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Abstract-Nucleophilic substitution reactions of (S)- and (R)-1-(2-pyridinyl)ethyl
methanesulfonate with S- and O-nucleophiles are described. The reaction of §-
nucelophiles, such as aryl- and alkylthiols, and thioacetic acid, gave substituted sul-
fide and thioacetate with inversion of the configurations. For the reaction of O-
nucleophiles, sodium phenoxides gave aryl ethers in good yields stereospecifically,
but sodium alkoxide gave complex mixtures including racemic alkyl ether. Reac-

tions with sodium carboxylate afforded the corresponding ester stereospecifically.

INTRODUCTION

Chiral ligands have become important not only for asymmetric reactions but also for molecular
recongnitions of chiral molecules.! An enormous number of chiral amine ligands have reported so far,?
and a pyridine unit has been widely used as a functional part for the chiral ligands.> However, a few
preparations of chiral pyridines in which the chiral center is located directly on the pyridine ring have
been reported.* Synthesis of such a chiral pyridine is of our interest.> Recently, we have reported lipase-
catalyzed kinetic acetylation of 1-(2-pyridinyl)ethanols with a highly enantiomeric excess,® and stereospe-
cific replacement of the chiral alcohol with some nitrogen and sulfur nucleophiles via its methanesulfonate.”
Since the substitution reaction of (S)- and (R)-1-(2-pyridinyl)ethyl methanesulfonates ((S)- and (R)-3)
was found to proceed with an inversion of the configuration, this reaction has offered a novel method for
preparing optically active pyridine derivatives. In this paper, we report the details of stereospecific substi-

tutions of optically pure (S)- and (R)-3 with sulfur nucleophiles and an additional result with oxygen

nucleophiles.

This paper is dedicated to Professor Sho Itd on the occasion of his 77th birthday.
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Highly optically pure (8)-1-(2-pyridinyl)ethanol ((S)-1) and (R)-1-(2-pyridinyl)ethyl acetate ((R)-2) were
obtained by the lipase-catalyzed Kinetic acetylation of 1-(2-pyridinyl)ethanol with vinyl acetate.®
Methanolysis of (R)-1-(2-pyridinyl)ethyl acetate provided optically pure (R)-1-(2-pyridinyl)ethanol ((R)-
1) quantitatively. In this reaction sequence, both (5)- and (R)-1 are available in preparative scales. Mesylation
of both enantiomers was performed by treating the alcohols with an excess of methanesulfonyl chloride in
methylene chloride in the presence of DMAP to give (S)- and (R)-3 in 85-95% yields.” The mesylate is
fairly stable in refrigator and decomposing gradually at room temperature, though its color became red after

removal of solvents.

Substitution Reaction with S-Nucleophiles

When (S5)-3 was treated with thiophenol in DMSO in the presence of triethylamine at room temperature,
sulfide ((R)-4a) was obtained in 87% yield. The optical purity was determined to be 98% ee by HPLC using
a chiral column ( Chiralcel OJ). In the same manner, reactions with pyridine-2-thiol and pyrimidine-2-thiol
gave the corresponding sulfides, ((R)-4b and (R)-4c) in 76 and 87% yields, respectively. However, the
reaction with quinoline-2-thiol gave (R)-4d in poor yield. When NaH was used instead of an amine base in
a mixture of DMSO and THF, the chemical yield was dramatically improved to 86%. When the obtained
(R)-4d was retreated under the same conditions in a mixture of DMSO and THF in the presence of sodium
salt of quinoline-2-thiol, the specific rotation ([a],* +607°) of (R)-4d did not change even after 12 h. This
result suggested that epimerization did not occur under these reaction conditions. The poor reactivity of

cyclohexanethiol and dodecanethiol with amine bases was also improved by the use of their sodium salts.
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(R)-4e and (R)-4f were both obtained in 76% yields. In the same manner, N-Boc protected cysteine ethyl
ester gave the corresponding pyridinyl sulfide ((R)-4g) in 47% yield as a single diastereomer. Some of these
substitution reactions were carried out using (R)-3 enantiomer, and (S5)-4 enantiomers were obtained in

(R)4e R =

(R4a R

(R-4b R

similar yields.

