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Synthesis of [[(Benzenesulfonamido)alkyl|phenyl]jalkanoic Acid Derivatives
Containing Pyridyl or Imidazolyl Groups and Their Thromboxane A,
Receptor Antagonistic and Thromboxane A, Synthase Inhibitory Activities
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As part of our search for a dual inhibitor possessing both thromboxane A, (TXA,) receptor antagonistic and
TXA, synthase inhibitory activities, some [[(benzenesulfonamido)alkyl]phenyl]alkanoic acid derivatives possessing
a pyridyl or imidazolyl group were synthesized. Their TXA, receptor antagonistic and TXA, synthase inhibitory
activities were evaluated in terms of the inhibitory effects on U-46619-induced guinea-pig platelet aggregation and
on thromboxane B, (TXB,) production in human platelets, respectively. It was found that 3-[4-[2-(1-imidazolyl)-
1-(4-chlorobenzenesulfonamido)ethyl]phenyl Jpropionic acid (22a), containing an imidazolyl group, is a well-balanced
dual inhibitor having both TXA, receptor antagonistic activity (IC;,=0.31 um) and TXA, synthase inhibitory

activity (IC5,=0.39 um).

Key words synthesis; dual inhibitor; thromboxane A,; thromboxane A, receptor antagonistic activity; thromboxane A,

synthase inhibitory activity

Thromboxane A, (TXA,), a representative metabolite
of arachidonic acid, may have an etiological role in various
circulatory disorders and asthma because of its strong
platelet-aggregating effect and its bronchoconstricting
action.V Thus, efforts have been made to develop TXA,
receptor antagonists (TXRAs) or TXA, synthase in-
hibitors (TXSIs) as candidate antithrombotic or anti-
asthmatic agents, and some promising compounds are
under clinical trial for the treatment of thrombosis and
asthma.?

TXSIs possess the advantage of increasing the beneficial
(anti-thrombotic) prostaglandins (PGs), such as PGI, or
PGD,, via temporarily accumulated PGH,, which is an
endoperoxide precursor of TXA,, when they inhibit the
biosynthesis of TXA,.* But the first clinical results with
TXSI have been disappointing.*) One of the major reasons
may be that PGH, itself has a strong platelet-aggregating
effect and bronchoconstricting action, like TXA,, which
binds to the same receptor as TXA,.> On the other hand,
TXRAs antagonize the actions of both TXA, and PGH,,
and it was reported that a combination of TXSI and TXRA
was more effective than either agent alone.® Recently,
efforts have been made to develop dual inhibitors having
both TXRA and TXSI activities.”

In the previous paper, we disclosed that compound 1
possesses strong TXRA and weak TXSI activities.®) We
have conducted structural modification of 1 in order to

NHsoz—Q-m

obtain better balanced dual inhibitors. Representative
TXSIs, such as ozagrel (2)%9 or isbogrel (3),2 contain a
pyridyl or imidazolyl group together with a carboxyl group
as structural features, both of which have been found to
be mandatory for TXSI activity. Another characteristic
feature is that a six- to nine- carbon chain between the
imidazolyl and the carboxyl groups is favorable for
activity.?®? Therefore, we envisioned that replacement of
the benzene ring with a pyridine or imidazole ring in 1
would enhance TXSI activity with retention of the TXRA
activity. This paper deals with the synthesis and the
pharmacological effects of novel benzenesulfonamide
derivatives containing a pyridyl or imidazolyl group
(10a—i, 22a, b, 29a,b) and imidazole derivatives (13a—c).

Synthesis
The derivatives containing the pyridyl group (10a—i)
were synthesized as shown in Chart 2. Reduction of the
ketones (4a—e) with sodium borohydride gave the
corresponding alcohols (5a—e). Chlorination of Sa—e
with thionyl chloride afforded 6a—e, which were treated
with sodium azide to yield the azides (7a—e). Hydrogena-
tion of 7a—e gave the amines (8a—e), which were
condensed with various benzenesulfonyl chlorides, fol-
lowed by alkaline hydrolysis to afford the desired
compounds 10a—i.
The derivatives containing the imidazolyl group (13a—

CO.H
N=\ /—< >—\ —
SA® T e
CO.H 7\
=N
1 ozagrel (2) isbogrel (3)
Chart 1
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¢) were synthesized as shown in Chart 3. Reaction
of the alcohols (11a—¢)® with imidazole and thionyl
chloride gave 12a—c, followed by alkaline hydrolysis to
afford the desired compounds 13a—c. Compounds 22a,b
were synthesized as shown in Chart 4. The Friedel-Crafts
reaction of phenylalkanoates (14a,b) with chloroacetyl
chloride in the presence of anhydrous aluminum chloride
provided the chloroketones (15a,b). Condensation of
15a, b with imidazole afforded 16a,b, which were reduced
with sodium borohydride to yield the alcohols (17a,b).
The desired compounds 22a, b were prepared from 17a,b
in 5 steps, similarly to 10a—i. Compounds 29a,b were
synthesized as shown in Chart 5. Reduction of the chlo-
roketones (15a,b) with sodium borohydride gave the
alcohols (23a, b), which were treated with sodium azide to
yield the azides (24a,b). After chlorination of 24a,b with
thionyl chloride, the chlorides (25a, b) were condensed with
imidazole to afford 26a,b. The desired compounds 29a,b
were prepared from 26a,b in 3 steps, similarly to 10a—i.

Pharmacological Results and Discussion

TXRA and TXSI activities of the synthetic compounds
were estimated in terms of the inhibitory effects on
U-46619'%-induced guinea-pig platelet aggregation and
on TXB, production in human platelets, respectively. The
activities are given as ICs, values in Tables 1—3.

First of all, we evaluated the pharmacological effects of
the benzenesulfonamide derivatives containing a pyridyl
group (10a—i). In the case of 10a—c¢, which differ in
substitution position on the pyridine ring, we expected
that the TXSI activity of the 3-pyridyl compound (10b)
would be stronger, based on the reported structure-activity
relationships of TXSIs.*” However, 10a—c showed similar
TXSI activities to 1. The TXRA activity of 10b, the most
potent of the three, was almost equal to that of 1.
Compounds 10f and 10g, having a methyl or a methoxy
group at the R? position, were slightly more potent than
1 in terms of TXSI activity, while 10b, d, e were as potent

as, or slightly less potent than 1. The TXRA activity of
10b was slightly stronger than that of 1, but the other
compounds were less potent. Compounds 10b, h, i, with
different lengths of carbon chain attached to the carboxyl
group, showed the following features. (i) TXSI activity of
the ethyl chain compound (10h) was five times more potent
than that of 1. (ii) TXSI activities of the propyl and butyl
chain compounds (10b, i) were as potent as that of 1. (iii)
TXRA activity of 10h was much weaker than that of 1.
In conclusion, we have not yet found a good dual inhibitor
among the benzenesulfonamide compounds containing a
pyridyl group.

Next, we evaluated the pharmacological effects of the
imidazole compounds. As a preliminary examination, we
evaluated the pharmacological effects of the imidazole
compounds (13a—c) without the benzenesulfonamido
group, to investigate the influence of TXSI activities owing
to the imidazolyl group. TXSI activities of 13a—c were
much stronger than that of 1, and the ethyl chain
compound (13b) was the most potent among those
examined. The activity of 13b was 500 times greater than
that of 1 and comparable to that of ozagrel (2). How-
ever, the TXRA activity of each compound disappeared,
probably because of the lack of the benzenesulfonamido
group, which is important for TXRA activity.?®

Since we had confirmed enhancement of TXSI activity
by introduction of the imidazolyl group, we next examined
the pharmacological effects of the benzenesulfonamide
derivatives containing the imidazolyl group (22a, b, 29a, b).
The ethyl chain compound (22a) was about 10 times more
potent than the propyl chain compound (22b) and 5 times
more potent than 1in terms of TXSI activity. On the other
hand, the carbon chain length of the carboxyl group had
little influence on TXRA activity, and 22a and 22b were
each as potent as 1. These results indicated that 22a might
be a well-balanced dual inhibitor having both TXRA and
TXSI activities. The ethyl chain compound (29a), showed
about 5 times stronger TXSI activity than the propyl chain
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Table 1. Physicochemical and Pharmacological Data for Pyridyl-Substituted Sulfonamides 10a—i
NHSOQ—Q' R?
R1
(CH2)7~ CO2H
Analysis (%) 1Cs, (uM)
Compd. 1a) 2 Yield” mp (°C) Calcd (Found)
No. R R " (%)  (Recryst. solv.)? Formula XY TX?
C H N antagonism  synthase

10a 2-Py Cl 3 90 126—126.5 C,,H,,CIN,0,8S 5939 476  6.30 0.76 2.00
(IE) (5946 477  631)

10b 3-Py Cl 3 84 183—185 C,,H,,CIN,0,S 5939 476 6.30 0.40 2.00
(E) (5930 483  6.27)

10c 4-Py Cl 3 90 182—183 C,,H,,CIN,0,8 5939 476 630 2.51 2.00
M) (59.27 470  6.26)

10d 3-Py H 3 80 164—167 C,,H,,N,0,8 6427 540 6.82 1.58 2.51
(E) (6432 555  6.66)

10e 3-Py Br 3 83 192—195 C,,H,,BrN,0,S 5399 433 572 0.50 2.51
M) (53.83 438 5.67)

10f 3-Py CH, 3 77 165—167 C,5H,,N,0,S 65.07 570  6.60 0.79 1.58
(E) (64.96 593  6.56)

10g 3-Py OCH,; 3 77 166—167.5 C,3H,,N,0;S 62.71 549  6.36 1.58 1.00
(E) (6245 570 6.27)

10h 3-Py Cl 2 84 210—212.5 C, H,CIN,0,S 5853 444 650 31.6 0.40
M) (5848 436 6.52)

10i 3-Py Cl 4 87 201—203 C,;H,;CIN,0,S 60.19 505 6.10 0.50 1.60
M) (60.17 493  6.07)

1 Ph Cl 3 — 153—155.5 C,53H,,CINO,S 6223 499  3.16 0.20 2.00
(EA-IE) (62.10 5.03 297)

a) Abbreviations: Py, pyridyl; Ph, phenyl. b) Yield from 9a—i. ¢) Abbreviations: IE, isopropyl ether; E, ethanol; M, methanol; EA, ethyl acetate. d) Concentra-
tion needed to inhibit U-46619 (2 ug/ml)-induced platelet-aggregation in guinea-pig platelet-rich plasma (PRP) by 50%. e) Concentration needed to inhibit by 50%

TXB, production in human platelets.

