMR (CDCl,) é: 0.86 (3H, t, J=6.4 Hz), 1.00—1.80
(4H, m), 2.11 (3H, s), 2.21 (3H, s), 2.68 (2H, t, J=6.4Hz), 3.45 (1H, s),
4.06 (2H, s), 6.75—7.85 (8H, m), 7.87 (1H, s). MS (m/z): 397 (M™*) . IR
(KBr): 2944, 2854, 2404, 1596 cm™*.

2-Butyl-6-chloro-4,5-dimethyl-3-[ [ 2’-(1 H-tetrazol-5-yl)biphenyl-4-yl |-
methyl]pyridine (9d) 'H-NMR (CDCl,) é: 0.88 (3H, t, J=6.4Hz),
1.00—1.80 (4H, m), 2.16 (3H, s), 2.34 (3H, s), 2.75 (2H, t, J=6.4Hz),
4.06 (1H, s), 4.18 (2H, s), 6.80—7.75 (8H, m). MS (m/z): 431 (M*). IR
(KBr): 2944, 2854, 2718, 1563 cm™*.

2-Butyl-4-hydroxymethyl-3-[[2’-(1 H-tetrazol-5-yl)biphenyl-4-yl]-
methyl]pyridine (9¢) 'H-NMR (CDCl;+CD,0D) é: 0.90 (3H, t,
J=6.4Hz), 1.00—1.78 (4H, m), 2.81 (2H, t, J=6.4 Hz), 4.01 (2H, 5), 4.50
(2H, s), 6.77—7.76 (9H, m), 8.32 (1H, s). MS (m/z): 399 (M *). IR (KBr):
3352, 2920, 2854, 2434, 1596 cm 1.

2-Butyl-4-hydroxymethyl-6-chloro-3-[ [ 2’-(1 H-tetrazol-5-yl)biphenyl-
4-ylmethyl]pyridine (9f) 'H-NMR (CDCl,) 6:0.87 (3H, t, J=6.4 Hz),
1.10—1.72 (4H, m), 2.52 (2H, t, J=6.4Hz), 3.95 (2H, s), 4.50 (2H, s),
6.75—7.87 (9H, m). MS (m/z): 433 (M *). IR (KBr): 3330, 2944, 1730,
1578, 1380 cm ™ 1.

2-Butyl-4-hydroxymethyl-5-methyl-3-[[2’-(1 H-tetrazol-S-yl)biphenyl-
4-yllmethyl]pyridine (9g) 'H-NMR (CDCl;+CD,0D) é: 0.85 (3H,
t, J=6.4Hz), 1.00—1.75 (4H, m), 2.40 (3H, s), 2.65 (2H, t, J=6.4Hz),
421 (2H, s), 4.57 (2H, ), 6.70—7.80 (8H, m), 8.18 (1H, s). MS (m/z):
413 (M™*). IR (KBr): 2944, 2854, 2080, 1602 cm ™~ !.

2-Butyl-4-cyanomethyl-3-[[2’-(1 H-tetrazol-5-yl)biphenyl-4-ylJmethyl]-
pyridine (9)) !'H-NMR (CDCI; +CD,0D) §: 0.95 (3H, t, J=6.4Hz),
1.10—1.82 (4H, m), 2.85 (2H, t, /=6.4Hz), 3.68 (2H, s), 4.11 (2H, s),
6.80—7.13 (4H, m), 7.17—38.45 (6H, m). MS (m/z): 408 (M*). IR (KBr):
2914, 2428, 2250, 1941, 1590 cm™1.

2-Butyl-4-hydroxymethyl-6-methyl-3-[ [2'-(1 H-tetrazol-5-yl)biphenyl-
4-yl)methyl]pyridine (9)) 'H-NMR (CD,0D)é:0.90 3H, t,J=6.4 Hz),
1.00—1.70 (4H, m), 2.64 (3H, s), 2.83 (2H, t, J=6.4Hz), 4.09 (2H, s),
6.80—7.70 (9H, m). MS (m/z): 413 (M*). IR (KBr): 2944,
1653 cm™ 1.

AIl Receptor Binding Assay Binding assay for AT, receptor in rat
liver membranes or for AT, receptor in bovine cerebellar membranes

NII-Electronic Library Service



September 1994

were performed using a commercial assay Kit (DuPont-NEN, Boston,
MA, U.S.A). [*2°T]Sar!,lle®-AIl (17pm) and ['2STJAII (74 pM) were
used for AT, and AT, receptor binding assay, respectively. The test
compounds (25 ul) and the radioligands (25 ul) were added to test tubes.
Membrane fractions (200 ul) for each receptor binding assay were then
added to initiate the binding reaction. Incubation was performed for 3h
at 27°C (AT, receptor binding assay) or for 1h at 37°C (AT, receptor
binding assay). After incubation, the reaction was terminated by the
addition of 3 ml of ice-cold 0.9% saline. To separate the bound and free
radioactivity, the reaction mixtures were immediately filtered under
pressure through glass-fiber GF/C filters (Whatman Inc., Tokyo, Japan)
presoaked with filter soak solution, and each tube and filter was rinsed
twice with ice-cold 0.9% saline. The radioactivity trapped on the filters
was counted using a gamma counter (ARC-300 ; Aloka, Tokyo, Japan).
Nonspecific binding of [12°I]Sar?, Ile®-All to the receptor was estimated
in the presence of 10~ 5M unlabeled AII. The inhibitory concentration
of test compound that gave a 50% inhibition of the specific binding of
AII(IC,,) was determined by regression analysis of displacement curves.

Effects on AII Contractile Responses in Isolated Rabbit Aorta Tho-
racic aorta was isolated from male New Zealand White rabbits
(2.7—3.2kg, Tokyo Laboratory Animals Science Inc., Tokyo, Japan).
The aorta was cleaned of connective tissue and adherent fat and cut into
3 mm ring segments. Opened ring preparations were used in the present
study. The vascular endothelium was removed by gently rubbing the
intimal surface of the blood vessel with cotton wool. Preparations were
mounted vertically in organ baths containing 10ml of Krebs—Ringer
solution (NaCl, 120.3; KCl, 4.8; MgSO,-7H,0, 1.3; KH,PO,, 1.2;
CaCl, 2H,0, 1.2; NaHCO;, 24.2 and glucose, 5.5 mM) maintained at
37°C and bubbled with a 95% O,+5% CO, gas. Under the resting
tension of 1.5 g, isometric tension changes were recorded on a polygraph
(Nihon Kohden, Tokyo, Japan) through a force displacement transducer
(T7-30-240; Orientec, Tokyo, Japan). After a 1.5h equilibration period,
the cumulative concentration-response curve for AIl was constructed
by the method of stepwise addition of the agonist. Then, AIT was washed
out repeatedly for 1 h. Tissues were incubated with various concentrations
of compounds for 20 min and the concentration-response curve for All
was again obtained. Responses were expressed as a percentage of the
maximum response in the first concentration-response curve for AIL To
measure the potency of the antagonist, the pA, values were determined
from Schild plots using the least squares method. The effects of KT3-579
on the contractile responses of rabbit aorta induced by KCl, nor-
epinephrine and serotonin were also examined.
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