Table 2. Physicochemical and Pharmacological Data for Imidazolyl Derivatives 13a—¢

N
’ A
EN>

(CHp)— COH

Analysis (%) ICyp (uM)
Compd. Yield® mp (°C) Calcd (Found)
N0¥.) " (%) (Recryit. solyy» ~ Formula X9 XY
C H N antagonism synthase
13a 1 88 177—179  C,gH,(N,0, 7396 552  9.58 >100 0.02
(E) (7391 561 9.37)
13b 2 82 138139 C,0H,sN,0, 7449 592  9.14 >100 0.0040
(E-DE) (74.36 5.94 8.98)
13¢ 3 77 150—151.5  CyoH,oN,0, 7498 629 874 >100 0.35
(M-IE) (7487 611 8.67)
2 N.T.? 0.0079

a) Yield from 12a—c. b) See footnote ¢ in Table 1. DE, diethyl ether. ¢) See footnote d in Table 1. d) See footnote e in Table 1. ¢) Not tested.

compound (29b) or 1, but its TXRA activity was weaker
than that of 1.

We estimated the most stable conformation of 22a,
which possesses well-balanced dual inhibitory activity, by
molecular mechanics calculation using Nemesis (version
2.0, Oxford Molecular Ltd.) and compared it with the
stable conformation'!® of TXA, (in Fig. 1, the con-
formation of (S)-22a is indicated, as a matter of con-
venience). The most stable conformation of 22a is a

“hairpin form,”®! in which the two benzene rings are
arranged nearly in parallel to each other. Thus, the
sulfonamido group is predicted to be fixed. An oxygen
atom of the sulfonamido group approximately matched
the Cl5-hydroxy of the w-chain of TXA, when the
carboxyl group of 22a was superimposed on that of TXA,.
This result is similar to that for 1 in the preceding paper.®
Further, the imidazole ring of 22a was located close to
the oxane ring moiety of TXA,. It was considered that
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Table 3. Physicochemical and Pharmacological Data for Imidazolyl-Substituted Sulfonamides 22a, b and 29a, b
fl\lHSOQ Cl
R (CH)m
NN (CHa)
(CHa)s~ CO.H
Analysis (%) ICsq (uM)
Compd. Yield® mp (°C) Caled (Found)
No. ! m " (%)  (Recryst. soly)» ~ Formula TXO X
C H N antagonism synthase
22a 1 0 2 82 215—216.5 C,H,,CIN;O,S 5536 465 9.68 0.31 0.39
M) (5525 458  9.68)
22b 1 0 3 74 196—198  C,;H,,CIN;0,S 54.13 519 9.02 0.25 3.02
M) (54.38 503  9.01)
29a 0 1 2 94 Amorphous  C,,H,,CIN;0,S — 2.70 0.40
29b 0 1 3 90 182—185  C,,H,,CIN;0,S 5631 495 938 0.62 1.86
(M-A) (56.44 491  9.27)

a) Yield from 21a, b and 28a, b. b) See footnote ¢ in Table 1. A, acetone.

(S)-22a

Fig. 1. The Stable Conformations of (S)-22a and TXA,

¢) See footnote d in Table 1.

d) See footnote e in Table 1.

All calculations for these compounds were performed on a Fujitsu FMV-499D2 personal computer using Nemesis (version 2.0, Oxford Molecular Ltd.). Initial
conformations for (S)-22a were selected with a conformational search around single bonds rotated by 360° in 30° increments. The stable conformation was determined
by energy minimization of initial conformations. For TXA,, the stable conformation was determined in a similar manner using torsion angles described in the literature.''?

these structural features could account for the strong
TXRA activity of 22a.

In conclusion, we found 22a, a novel, well-balanced dual
inhibitor having both TXRA and TXSI activities. Further
pharmacological evaluations of 22a are planned to
evaluate its suitability as an antithrombotic agent and/or
antiasthmatic agent.

Experimental

Melting points were measured on a Yanagimoto melting point
apparatus without correction. IR spectra were recorded using a Hitachi
270-30 spectrophotometer. 'H-NMR spectra were measured with JEOL
EX-270 (270MHz) and JEOL A-500 (500 MHz) spectrometers using

tetramethylsilane as an internal standard. MS and high-resolution MS
were measured on a JEOL DX-300 mass spectrometer. Merck Kieselgel
60 (70—230mesh) was used for column chromatography. All extracts
were dried over Na,SO,.

Methyl 4-[4-[Hydroxy(2-pyridyl)methyl}phenyl]butyrate (5a) NaBH,
(0.67 g, 17.6 mmol) was added portionwise to a solution of methyl 4-
[4-(2-pyridylcarbonyl)phenyl]butyrate (4a 5.00 g, 17.6 mmol) in MeOH
(50ml) under ice-cooling, and the mixture was stirred at room
temperature for 1 h. MeOH was evaporated off under reduced pressure,
and the residue was dissolved in dilute HCl and washed with Et,O. The
aqueous layer was made alkaline with K,COj, and extracted with Et,O.
The extract was washed with water, dried and concentrated. The residue
was purified by column chromatography [SiO,, AcOEt-CH,Cl, (2: 1)]
to yield 5a (3.95g, 79%) as a colorless oil.

Alcohols (5b—e) were prepared similarly from the corresponding
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Table 4. Physicochemical Data for Sa—e, 6a—e, 7a—e, 82—
X
R’
(CH2)7—CO,CH3
Analysis (%)
Compd. 10) Yield? mp (°C) ) Caled Found
No. R X " (%)  (Recryst. soly)0 ~ Formula
C H N C H N

Sa 2-Py OH 3 79 oil C,-HsNO, 285.13659 285.1355

5b 3-Py OH 3 62 85—86 (EA-IE) C,;H;,NO; 71.56  6.71 491 71.69 679 493
Sc 4-Py OH 3 51 82—83.5 (EA-IE) C,,H,,NO; 7156 671 491 71.57 6.55 495
5d 3-Py OH 2 56  91—91.5 (EA-IE) C,(H,,NO, 7083 632 5.6 7082 628  5.10
Se 3-Py OH 4 49 78-—80 (EA-IE) C,gH,,NO, 7222 7.07 4.68 7207 712 4.65
6a 2-Py Ci 3 97 Oil C,,H;sCINO,  303.1026, 305.0997% 303.1027, 305.1005
6b 3-Py Cl 3 95 0Oil C,,H,,CINO,  303.1026, 305.0997% 303.1032, 305.1008
6¢ 4-Py cl 3 99 oil C,-H,,CINO,  303.1026, 305.0997% 303.1021, 305.1010
6d 3-Py Cl 2 90 Oil C,6H,(CINO,  289.0870, 291.08409 289.0866, 291.0854
e 3-Py Cl 4 97 Oil C,3H,,CINO,  317.1183, 319.1153% 317.1165, 319.1171
7a 2-Py N, 3 99 Oil C,,HgN,O, 310.1430% 310.1442

) 3-Py N, 3 96 oil C,,H,,N,0, 310.1430% 310.1432

Te 4-Py N, 3 86 Oil C,,H3N,0, 310.14309 310.1427

7d 3-Py N, 2 94 Oil C,6H,cN,O, 296.1273% 296.1264

Te 3-Py N, 4 88 Oil C,3H,oN,O, 324.15869 324.1588

8a 2Py  NH, 3 84 oil C,,H,0N,0, 284.1525% 284.1529

8b 3-Py NH, 3 95 Oil C;H,,N,0, 284.1525% 284.1534

8c 4-Py NH, 3 96 Oil C,;H,,N,0, 284.15259 284.1518

8d 3-Py NH, 2 75 Oil C,6H;5N,0, 270.13684 270.1370

8e 3Py  NH, 4 89 oil C,sH,,N,0, 298.1681% 298.1678

a) See footnote a in Table 1. b) Yield from 4a—e, 5a—e, 6a—e, Ta—e.

ketones (4b—e). Physicochemical data for 5a—e are summarized in
Tables 4 and 5.

Methyl 4-[4-[Chloro(2-pyridyl)methyl]phenyl]butyrate (6a) Thionyl
chloride (3.55ml, 49.8 mmol) was added dropwise to a solution of 5a
(7.11g, 24.9 mmol) in benzene (35 ml) under ice-cooling, and the mixture
was stirred at room temperature for 1 h. The solvent was evaporated off
under reduced pressure, and the residue was taken up in CH,Cl,. This
solution was washed successively with aqueous NaHCOj; solution and
water. The extract was dried and concentrated to yield 6a (7.34 g, 97%)
as a pale violet oil.

Chlorides (6b—e) were prepared similarly from the corresponding
alcohols (Sb—e). Physicochemical data for 6a—e are summarized in
Tables 4 and 5.

Methyl 4-[4-[ Azido(2-pyridyl)methyl]phenyl]butyrate (7a) A suspen-
sion of 6a (7.34g, 24.2mmol) and sodium azide (3.14 g, 48.3 mmol) in
N,N-dimethylformamide (DMF) (40ml) was heated at 40°C for 4h.
After cooling, the reaction mixture was diluted with water and extracted
with Et,0. The extract was washed with water, dried and concentrated
to yield 7a (7.40 g, 99%) as a pale brown oil.

Azides (7b—e) were prepared similarly from the corresponding
chlorides (6b—e). Physicochemical data for 7a—e are summarized in
Tables 4 and 5.

Methyl 4-[4-[ Amino(2-pyridyl)methyl]phenyl]butyrate (8a) A suspen-
sion of 7a (5.00g, 16.1 mmol) and PtO, (50 mg) in MeOH (50ml) was
hydrogenated at ambient temperature under a hydrogen atmosphere
(latm) for 6h. The catalyst was filtered off, and the filtrate was
evaporated under reduced pressure. The residue was dissolved in dilute
HCl and washed with Et,O. The aqueous layer was made alkaline with
K,CO, and extracted with Et,0. The extract was washed with water,
dried and concentrated to yield 8a (3.86 g, 84%) as a pale yellow oil.

Amines (8b—e) were prepared similarly from the corresponding azides
(Tb—e). Physicochemical data for 8a—e are summarized in Tables 4 and
5.

Methyl 4-[4-[(4-Chlorobenzenesulfonamido)(2-pyridyl)methyl]phen-
yl]butyrate (9a) 4-Chlorobenzenesulfonyl chloride (2.82 g, 13.4mmol)
was added portionwise to a solution of 8a (3.80g, 13.4mmol) and
triethylamine (2.05ml, 14.7mmol) in CH,Cl, (38 ml) under ice-cooling.
The mixture was stirred at room temperature for 1h, and then washed

¢) See footnote ¢ in Table 1.

d) High-resolution MS data.

successively with water, aqueous K,COj solution and water. The extract
was dried and concentrated to yield 9a (5.33g, 87%) as pale yellow
crystals, which were recrystallized from EtOH to give colorless prisms.

Sulfonamides (9b—i) were prepared in a similar manner to that
described above. Physicochemical data for 9a—i are summarized in
Tables 6 and 7.

4-[4-[(4-Chlorobenzenesulfonamido)(2-pyridyl)methyl]phenyl]butyric
Acid (10a) A solution of 9a (3.00g, 6.54mmol) and 2N NaOH
(12ml) in MeOH (30 ml) was stirred at room temperature for 5h. After
evaporation of the solvent under reduced pressure, the residue was diluted
with water, adjusted to pH 5 with dilute HCI, and then extracted with
CH,Cl,. The extract was washed with water, dried and concentrated to
yield 10a (2.62g, 90%) as colorless crystals, which were recrystallized
from isopropy! ether (iso-Pr,0) to give colorless plates.

Sulfonamides (10b—i) were prepared in a similar manner to that
described above. Physicochemical data for 10a—i are summarized in
Tables 1 and 8.

Methyl 4-[(1-Imidazolyl)phenylmethyl]phenylacetate (12a) Thionyl
chloride (0.86ml, 11.8mmol) was added dropwise to a solution of
imidazole (3.27 g, 48 mmol) in CH,CN (30ml), and the mixture was
stirred at room temperature for 10min. A solution of methyl 4-
(hydroxyphenylmethy)phenylacetate (11a) (3.07 g, 12mmol) in CH;CN
(15ml) was added to the reaction mixture, and the whole was refluxed
for 1.5h. After evaporation of the solvent under reduced pressure, the
residue was diluted with aqueous K,CO;, solution, and extracted with
Et,0. The Et,0 layer was extracted with dilute HCI, and the aqueous
layer was made alkaline with K,CO; and extracted with Et,O. The
extract was washed, dried and concentrated. The residue was purified
by column chromatography [SiO,, CH,Cl,-MeOH (100:1-50:1)] to
yield 12a (1.78 g, 48%) as a colorless oil. IR (lig.): 1738 (C=0) cm” 1.
1H-NMR (CDCly) 6: 3.63 (2H, s), 3.70 (3H, s), 6.51 (1H, s), 6.85 (1H,
s), 7.00—7.15 (5H, m), 7.28 (2H, d, /=8 Hz), 7.30—7.40 (3H, m), 7.42
(1H, s). MS m/z: 306 (M ™).

Compounds 12b and 12¢ were prepared similarly from the cor-
responding alcohols 11b and 1lc, respectively.

Methyl 3-[4-[(1-Imidazolyl)phenylmethyl]phenyl]propionate (12b)
Colorless oil, yield 55%. IR (lig.): 1736 (C=0)cm ™ !. '"H-NMR (CDCl,)
8: 2.63 (2H, t, J=8Hz), 2.96 (2H, t, J=8Hz), 3.67 (3H, s), 6.49 (1H,
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Table 5. Spectral Data for 5a—e, 6a—e, 7a—e, 82—¢
C‘;rlnpd‘ IR (lig)em-t M7/ 'H-NMR (CDCL,) § (ppm)
0. M
5a 3396, 1738 285 193 QH, qn, J=7.5Hz), 231 QH, t, J=7.5Hz), 2.63 2H, t, J="7.5Hz), 3.65 3H, s), 5.78 (IH, 5),
7.15 (2H, d, J=8.5Hz), 7.19 (1H, d, J=8 Hz), 7.23 (1H, dd, J=8, SHz), 7.30 (2H. d, J—8.5 Hz),
7.66 (1H, td, J=8, 1.5 Hz), 8.58 (1H, d, J— 5 Hz)
sb 3176, 17349 285 194 QH, qn, J=7.5Hz), 2.32 (2H, t, J=7.5Hz), 247 (IH, brs), 2.64 2H, t, J=7.5Hz), 3.66 3H,
), 5.86 (1H, s), 7.17 (2H, d, J=8Hz), 7.25 (IH, dd, J=8, SHz), 7.28 (2H. d, J=8 Hz), 7.70 (1H.
dt, J=8, 2Hz), 8.49 (1H, dd, /=S5, 2Hz), 8.62 (1H, d, J—2 Hz)
5¢ 3124, 17349 285 1.93 (2H, qn, J=7.5Hz), 231 QH, t, J=7.5Hz), 2.63 (2H, t, J=7.5Hz), 3.14 (IH, brs), 3.65 3H,
$), 5.78 (1H, s), 7.16 (2H, d, J=8.5Hz), 7.25 (2H, d, J=8.5Hz), 7.35 (2H, d, J—6 Hz), 8.49 (2H, d,
J=6Hz)
5d 3148, 17349 271 261 QH, t, J=8 Hz), 2.78 (IH, brs), 295 (2H, t, /=8 Hz), 3.66 (3H, s), 5.85 (I1H, s), 7.19 (2H, d,
J=8Hz), 7.25 (IH, dd, J=8, SHz), 7.29 (2H, d, J=8 Hz), 7.69 (1H, dt, J—8, 2 Hz), 8.47 (IH, dd,
J=5, 2Hz), 8.59 (IH, d, J=2 Hz)
S 3176, 17449 299 1.58—1.70 (4H, m), 2.32 (2H, t, J=7.5Hz), 2.61 (2H, t, J=7.5 Hz), 2.69 (IH, brs), 3.65 (3H, ),
5.85 (1H, 5), 7.16 (2H, d, J=8 Hz), 7.24 (IH, dd, J=8, SHz), 7.27 (2H, d, J~8 Hz), 7.70 (IH, dt,
J=8, 2Hz), 8.47 (1H, dd, J=S5, 2Hz), 8.60 (1H, d, J=2 Hz)
6a 1738 303,305 1.93 (2H, qn, J=7.5Hz), 2.32 2H, t, /=7.5Hz), 2.63 (2H, t, J=7.5Hz), 3.65 3H, s), 6.16 (11, 5),
G:1) 716 H, d, J=8.5Hz), 7.21 (1H, ddd, /=8, 5, | Hz), 7.39 (2H, d, J—8.5 Hz), 7.57 (1H. d,
J=8Hz), 7.72 (1H, td, J=8, 1.5Hz), 8.57 (1H, dd, J=5, 1.5H7)
6b 1736 303,305 1.95 (2H, qn, J=7.5Hz), 2.33 (2H, t, J=7.5Hz), 2.65 (H, 1, J=7.5Hz), 3.66 (3H, s), 6.12 (IH, ),
G:1)  7.19 QH, d, J=8.5Hz), 7.31 2H, d, J=8.5Hz), 7.3 (1H, dd, J=8, 5Hz), 7.80 (1. dt, J=8,
2Hz), 8.5 (1H, d, J=5Hz), 8.65 (1H, brs)
6 1738 303,305 1.95 (2H, qn, J=7.5Hz), 2.33 (2H, t, J="7.5Hz), 2.65 2H, t, J=7.5Hz), 3.66 3H, s), 6.02 (I, s),
G:1) 718 (2H, d, J=8Hz), 7.27 2H, d, J=8Hz), 7.37 (2H, d, J= 6 Hz), 8.60 (2H, d. J =6 Hz)
6d 1738 289,291  2.63 (2H, t, J=8Hz), 2.95 2H, t, J=8 Hz), 3.67 3H, 5), 6.12 (IH, s), 7.21 (2H. d, J=8 Hz), 7.31
(3:1)  (H,d, J=8Hz), 7.33 (IH, dd, J=8, 5Hz), 7.80 (1H, dt, J=8, 2Hz), 8.5 (1H. dd, /=S5, 2 Hz),
8.64 (1H, d, J—2 Hz)
6e 1736 317,319 1.59—1.71 (4H, m), 2.33 QH, t, J=7.5Hz), 2.63 2H, t, J=7.5Hz), 3.66 3H, s), 6.12 (1H, 5), 7.17
(:1)  (H,d, J=8Hz), 730 2H, d, J=8Hz), 7.31 (1H, dd, J=8, SHz), 7.78 (1H, dt, J—8, 2 Hz). 8.54
(IH, dd, J=5, 2 Hz), 8.64 (1H, d, J=2 Hz)
Ta 2104, 1736 310 1.94 (2H, qn, J=7.5Hz), 2.32 (2H, t, J=7.5Hz), 2.64 (2H, t, J=7.5Hz), 3.65 (3H, s), 5.77 (IH, ),
7.18 (2H, d, J=8 Hz), 7.21 (1H, ddd, J=8, 5, 1 Hz), 7.28 (?H, d, J—8 Hz), 7.36 (1H, d, J=8 Hz),
7.70 (1H, td, J=8, 1.5 Hz), 8.59 (1H, dd, J=5, 1.5 Hz)
b 2104, 1738 310 1.95 (2H, qn, J=7.5Hz), 2.33 2H, t, J=7.5Hz), 2.65 (2H, t, J=7.5Hz), 3.66 (3H, s), 5.72 (IH, ),
720 (2H, d, J=6Hz), 7.21 (2H, d, J=6Hz), 7.30 (1H, dd, J=8, 5Hz), 7.64 (1H, dt, J=8, 2 Hz),
8.56 (1H, dd, J=>5, 2 Hz), 8.58 (1H, d, J=2H7)
7e 2108, 1736 310 1.82 2H, qn, J="7.5Hz), 2.29 (2H, 1, J=7.5Hz), 2.59 (2H, t, J=7.5Hz), 3.57 GH, 5), 6.11 (1H, 3),
723 (2H, d, J=8.5Hz), 7.27 (2H, d, J=8.5Hz), 7.34 (2H, d, J=6Hz), 8.56 (2H, d, /=6 Hz)
7d 2104, 1738 296 2.63 (2H, t, J=7.5Hz), 2.95 QH, t, J=7.5Hz), 3.67 (3H, s), 5.72 (IH, 5), 7.22 (4H. 5), 7.30 (IH,
dd, J=8, SHz), 7.64 (IH, dt, J=8, 2Hz), 8.56 (1H, dd, J=5, 2 Hz), 8.58 (1, d, J=2 Hz)
7e 2104, 1736 324 1.60—1.71 (4H, m), 2.33 2H, t, J=7.5Hz), 2.63 2H, t, J="7.5 Hz), 3.66 3H, s), 5.72 (IH, 5), 7.20
(4H, s), 7.32 (IH, dd, J=8, 5Hz), 7.66 (1H, dt, J=8, 2 Hz), 8.56 (IH, dd, J=5, 2Hz), 8.59 (1H, d,
J=2Hz)
8a 3376, 3300, 284 1.93 2H, qn, J=7.5Hz), 2.20 (2H, brs), 231 2H, t, J=7.5Hz), 2.61 (2H, t, J=7.5Hz), 3.65 3H,
1736 $). 5.22 (1H, 5), 7.12—7.15 (1H, m), .13 2H, d, J=8 Hz), 7.25 (1H, d, J=7.5Hz), 731 (H, d,
J=8Hz), 7.59 (1H, td, J=7.5, 2Hz), 8.56 (1H, d, J=4Hz)
8b 3372, 3304, 284 1.80—2.10 (2H, br), 1.93 2H, qn, J=7.5Hz), 2.32 (2H, t, J=7.5Hz), 2.62 (2H, t, J=7.5Hz), 3.65
1736 (GH, s), 5.23 (1H, s), 7.14 (2H, d, J=8Hz), 7.23 (1H, dd, J=8, SHz), 7.28 (2H. d, J—8 Hz), 7.70
(IH, dt, /=8, 2Hz), 847 (1H, dd, J=5, 2 Hz), 8.64 (1H, d, J—2 Hz)
8¢ 3372, 3300, 284 1.65—1.98 (2H, br), 1.93 2H, qn, J="7.5Hz), 232 2H, t, J=7.5Hz), 2.62 QH, t, J=7.5Hz), 3.65
1732 (H, 5), 5.15 (1H, s), 7.14 (2H, d, J=8Hz), 7.24 (2H, d, J=8 Hz), 7.32 (2H, d, J—6 Hz), 8.52 (2H,
d, J—6Hz)
8d 3372, 3300, 270 176 2H, brs), 2.61 (2H, t, J=8Hz), 2.93 2H, t, J=8Hz), 3.66 3H, s), 5.23 (IH, s), 7.16 (2H, d,
1734 J=8Hz), 7.23 (H, dd, J=8, SHz), 7.29 2H, d, J=8 Hz), 7.69 (IH, dt, J—8, 2 Hz), 8.48 (1H, dd,
J=5, 2Hz), 8.64 (1H, d, J=2 Hz)
8e 3380, 3304, 298 1.56—1.71 (4H, m), 1.76 (2H, brs), 2.32 2H, t, J=7.5Hz), 2.60 H, t, J=7.5 Hz), 3.66 (3H, s),
1738 522 (1, 5), 7.13 (2H, d, J=8 Hz), 7.23 (IH, dd, J=8, SHz), 7.27 (2H. d, J—8 Hz), 7.70 (1H, dt,
J=38, 2Hz), 8.47 (1H, dd, J=5, 2 Hz), 8.64 (1L, d, J=2 Hz)
a) KBr.

s), 6.85 (1H, s), 7.03 2H, d, /=8 Hz), 7.05—7.15 (3H, m), 7.20 (2H, d,
J=8Hz), 7.30—7.40 (3H, m), 7.45 (1H, s). MS m/z: 320 (M*).
Methyl 4-[4-[(1-Imidazolyl)phenylmethyl]phenyl]butyrate (12c)
Colorless oil, yield 56%. IR (lig.): 1736 (C=0)cm ™~ !. 'H-NMR (CDCl,)
6: 1.95 (2H, qn, J=7.5Hz), 2.33 (2H, t, J=7.5Hz), 2.65 (2H, t,
J=17.5Hz), 3.66 3H, s), 6.48 (1H, 5), 6.84 (1H, 5), 7.03 (2H, d, /=8 Hz),
7.09—7.11 (3H, m), 7.17 2H, d, /=8 Hz), 7.33—7.37 (3H, m), 7.40 (1H,
s). MS m/z: 334 (M ™*). High-resolution MS m/z: Calcd for C,,H,,N,O,:

334.1681. Found: 334.1683.

4-[(1-Imidazolyl)phenylmethyl]phenylacetic Acid (13a) A solution of
12a (1.66g, 5.42mmol) and 2N NaOH (5.4ml) in MeOH (8 ml) was
refluxed for 1 h. After evaporation of the solvent under reduced pressure,
the residue was diluted with water, adjusted to pH 5 with dilute HCI,
and then extracted with CH,Cl,. The extract was dried and concentrated
to yield 13a (1.39 g, 88%) as colorless crystals, which were recrystallized
from EtOH to give colorless prisms, mp 177—179°C. IR (KBr): 1714
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Table 6. Physicochemical Data for Pyridyl-Substituted Sulfonamides 9a—i

NHsorQ— R?

1517

R
(CH2)7~ CO2CH3
Analysis (%)
Compd. Ri® R? Yield? mp (°C) Caled Found
No. " (%)  (Recryst. solv.)® Formula
C H N C H N
9a 2Py c 387 97.5-98.5 C,,H,;CIN,0,8  60.19 505  6.10 6025 503 605
(E)
9% 3-Py ca 358 oil C,;H,,CIN,0,S  458.1067, 460.1038% 458.1072, 460.1049
9c 4-Py Cl 3 32 134.5—135 C,3H,;CIN,0,8 60.19 5.05 6.10 60.10  5.07 6.06
(E)
9d 3-Py H 3 47 oil C,3H,4N,0,8 424.14579 424.1442
% 3-Py Br 3 S8 oil C,sH,5BrN,0,S  502.0562, 504.0542% 502.0570, 504.0546
of 3Py CH, 3 60 oil CyaH,eN,0,8 438.1613% 438.1629
9g 3Py OCH, 3 57 oil CH,6N,0,S 454.1562% 454.1555
9h 3-Py cl 2 4 161—162.5  C,,H,,CIN,0,S 5939 476 630 5942 461 632
(E)
9% 3-Py cal 4 55 1321335 C,,H,sCIN,0,S 6094 533 592 6103 531 589
(E-IE)

a) See footnote a in Table 1. b) Yield from 8a—e. ¢) See footnote ¢ in Table 1. d) High-resolution MS data.

Table 7. Spectral Data for Pyridyl-Substituted Sulfonamides 9a—i

ComPd IR (iq) emt MY 'H-NMR (CDCly) § (ppm)
92 3092, 17349 458,460 1.88 (2H, qn, J=7.5Hz), 2.30 H, t, J=7.5Hz), 2.55 (2H, t, J=7.5Hz), 3.66 (3H, s), 5.58 (1H, d,
(3:1) J=55Hz), 697 (2H, d, J=8.5Hz), 7.01—7.10 (2H, m), 7.05 (2H, d, J=8.5 Hz), 7.14~7.21 (1H, m),
7.19 (2H, d, J=8.5Hz), 7.51—7.59 (1H, m), 7.53 (2H, d, J=8.5Hz), 8.48 (IH, d, J=5Hz)
9b 3272, 1736 458,460 1.90 (2H, qn, J=7.5Hz), 2.30 (2H, t, J=7.5Hz), 2.59 (2H, 1, J=7.5 Hz), 3.67 (3H, s), 5.63 (2H, s),
3:1) 697 (2H. d, J=8.5Hz), 7.05 2H, d, J=8.5Hz), 7.22 (1H, dd, J=8, 5Hz), 7.30 (2H, d, J=9 Hz), 7.56
(1H, dt, J=8, 2Hz), 7.59 (2H, d, J=9Hz), 8.43 (1H, brs), 8.48 (IH, d, J—5 Hz)
9% 3268, 17309 458,460 1.90 (2H, qn, J=7.5Hz), 231 (2H, t, J=7.5Hz), 2.59 (2H, t, J=7.5Hz), 3.67 (3H, s), 5.54 (1H, d,
(3:1) J=7.5Hz), 5.64 (1H, d, J/=7.5Hz), 6.90 (2H, d, J=8 Hz), 7.05 (2H, d, J=8 Hz), 7.18 (2H, d,
J=5.5Hz), 733 (2H, d, J=8.5Hz), 7.6] (2H, d, J=8.5Hz), 8.48 (2H, d, J=5.5 Hz)
9 272,173 424 1.89 (2H, qn, J=7.5Hz), 2.28 (2H, t, J=7.5Hz), 2.58 (2H, 1, J="7.5Hz), 3.66 (3H, s), 5.53 (IH, d,
J=THz), 5.60 (1H, d, J=7Hz), 6.95 (2H, d, J=8.5Hz), 7.03 (2H, d, J=8.5Hz), .17 (1H, dd, /—8.5,
SHz), 7.36 (2H, t, /=8 Hz), 7.49 (IH, t, J=8 Hz), 7.55 (1H, d, J—8.5Hz), 7.69 (2H, dd, J—8, 1.5 Hz),
836 (1H, brs), 8.4 (IH, d, J=>5Hz)
% 3268, 1736 502, 504 1.90 (2H, qn, J="7.5Hz), 2.30 (2H, t, J=7.5Hz), 2.59 (2H, t, J=7.5Hz), 3.66 (3H, s), 5.61 (1H, d,
(1:1)  J=7.5Hz), 592 (IH, d, J=7.5Hz), 6.96 (2H, d, J=8 Hz), 7.04 (2H, d, J=8 Hz), 7.17 (H, dd,
J=17.5, SHz), 745 2H, d, J=9Hz), 7.50 (2H, d, J=9Hz), 7.52 (IH, dt, J="7.5, 2Hz), 8.39 (1H, ,
J=2Hz), 8.44 (1H, dd, J=5, 2 Hz)
of 3276,1738 438 189 (2H, qn, J=7.5Hz), 229 H, t, J=7.5Hz), 2.38 (3H, 8), 2.59 (2H, t, J="7.5Hz), 3.66 3H, s),
529 (IH, d, J="7.5Hz), 5.56 (1H, d, J=7.5Hz), 6.96 (2H, d, J=8 Hz), 7.04 (2H, d, J=8 Hz), 7.14
(IH, dd, J=7.5, SHz), 7.17 (2H, d, J=8.5Hz), 7.55—7.59 (IH, m), 7.58 (2H, d, J=8.5 Hz), 8.37 (1H,
brs), 8.45 (1H, d, /=5 Hz)
9 272,173 454 189 (2H, qn, J=7.5Hz), 229 QH, t, J=7.5Hz), 2.58 (2H, 1, J="7.5 Hz), 3.65 3H, s), 3.83 (3H, s),
5.54 (IH, d, J=7Hz), 5.65 (1H, d, J=7Hz), 6,81 (2H, d, J=9Hz), 6.97 (2H, d, J=8.5 Hz), 7.04 (2H,
d, J=8.5H2), 7.15 (IH, dd, J=7.5, SHz), 7.54 (IH, dt, J=7.5, 2Hz), 7.61 (2H, d, J= 9 Hz), 8.36 (1H,
d, J=2Hz), 8.42 (1H, dd, J=>5, 2 Hz)
oh 17369 444, 446 2.59 (2H, t, J=7.5Hz), 2.90 QH, t, J=7.5Hz), 3.67 GH, 8), 5.30 (1H, d, J=THz), 5.61 (1H, d,
(3:1) J=THz), 697 2H, d, J=8Hz), 7.08 (2H, d, J=8 Hz), 7.17 (1H, dd, J=8, $Hz), 7.31 (2H, d,
J=8.5H7), 7.50 (1H, dt, J=8, 2Hz), 7.58 (2H, d, J=8.5 Hz), 8.38 (1H, d, J=2Hz), 8.47 (1H, dd,
J=5, 2Hz)
o 17389 472,474 1.56—1.68 (4H, m), 2.33 2H, t, J="7.5Hz), 2.57 (2H, t, J=7.5Hz), 3.66 3H, s), 5.34 (1H, d,
(:1) J=THz), 5.61 (IH, d, J=7THz), 694 2H, d, J=8.5Hz), 7.04 (2H, d, J=8.5Hz), 7.17 (2H, dd, J=8,
SHz), 7.30 (2H, d, J=8.5Hz), 7.51 (1H, dt, J=8, 2Hz), 7.58 (2H. d, J=8.5Hz), 8.40 (IH, d,
J=2Hz), 8.46 (1H, dd, J=S5, 2Hz)
a) KBr.
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Table 8. Spectral Data for Pyridyl-Substituted Sulfonamides 10a-—i

C?\‘I‘fd' IR (KBr) cm ™! MSA’I’/Z 'H-NMR (CD,0D) § (ppm)
10a 3168, 1696 444, 446 1.83 (2H, qn, J=7.5Hz), 2.24 2H, t, J=7.5Hz), 2.56 (2H, t, J=7.5Hz), 5.60 (1H, 5), 7.02
3:1) (4H, s), 7.17—7.22 (1H, m), 7.29—7.35 (1H, m), 7.32 2H, d, J=9Hz), 7.61 (2H, d,
J=9Hz), 7.66 (1H, td, J=7.5, 2Hz), 8.37 (IH, d, J=4.5H2)
10b 3256, 1698 444,446 1.85 (2H, qn, J=7.5Hz), 2.26 (2H, t, J=7.5Hz), 2.59 (2H, t, J=7.5Hz), 5.67 (IH, s), 7.01
3:1) (2H, d, J=8 Hz), 7.06 (2H, d, J=8Hz), 7.31 (I1H, dd, J=8.5, 5Hz), 7.34 (2H, d, J=9 Hz),
7.61 (2H, d, J=9Hz), 7.65 (1H, d, J=8.5Hz), 8.35 (1H, brs), 8.37 (1H, d, J=5Hz)
10¢ 3212, 1696 269 1.84 (2H, qn, J=7.5Hz), 2.26 (2H, t, J=7.5Hz), 2.58 (2H, t, J=7.5Hz), 5.60 (1H, s), 6.97
(M* —CH,CISO,) (H, d, J=8.5Hz), 7.04 (2H, d, J=8.5Hz), 7.28 (2H, d, J=4.5Hz), 7.34 (2H, d,
J=8.5Hz), 7.62 (2H, d, J=8.5Hz), 8.39 (2H, d, J=4.5Hz)
10d 3260, 1702 411 1.84 (2H, qn, J=7.5Hz), 2.24 2H, t, J=7.5Hz), 2.57 (2H, t, J=7.5Hz), 5.65 (1H, s), 7.00
(M*+1) (2H, d, J=8Hz), 7.04 (2H, d, J=8Hz), 7.29 (1H, dd, J=8, 5Hz), 7.35 (2H, t, J=8 Hz),
7.47 (1H, t, J=8 Hz), 7.64 (1H, dt, J=8, 2Hz), 7.68 (2H, dd, J=8, 1.5hz), 8.32 (1H, d,
J=2Hz), 8.34 (IH, dd, J=5, 2Hz)
10e 3256, 1696 444, 446 1.86 (2H, qn, J=7.5Hz), 227 2H, t, J=7.5Hz), 2.59 (2H, t, J=7.5Hz), 5.66 (1H, s), 7.00
(1:1, M* —CO,) (2H, d, J=8.5Hz), 7.06 (2H, d, /=8.5Hz), 7.31 (1H, dd, J=8, 5Hz), 7.49 (2H, d,
J=9Hz), 7.54 (2H, d, J=9Hz), 7.65 (IH, d, J=8 Hz), 8.35 (IH, d, J=2Hz), 8.37 (IH,
dd, J=5, 2Hz)
10f 3256, 1706 425 1.84 (2H, qn, J=7.5Hz), 2.25 (2H, t, J=7.5Hz), 2.35 (3H, s), 2.58 (H, t, J=7.5Hz2), 5.6
(M*+1) (1H, s), 7.00 (2H, d, J=8.5Hz), 7.05 (2H, d, J=8.5Hz), 7.16 (2H, d, /=8 Hz), 7.29 (IH,
dd, J=17.5, 5Hz), 7.54 (2H, d, J=8 Hz), 7.63 (IH, dt, J=7.5, 2Hz), 8.31 (IH, d, J=2Hz),
8.34 (1H, dd, J=5, 2Hz)
10g 3256, 1700 441 1.84 (2H, qn, J=7.5Hz), 2.25 (2H, t, J=7.5Hz), 2.58 (2H, t, J=7.5Hz), 3.81 (3H, ), 5.59
(M* +1) (IH, s), 6.85 (2H, d, J=8.5Hz), 7.01 (2H, d, J=8.5Hz), 7.06 (2H, d, J=8.5Hz), 7.30 (1H,
dd, J=8, 5Hz), 7.59 (2H, d, J=8.5Hz), 7.64 (1H, d, J=8 Hz), 8.32 (IH, brs), 8.34 (1H, d,
J=5Hz)
10h 3252, 1698 255 2.55 H, t, J=7.5Hz), 2.85 2H, t, J=7.5Hz), 5.66 (1H, s), 7.01 (2H, d, J=7Hz), 7.09
(M* —C(H,CISO,) (2H, d, J=7Hz), 7.31 (1H, dd, /=8, 5Hz), 7.34 (2H, d, J=8.5Hz), 7.61 (2H, d,
J=8.5Hz), 7.64 (1H, d, J=8 Hz), 8.34 (1H, s), 8.36 (1H, d, J=5H2)
10i 3256, 1696 458, 460 1.54—1.64 (4H, m), 2.31 (2H, t, J=7Hz), 2.57 (2H, t, J=THz), 5.66 (IH, 5), 6.99 (2H, d,
3:1) J=8Hz), 7.04 (2H, d, J=8 Hz), 7.31 (1H, dd, /=8, 5Hz), 7.33 (2H, d, J=9 Hz), 7.61

(H, d, J=9Hz), 7.65 (1H, d, J=8 Hz), 8.35 (1H, d, J=2Hz), 8.37 (1H, dd, /=S5, 2Hz)

(C=0)cm™!. 'H-NMR (DMSO-d) d: 3.57 (2H, s), 6.83 (1H, s), 6.95
(1H, s), 7.05—7.15 (5H, m), 7.28 (2H, d, /=8 Hz), 7.30—7.40 (3H, m),
7.61 (1H, s). MS m/z: 292 (M ™). 4nal. Caled for C;gH;{N,0,: C, 73.96;
H, 5.52; N, 9.58. Found: C, 73.91; H, 5.61; N, 9.37.

Compounds 13b and 13c were prepared similarly from 12b and 12¢,
respectively.

3-[4-[(1-Imidazolyl)phenylmethyl]phenyl]propionic Acid (13b)
Colorless crystals, mp 138—139°C (EtOH-Et,0), yield 82%. IR (KBr):
1710 (C=0)cm~!. 'H-NMR (DMSO-dg) d: 2.53 (2H, t, J=7.5Hz),
2.83 (2H, t, J=7.5Hz), 6.80 (1H, s), 6.95 (1H, s), 7.00—7.15 (5H, m),
7.24 (2H, d, J=8Hz), 7.30—7.40 (3H, m), 7.61 (1H, s). MS m/z: 306
(M™). Anal. Caled for C;H,gN,0,: C, 74.49; H, 5.92; N, 9.14. Found:
C, 74.36; H, 5.94; N, 8.98.

4-[4-[(1-Imidazolyl)phenylmethyl ]phenylJbutyric Acid (13c) Color-
less needles, mp 150—151.5°C (MeOH-iso-Pr,0), yield 77%. IR (KBr):
1710 (C=0)cm™*. 'H-NMR (CDCly) 6: 1.96 (2H, qn, /=7.5Hz), 2.34
(2H, t, J=7.5Hz), 2.67 (2H, t, J=7.5Hz), 6.47 (1H, s), 6.85 (1H, s),
7.01 2H, d, J=8.5Hz), 7.07—7.09 2H, m), 7.11 (1H, s), 7.18 (2H, d,
J=8.5Hz), 7.34—17.36 (3H, m), 7.49 (1H, s). MS m/z: 320 (M*). Anal.
Caled for C,oH,oN,0,: C, 74.98; H, 6.29; N, 8.74. Found: C, 74.87; H,
6.11; N, 8.67.

Methyl 3-(4-Chloroacetylphenyl)propionate (15a) Anhydrous alumi-
num chloride (11.9g, 89.2mol) was added portionwise to a solution
of methyl 3-phenylpropionate (14a) (7.33 g, 44.6mmol) in CS, (22 ml),
and then chloroacetyl chloride (3.55 ml, 44.6 mmol) was added dropwise
to the mixture under ice-cooling. The reaction mixture was stirred at
room temperature for 16h. After removal of the organic layer by
decantation, the residue was taken up in CH,Cl,. This solution was
poured into ice water and extracted with CH,Cl,. The extract was washed
successively with aqueous K,COj; solution and water, then dried and
concentrated. The residual crystals were washed with iso-Pr,O to yield
15a (9.45 g, 88%) as pale yellow crystals, which were recrystallized from
iso-Pr,O to give colorless columns, mp 89—90.5°C. IR (KBr): 1732,
1698 (C=0)cm™!. 'TH-NMR (CDCl3) é: 2.67 (2H, t, /=7.5Hz), 3.03
(2H, t, J=7.5Hz), 3.67 (3H, s), 4.69 (2H, s), 7.33 (2H, d, J=8 Hz), 7.89
(2H, d, J=8Hz). MS mjz: 240, 242 (3:1, M"). Anal. Caled for

C,,H,;ClO;: C, 59.88; H, 5.44. Found: C, 60.02; H, 5.38.

Compound 15b was prepared similarly from methyl 4-phenylbutyrate
(14b).

Methyl 4-(4-Chloroacetylphenylbutyrate (15b) Colorless needles, mp
45-45.5°C (iso-Pr,0), yield 67%. IR (KBr): 1738, 1696 (C=0)cm ™",
'"H-NMR (CDCl,) §: 1.99 (2H, qn, J=7.5Hz), 2.35 (2H, t, J=7.5Hz),
2.73 (2H, t, J=17.5Hz), 3.67 (3H, 5), 4.69 (2H, ), 7.31 (2H, d, J=8.5 Hz),
7.89 (2H, d, J=8.5Hz). MS m/z: 254, 256 (3:1, M™). Anal. Caled for
C,5H,sClO4: C, 61.30; H, 5.94. Found: C, 61.32; H, 6.04.

Methyl 3-[4-[(1-Imidazolyl)acetyl]phenyl]propionate (16a) The mix-
ture of 15a (7.22g, 30.1mmol) and imidazole (5.11g, 75.1mmol) in
toluene (40ml) was heated at 70°C for 2h. After evaporation of the
solvent under reduced pressure, the residue was diluted, made alkaline
with aqueous K,CO, solution, and extracted with CH,Cl,. The extract
was washed with water, dried and concentrated. The residue was purified
by column chromatography [SiO,, CH,Cl,-MeOH (30:1-20:1)] to
yield 16a (5.62 g, 69%) as pale yellow crystals, which were recrystallized
from AcOEt to give pale yellow plates, mp 109.5—110.5°C. IR (KBr):
1730, 1698 (C=0)cm™!. '"H-NMR (CDCl;) é: 2.68 (2H, t, J=7.5Hz),
3.04 (2H, t, J=7.5Hz), 3.67 (3H, s), 5.37 (2H, 5), 6.94 (1H, s), 7.14 (1H,
s), 7.37 (2H, d, J=8Hz), 7.51 (1H, s), 7.91 (2H, d, /=8 Hz). MS m/z:
272 (M*). Anal. Calcd for C;sH (N,05: C, 66.16; H, 5.92; N, 10.29.
Found: C, 66.18; H, 5.92; N, 10.24.

Compound 16b was prepared similarly from 15b.

Methyl 4-[4-[(1-Imidazolyl)acetyl]phenyl]butyrate (16b) Colorless
scales, mp 90—91°C (AcOEt-iso-Pr,0), yield 59%. IR (KBr): 1738,
1698 (C=0)cm !, 'H-NMR (CDCl,) 6: 1.99 (2H, qn, J=7.5Hz), 2.35
(2H, t, J=7.5Hz), 2.75 (2H, t, J=7.5Hz), 3.68 (3H, s), 5.38 (2H, ),
6.95 (1H, s), 7.14 (1H, s), 7.34 (2H, d, /=8 Hz), 7.51 (1H, s), 7.90 (2H,
d, J=8 Hz). MS m/z: 286 (M™). Anal. Calcd for C;¢H,3N,0;: C, 67.12;
H, 6.34; N, 9.78. Found: C, 67.21; H, 6.48; N, 9.68.

Methyl 3-[4-[1-Hydroxy-2-(1-imidazolyl)ethyl]phenyl]propionate
(17a) Compound 17a was prepared from 16a in the same manner as
5a. Colorless scales, mp 99.5—101.5°C (AcOE), yield 86%. IR (KBr):
3124 (OH), 1738 (C=0O)cm™'. 'H-NMR (CDCly) dé: 2.63 (2H, t,
J=17.5Hz), 2.95 2H, t, J=7.5Hz), 3.67 (3H, s), 4.06 (1H, dd, J=14,
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8Hz), 4.11 (1H, dd, /=14, 4.5Hz), 4.89 (1H, dd, /=8, 4.5Hz), 6.88
(1H, s), 6.92 (1H, s), 7.20 (2H, d, J=8Hz), 7.24 2H, d, J=8Hz), 7.34
(1H, s). MS mjfz: 274 (M ™). Anal. Caled for C,sH,gN,0;: C, 65.68; H,
6.61; N, 10.21. Found: C, 65.54; H, 6.78; N, 10.15.

Methyl 4-[4-[1-Hydroxy-2-(1-imidazolyl)ethyljphenyl]butyrate
(17b) Compound 17b was prepared from 16b in the same manner as
5a. Colorless scales, mp 112—113°C (AcOEt), yield 88%. IR (KBr):
3120 (OH), 1738 (C=0)cm™*. 'H-NMR (CDCl;) é: 1.95 (2H, qn,
J=17.5Hz), 2.33 (2H, t, J=7.5Hz), 2.65 (2H, t, J=7.5Hz), 3.67 (3H,
s), 4.06—4.14 (2H, m), 4.91 (1H, dd, J=17.5, 4Hz), 6.90 (1H, s), 6.97
(1H, s), 7.18 (2H, d, J=8Hz), 7.23 (2H, d, J=8Hz), 7.38 (1H, s). MS
m/z: 288 (M™*). Anal. Caled for C,¢H,(N,0,: C, 66.65; H, 6.99; N, 9.72.
Found: C, 66.64; H, 7.13; N, 9.68.

Methyl 3-[4-[1-Chloro-2-(1-imidazolyl)ethyl]phenyl]propionate
(18a) Compound 18a was prepared from 17a in the same manner as
6a. Colorless oil, yield 100%. IR (lig.): 1734 (C=0)cm~'. '"H-NMR
(CDCl,) §: 2.63 (2H, t, J=8Hz), 2.95 (2H, t, J=8Hz), 3.67 (3H, s),
4.37 (1H, dd, J=14.5, 6.5Hz), 4.45 (1H, dd, J=14.5, 6.5Hz), 5.00 (1H,
t, J=6.5Hz), 6.80 (1H, s), 7.01 (1H, s), 7.20 (4H, s), 7.31 (1H, s). MS
mjz: 292, 294 (3:1, M™). High-resolution MS m/z: Caled for
C,sH,,CIN,0,: 292.0979, 294.0949. Found: 292.0970, 294.0934.

Methyl 4-[4-[1-Chloro-2-(1-imidazolyl)ethyl]phenyl]butyrate (18b)
Compound 18b was prepared from 17b in the same manner as 6a. Pale
yellow oil, yield 100%. IR (liq.): 1734 (C=0)cm™!. 'H-NMR (CDCl,)
8: 1.95 (2H, gn, J=7.5Hz), 2.33 (2H, t, J=7.5Hz), 2.65 (2H, t,
J=1.5Hz), 3.67 3H, s), 4.39 (IH, dd, /=14.5, 6Hz), 4.46 (1H, dd,
J=14.5, 7THz), 5.02 (1H, t, J="T7Hz), 6.82 (1H, s), 7.02 (IH, s), 7.18 (2H,
d, J=8Hz), 7.21 (2H, d, /=8 Hz), 7.38 (1H, s). MS m/z: 306, 308 (3: 1,
M™*). High-resolution MS m/z: Caled for C,cH;,CIN,0,: 306.1135,
308.1105. Found: 306.1121, 308.1103.

Methyl 3-[4-[1-Azido-2-(1-imidazolyl)ethyl]phenyl]propionate (19a)
Compound 19a was prepared from 18a in the same manner as 7a. Pale
yellow oil, yield 80%. IR (lig.): 2112 (N3), 1736 (C=0)cm™'. 'H-NMR
(CDCly) 4: 2.64 (2H, t, J=8Hz), 2.97 (2H, t, /=8 Hz), 3.68 (3H, s),
4.11 (2H, d, J=6.5Hz), 4.74 (1H, t, J=6.5Hz), 6.87 (1H, s), 7.05 (1H,
s), 7.16 2H, d, J=8Hz), 7.24 (2H, d, J=8Hz), 7.36 (1H, 5). MS m/z:
299 (M*). High-resolution MS m/z: Caled for C;sH,N;0,: 299.1382.
Found: 299.1390.

Methyl 4-[4-[1-Azido-2-(1-imidazolyl)ethyl]phenyl]butyrate (19b)
Compound 19b was prepared from 18b in the same manner as 7a. Pale
yellow oil, yield 91%. IR (lig.): 2112 (N,), 1734 (C=0)cm ™ '. 'H-NMR
(CDCl,) 6: 1.96 (2H, qn, J=7.5Hz), 2.34 (2H, t, J=7.5Hz), 2.67 (2H,
t, J=7.5Hz), 3.68 (3H, s), 4.11—4.13 (2H, m), 4.75 (1H, t, J=6.5Hz),
6.88 (1H,s), 7.05 (1H, s), 7.16 2H, d, J=8.5Hz), 7.22 (2H, d, J=8.5 Hz),
7.42 (1H, s). MS m/z: 313 (M ™). High-resolution MS m/z: Caled for
C16H1oNsO,: 313.1539. Found: 313.1551.

Methyl 3-[4-[1-Amino-2-(1-imidazolyl)ethyl]phenyl]propionate
(20a) Compound 20a was prepared from 19a in the same manner as
8a. Pale brown oil, yield 91%. IR (lig.): 3368 (NH,), 1734 (C=0)cm ',
'H-NMR (CDCl,) d: 1.55 (2H, brs), 2.63 (2H, t, J=8 Hz), 2.95 (2H, ¢,
J=8Hz), 3.68 (3H, s), 4.02 (1H, dd, /=14, 8 Hz), 4.09 (1H, dd, J=14,
5Hz), 4.25 (1H, dd, /=8, SHz), 6.87 (1H, s), 7.04 (1H, s), 7.19 (2H, d,
J=8Hz), 7.22 (2H, d, J=8Hz), 7.38 (1H, s). MS m/z: 274 (M* + ).

Methyl 4-[4-[1-Amino-2-(1-imidazolyl)ethyl]phenyl]butyrate (20b)
Compound 20b was prepared from 19b in the same manner as 8a. Pale
brown oil, yield 92%. IR (lig.): 1736 (C=0)cm~'. *"H-NMR (CDCl,)
J: 1.88 (2H, brs), 1.95 (2H, gqn, J=7.5Hz), 2.33 2H, t, J=7.5Hz), 2.65
(2H, t, J=7.5Hz), 3.67 (3H, s), 4.04 (1H, dd, /=14, 8Hz), 4.10 (1H,
dd, /=14, 5Hz), 4.26 (1H, dd, J=8, 5Hz), 6.87 (1H, s), 7.04 (1H, s),
7.17 2H, d, J=8Hz), 7.22 (2H, d, J=8Hz), 7.42 (1H, s). MS m/z: 288
M*+1).

Methyl 3-[4-[1-(4-Chlorobenzenesulfonamido)-2-(1-imidazolyl)ethyl]-
phenyl]propionate (21a) Compound 21a was prepared from 20a in the
same manner as 9a. Pale yellow prisms, mp 168—169 °C (MeOH-Et,0),
yield 49%. IR (KBr): 1738 (C=0)cm™!. 'H-NMR (CDCl;) §: 2.58
(2H, t, J=7.5Hz), 2.88 (2H, t, J=7.5Hz), 3.68 (3H, s), 4.22—4.31 (2H,
m), 4.66 (1H, t, J=6Hz), 6.64 (1H, s), 6.91 (2H, d, J=8.5Hz), 6.92 (1H,
s), 7.02 (2H, d, J=8.5Hz), 7.24 (2H, d, /=8.5Hz), 7.29 (IH, s), 7.52
(2H, d, J=8.5Hz). Anal. Calcd for C,,H,,CIN;0,S: C, 56.31; H, 4.95;
N, 9.38. Found: C, 56.33; H, 5.01; N, 9.26. MS m/z: 366 (M* — C,H;N,).

Methyl 4-[4-[1-(4-Chlorobenzenesulfonamido)-2-(1-imidazolyl)ethyl]-
phenyl]butyrate (21b) Compound 21b was prepared from 20b in the
same manner as 9a. Pale yellowish brown oil, yield 61%. IR (liq.): 1736
(C=0)cm™*. '"H-NMR (CDCly) §: 1.89 (2H, gn, J=7.5Hz), 2.30 (2H,
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t, J=7.5Hz), 2.58 (2H, t, J=7.5Hz), 3.68 (3H, 5), 4.28 (2H, d, J=6 Hz),
4.65 (1H, t, J=6Hz), 6.63 (1H, s), 6.87 (2H, d, J=8.5Hz), 6.92 (1H,
s), 7.00 (2H, d, J=8.5Hz), 7.25 (2H, d, J=8.5Hz), 7.26 (1H, s), 7.54
(2H, d, J=8.5Hz). MS m/z: 461, 463 (3:1, M¥). High-resolution MS
m/z: Caled for C,,H,,CIN,0,S: 461.1176, 463.1147. Found: 461.1190,
463.1136.

3-[4-[1-(4-Chlorobenzenesulfonamido)-2-(1-imidazolyl)ethyl]phenyl]-
propionic Acid (22a) Compound 22a was prepared from 21a in the same
manner as 10a. Pale yellow plates, mp 215—216.5°C (MeOH), yield
82%. IR (KBr): 3136 (NH), 1650—1700 (br, C=0)cm~'. 'H-NMR
(DMSO-dy) 5: 2.47 2H, t, J=7.5Hz), 2.74 (2H, t, J=1.5 Hz), 4.09 (2H,
d, J=8Hz), 4.59 (1H, q, J=8 Hz), 6.75 (1H, s), 7.01 (2H, d, J=8 Hz),
7.05 (1H, s), 7.07 (2H, d, J=8Hz), 7.33 (2H, d, /=9Hz), 7.38 (2H, d,
J=9Hz), 745 (I1H, s), 845 (lH, d, J=9Hz). MS mfz: 352
(M* —C4H;N,). 4nal. Caled for C,oH,oCIN;0,S: C, 55.36; H, 4.65;
N, 9.68. Found: C, 55.25; H, 4.58; N, 9.68.

4-[4-[1-(4-Chlorobenzenesulfonamido)-2-(1-imidazolyl)ethyl]phen-
yljbutyric Acid (22b) Compound 22b was prepared from 21b in the
same manner as 10a. Pale yellow crystals, mp 196—198°C (MeOH),
yield 73%. IR (KBr): 1700 (C=0)cm~*. '"H-NMR (DMSO-dy) é: 1.75
(2H, qn, J=7.5Hz), 2.18 2H, t, J=7.5Hz), 2.50 (2H, t, /=7.5Hz), 4.10
(2H, d, J=7.5Hz), 4.60 (1H, q, J=7.5Hz), 6.76 (1H, s), 6.96 (2H, d,
J=8Hz), 7.05 (1H, s), 7.07 (2H, d, J=8Hz), 7.31 (2H, d, J=8.5Hz),
7.40 2H, d, J=8.5Hz), 7.45 (1H, s), 8.46 (1H, d, J=9Hz). MS m/z:
366 M+ —C,H;sN,). Anal. Caled for C,H,,CIN;0,S-H,0: C, 54.13;
H, 5.19; N, 9.02. Found: C, 54.38; H, 5.03; N, 9.01.

Methyl 3-[4-(2-Chloro-1-hydroxyethyl)phenyl]propionate (23a) NaBH,
(2.23 g, 58.9mmol) was added portionwise to a solution of 15a (18.9
g, 78.5 mmol) in MeOH (130 ml) under ice-cooling, and the mixture was
stirred at the same temperature for 1h. MeOH was evaporated off
under reduced pressure, and the residue was diluted with water and
extracted with Et,0. The extract was washed with water, dried and
concentrated to yield 23a (18.6 g, 98%) as a pale yellow oil. IR (lig.):
3464 (OH), 1736 (C=0)cm™'. '"H-NMR (CDCl,) o: 2.61 (1H, d,
J=3Hz), 2.63 2H, t, J=7.5Hz), 2.95 (2H, t, J=7.5Hz), 3.64 (1H, dd,
J=11.5, 9Hz), 3.67 (3H, s), 3.73 (1H, dd, J=11.5, 3.5Hz), 4.86—4.89
(1H, m), 7.21 (2H, d, J=8Hz), 7.31 (2H, d, J=8 Hz). MS m/z: 242, 244
(3:1, M™*). High-resolution MS mj/z: Caled for C,,H, sCl0;: 242.0710,
244.0680. Found: 242.0709, 244.0678.

Compound 23b was prepared similarly from 15b.

Methyl 4-[4-(2-Chloro-1-hydroxyethyl)phenyl]butyrate (23b) Pale
yellow oil, yield 97%. IR (liq.): 3460 (OH), 1736 (C=0)cm™'. 'H-NMR
(CDCl,) 6: 1.95 2H, qn, J=7.5Hz), 2.33 (2H, t, J=T7.5Hz), 2.62 (IH,
d, J=3Hz), 2.65 (2H, t, J=7.5Hz), 3.64 (1H, dd, /=11, 9Hz), 3.67
(3H, s), 3.73 (1H, dd, J=11, 3.5Hz), 4.85—4.90 (1H, m), 7.19 (2H, d,
J=8Hz), 7.31 (2H, d, J=8Hz). MS m/z: 256, 258 (3:1, M™").
High-resolution MS m/z: Caled for C,;H;,ClO;: 256.0866, 258.0837.
Found: 256.0869, 258.0825.

Methyl 3-[4-(2-Azido-1-hydroxyethyl)phenyl]propionate (24a) A sus-
pension of 23a (14.0 g, 57.7 mmol) and sodium azide (7.50 g, 0.115mol)
in DMF (60 ml) was heated at 90 °C for 2.5 h. After cooling, the reaction
mixture was diluted with water and extracted with Et,O. The extract
was washed with water, dried and concentrated to yield 24a (13.3 g, 93%)
as a pale yellow oil. IR (liq.): 3464 (OH), 2108 (N;), 1736 (C=0) cm™ 1
'H-NMR (CDCl,) 6: 2.31 (IH, d, J=3Hz), 2.63 2H, t, J=7.5Hz), 2.95
(2H, t, J=7.5Hz), 3.43 (1H, dd, /=13, 3.5Hz), 3.48 (1H, dd, J=13,
8.5Hz), 3.67 (3H, s), 4.84—4.87 (1H, m), 7.21 (2H, d, /=8.5Hz), 7.30
(2H, d, J=8.5Hz). MS m/z: 193 (M" —CH,N,).

Compound 24b was prepared similarly from 23b.

Methyl 4-[4-(2-Azido-1-hydroxyethyl)phenyl]butyrate (24b) Pale
yellow oil, yield 99%. IR (lig.): 3464 (OH), 2108 (N,), 1736 (C=0O)cm ™.
H-NMR (CDCl,) §: 1.95 (2H, gn, J=7.5Hz), 2.31—2.34 (3H, m), 2.65
(2H, t, J=17.5Hz), 3.43 (1H, dd, J=12.5, 4Hz), 3.48 (1H, dd, J=12.5,
8 Hz), 3.67 (3H, s), 4.84—4.87 (1H, m), 7.19 (2H, d, /=8 Hz), 7.29 (2H,
d, J=8Hz). MS m/z: 207 (M* —CH,Nj).

Methyl 3-[4-(2-Azido-1-chloroethyl)phenyl]propionate (25a) Thiony!
chloride (3.61 ml, 49.4 mmol) was added dropwise to a solution of 24a
(13.3 g, 53.4mmol) in CH,Cl, (50 ml) under ice-cooling, and the mixture
was stirred at 40 °C for 1 h. The solvent was evaporated off under reduced
pressure to give 25a (13.2g, 100%) as a pale yellow oil. IR (liq.): 2112
(N3), 1738 (C=0)cm™'. '"H-NMR (CDCly) é: 2.63 (2H, t, J=8Hz),
2.96 (2H, t, J=8 Hz), 3.67 (3H, s), 3.68 (1H, dd, /=13, 6 Hz), 3.75 (1H,
dd, J=13, 8Hz), 4.95 (1H, t, J=THz), 7.23 (2H, d, J=8.5Hz), 7.33
(2H, d, J=8.5Hz). MS m/z: 211, 213 (3: 1, M* —CH,N;).
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Compound 25b was prepared similarly from 24b.

Methyl 4-[4-(2-Azido-1-chloroethyl)phenyl]butyrate (25b) Pale yellow
oil, yield 100%. IR (lig.): 2112 (N;), 1738 (C=0)cm ™. 'H-NMR
(CDCl,) 6: 1.94 (2H, qn, J=7.5 Hz), 2.33 (2H, t, J=7.5Hz), 2.66 (2H,
t, J=7.5Hz), 3.67 (3H, s), 3.68 (1H, dd, /=13, 7Hz), 3.75 (1H, dd,
J=13, 6Hz), 495 (1H, t, J=7Hz), 7.20 (2H, d, /=8 Hz), 7.33 (2H, d,
J=8Hz). MS m/z: 225, 227 (3:1, M* —CH,N,).

Methyl 3-[4-[2-Azido-1-(1-imidazolyl)ethyl |phenyl]propionate (26a)
A mixture of 25a (14.3 g, 53.4mmol) and imidazole (9.09 g, 0.133 mol)
in toluene (30ml) was heated at 110°C for 2.5h. After cooling, the
reaction mixture was acidified with dilute HCl, and washed with Et,0.
The aqueous layer was made alkaline with K,CO;, and extracted with
CH,Cl,. The extract was washed with water, dried and concentrated.
The residue was purified by column chromatography [SiO,, CH,Cl,—
MeOH (40: 1)] to yield 26a (2.20 g, 14%) as a pale yellowish brown oil.
IR (lig.): 2108 (N3), 1734 (C=0)cm "', 'H-NMR (CDCl;) §: 2.62 (2H,
t, /=8 Hz), 2.95 (2H, t, J=8 Hz), 3.66 (3H, s), 3.93—4.01 (2H, m), 5.31
(1H, dd, J=38, 5.5Hz), 6.99 (1H, s), 7.12 (1H, s), 7.13 (2H, d, /=8 Hz),
7.23 (2H, d, J=8Hz), 7.61 (1H, s). MS m/z: 299 (M*). High-resolution
MS mjz: Caled for C;sH,,NsO,: 299.1382. Found: 299.1389.

Compound 26b was prepared similarly from 25b.

Methyl 4-[4-(2-Azido-1-(1-imidazolyl)ethyl]phenyl]butyrate (26b)
Pale reddish brown oil, yield 25%. IR (liq.): 2108 (Nj), 1734
(C=0)cm™!. 'TH-NMR (CDCl,) é: 1.94 (2H, gn, J=7.5Hz), 2.32 (2H,
t, J=7.5Hz), 2.65 (2H, t, J=7.5Hz), 3.66 (3H, s), 3.93—4.01 (2H, m),
5.31 (1H, dd, J=8, 5.5Hz), 6.99 (1H, s), 7.12 (1H, s), 7.13 (2H, d,
J=8Hz), 7.20 (2H, d, J=8Hz), 7.61 (1H, s). MS m/z: 313 (M™").
High-resolution MS m/z: Caled for C,¢H,(N;O,: 313.1539. Found:
313.1543.

Methyl 3-[4-[2-Amino-1-(1-imidazolyl)ethyl]phenyl]propionate (27a)
Compound 27a was prepared from 26a in the same manner as 8a. Pale
brown oil, yield 87%. IR (lig.): 3380 (NH,), 1736 (C=0)cm ™ !. 'H-NMR
(CDCIl,) 6: 1.13 (1H, br), 1.68 (1H, br), 2.62 (2H, t, J=8 Hz), 2.94 (2H,
t, J=8 Hz), 3.40 (1H, dd, J=14, 6Hz), 3.45 (1H, dd, J=14, 8.5Hz),
3.67 (3H, s), 5.13 (1H, dd, J=8.5, 6 Hz), 7.00 (1H, s), 7.11 (1H, s), 7.12
(2H, d, J=8Hz), 7.20 (2H, d, J=8Hz), 7.63 (1H, s). MS m/z: 244
(M* —CH;N).

Methyl 4-[4-[2-Amino-1-(1-imidazolyl)ethyl]phenylJbutyrate (27b)
Compound 27b was prepared from 26b in the same manner as 8a. Pale
brown oil, yield 94%. IR (liq.): 3372 (NH,), 1734 (C=0)cm~!. '"H-NMR
(CDCl,)é: 1.40(2H, br), 1.94 (2H, qn, J=7.5Hz),2.32 (2H, t,/=7.5 Hz),
2.64 (2H, t, J=7.5Hz), 3.40 (1H, dd, J=15.5, 6Hz), 3.40 (1H, dd,
J=15.5, 8.5Hz), 3.66 (3H, s), 5.13 (1H, dd, J=8.5, 6 Hz), 7.00 (1H, s),
7.11 (1H, s), 7.11 (2H, d, J=8.5Hz), 7.17 (2H, d, J=8.5Hz), 7.63 (1H,
s). MS m/z: 258 (M* —CH;N).

Methyl 3-[4-[2-(4-Chlorobenzenesulfonamido)-1-(1-imidazolyl)ethyl]-
phenyl]propionate (282) Compound 28a was prepared from 27a in the
same manner as 9a. Colorless needles, mp 131—134°C (AcOEt), yield
29%. IR (KBr): 1744 (C=0)cm~'. 'H-NMR (CDCl,) 4: 2.61 (2H, t,
J=8Hz), 2.93 (2H, t, J=8 Hz), 3.54 (1H, dd, /=14.5, 10Hz), 3.66 (3H,
s), 3.68 (1H, dd, J=14.5,4.5Hz), 5.34 (1H, dd, /=10, 4.5 Hz), 6.86 (1H,
s), 6.92 (1H, s), 7.07 2H, d, J=8Hz), 7.19 (2H, d, J=8Hz), 7.43 (IH,
s), 7.48 2H, d, J=9Hz), 7.80 2H, d, J=9Hz). MS m/z: 447, 449 (3: 1,
M™). 4nal. Caled for C,,H,,CIN,0,S: C, 56.31; H,4.95; N, 9.38. Found:
C, 56.38; H, 4.96; N, 9.28.

Methyl 4-[4-[2-(4-Chlorobenzenesulfonamido)-1-(1-imidazolyl)ethyl]-
phenylJbutyrate (28b) Compound 28b was prepared from 27b in the
same manner as 9a. Colorless needles, mp 102—103°C (AcOEt-iso-
Pr,0), yield 35%. IR (KBr): 1740 (C=0)cm ™ !. *H-NMR (CDCl,) é:
1.92 (2H, gn, J=7.5Hz), 2.31 2H, t, J=7.5Hz), 2.63 2H, t, J=7.5Hz),
3.55(1H,dd, J=14.5, 10 Hz), 3.66 (3H, s), 3.68 (1H, dd, J=14.5, 4.5 Hz),
5.34 (1H, dd, J=10, 4.5Hz), 6.86 (1H, s), 6.91 (IH, s), 7.07 (2H, d,
J=8Hz), 7.16 2H, d, /=8 Hz), 7.43 (1H, s), 7.47 2H, d, /=9 Hz), 7.80
(2H, d, J=9Hz). MS m/z: 461, 463 (3:1, M*). Anal. Calcd for
C,,H,,CIN;0,S: C, 57.20; H, 5.24; N, 9.10. Found: C, 57.21; H, 5.04;
N, 9.09.

3-[4-[2-(4-Chlorobenzenesulfonamido)-1-(1-imidazolyl)ethyl Jphenyl]-
propionic Acid (29a) Compound 29a was prepared from 28a in the same
manner as 10a. Pale yellow amorphous solid, yield 94%. IR (KBr): 1710
(C=0)cm™!, TH-NMR (DMSO-d;) §: 2.50 (2H, t, J=8 Hz), 2.80 (2H,
t, J=8 Hz), 3.45—3.50 (1H, m), 3.67—3.73 (1H, m), 5.44 (1H, dd, /=9,
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5.5Hz), 7.10 (1H, s), 7.20 2H, d, J=8Hz), 7.25 (2H, d, J=8Hz), 7.41
(1H, s), 7.62 (2H, d, J=8.5Hz), 7.78 (2H, d, J=8.5Hz), 8.10 (1H, t,
J=6Hz), 8.20 (1H, s). MS m/z: 230 M+ —C,H4CINO,S).

4-[4-[2-(4-Chlorobenzenesulfonamido)-1-(1-imidazolyl)ethyl]phenyl]-
butyric Acid (29b) Compound 29b was prepared from 28b in the same
manner as 10a. Colorless needles, mp 182—185°C (MeOH-acetone),
yield 90%. IR (KBr): 1696 (C=0)cm™'. 'H-NMR (DMSO-d) 6: 1.77
(2H, qn, J=7.5Hz), 2.19 (2H, t, J=7.5Hz), 2.56 (2H, t, J=7.5Hz),
3.43—3.48 (1H, m), 3.62—3.67 (1H, m), 5.36 (1H, dd, /=9, 5.5Hz),
6.90 (14, s), 7.15 (2H, d, J=8Hz), 7.22 (2H, d, J=8Hz), 7.25 (1H, s),
7.62 (2H, d, J=8.5Hz), 7.77 (2H, d, J=8.5Hz), 7.80 (1H, s), 8.03 (1H,
t, J=6Hz). MS mjz. 447, 449 (3:1, M*). Anal. Caled for
C,,H,,CIN;0,S: C, 56.31; H, 4.95; N, 9.38. Found: C, 56.44; H, 4.91,
N, 9.27.

Inhibitory Effect on U-46619-Induced Guinea-Pig Platelet Aggrega-
tion Blood was collected from the abdominal aorta of guinea-pigs
(about 400¢g wt.) into 1/10 volume of 3.8% sodium citrate, and then
platelet-rich plasma (PRP: 6 x 10° cells/ul) was obtained by centrifuga-
tion. PRP (190 ul) in a cuvette was incubated with 1 ul of DMSO solution
of a test compound for 2min at 37°C in an aggregometer (Hema Tracer
I; Niko Bioscience). A 10 ul aliquot of U-46619 (Cayman), a TXA,/PGH,
receptor agonist and potent platelet aggregation inducer, was added to
PRP to give a final concentration of 2 ug/ml, and platelet aggregation
was measured with an aggregometer. The IC;, values were calculated
graphically from the concentration—% inhibition relations.

Inhibitory Effect on TXA, Synthase Commercial human platelet
membrane fraction (Eldan Technologies) (100 ug/ml, 285 ul) as a source
of TXA, synthase, a DMSO solution of test compound (10 ul) and
100 ug/ml (5 ul) of PGH, (Cayman) were mixed and allowed to react for
3min at 25°C. The produced TXB,, a stable metabolite of TXA ,, was
determined by an RIA method (TXB, quantification kit; Du Pont/NEN
Research Products). The IC values were calculated graphically.
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