The absolute configuration of sulfide was determined by X-Ray crystallographic analysis after oxidation to
sulfoxide. Thus, (R)-4d was oxidized with 1.2 eq. molar of mCPBA to give a pair of diastereomers (§ and
5%) in 56% yield along with a small amount of sulfone in 13% yield. After separation of the sulfoxides by

silica gel column chromatography, one (5°) of them became a good single crystal, which was subjected to

X-Ray, and eventually the (R)-stereocenter on the chiral carbon was confirmed.
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On the other hand, the reaction of (§)-3 with an excess of sodium thiocyanate at 60° C in DMSO for 30 min
gave 1-(2-pyridinyl)ethyl thiocyanate ((R)-6) in 37% yield. Though the specific rotation was —33° after
purification by silica gel column chromatography, exposure of this compound to the same reaction condi-
tions for 6 h caused the loss of optical purity, and racemic mixtures were obtained. This result indicates that
the product was initially obtained in optically pure form, and then gradually racemized under the reaction

conditions.



738 HETEROCYCLES, Vol. 54, No. 2, 2001

Substitution Reaction with O-Nucleophiles

Next, we examined the substitution reactions with phenols and alcohols. The reaction of (S)-3 with sodium
salt of p-methoxyphenol at 60° C for 1 h gave anisyl ether ((R)-7a) in 96% yield. Under the same condi-
tions, the reaction with sodium phenoxide gave (R)-7b in 92% yield. On the other hand, sodium salt of p-
nitrophenol was less reactive and gave (R)-7¢ in only 48% yield along with 30% recovery of the starting
mesylate. These results suggested that nucleophilicity was important and an electron-withdrawing group
on the aromatic ring reduced the reaction rate. In fact, amine bases did not work at all. Sodium salt of 2-
quinolinol also reacted with (S)-3 to give (R)-7d in 60% yield. We tried to determine the ee value of (R)-7a-
d by HPLC but without success. Since the specific rotation values of (R)-7a and (R)-7b, [a] * +7.5° and —
17.0°, were not changed when they were treated with sodium phenoxide in DMSO for 6 h, it was assumed
that an epimerization at the chiral carbon center did not take place in the reaction process. Considering this
result and the complete inversion of the chiral center in the cases with nitrogen nucleophiles as well as
sulfur nucleophiles, it was thought that the reaction with phenoxide would proceed stereospecifically with
inversion of the configuration. Although O-substitution worked well for a phenol-type hydroxy group, the
substitution reaction with alkoxides gave complex mixtures including alcohol (1). The reaction of ($)-3
with sodium ethoxide gave 7e only in 12% yield, which showed [a] ** -3° (¢ 0.50, in CHCL,). Since the
authentic material for (R)-7e, prepared form (R)-1 with ethyl iodide independently, showed [a] *°-75° (¢
0.70, in CHCL,), compound (7e) was almost racemized in the reaction. The major product in the reaction

was (R)-1, which was presumably formed by hydrolysis of methanesulfonate ester.

RONa “
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Substitution Reaction with S- and O-Carboxylate

If the substitution reaction of S- or O-carboxylate anion with 3 can also take place with inversion of the
chiral center, stereochemically inverted 1-(2-pyridinyl)ethanethiol or 1-(2-pyridinyl)ethanol would be at-
tained after hydrolysis of the products. Indeed, the reaction of (5)-3 with thioacetic acid in the presence of
tricthylamine gave thioester ((R)-8a) in 80% yield. Methanolysis of the ester gave (R)-1-(2-pyridinyl)-
ethanethiol ((R)-9) in 51% yield. In the same manner, the reaction of potassium acetate and benzoate gave
(R)-2 and (R)-8b in 71% and 87% yields, respectively. Hydrolysis of (R)-2 afforded (R)-1, which possessed
nearly 98% of ee.
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When sodium salt of (R)-9 was treated with (5)-3 in DMSO, sulfide (10) was obtained in 72% yield. The
specific rotation showed [a] ?* +404° (c 2.78, in CHCL,), and no meso isomer was found in the crude
mixture of the nmr spectrum. The formation of this single and optically active diastereomer apparently
indicated that the newly formed chiral center has an (R)-configuration. The results supported the notion

that the substitution reaction also occurs through an SN2 replacement mechanism.
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Finally, in the relation of our previous work in sulfoxide chemistry,® chiral sulfoxides (5 and 5°) were
subjected to ligand coupling reaction.” Treatment of 5 with ethylmagnesium bromide in THF at room
temperature gave 1-(2-pyridinyl)-1-(2-quinolinyl)ethane (11) in 30% yield. The reaction of 5’ also gave
the same product in 45% yield. The products have the same specific rotation, [a]D27 +11° (¢ 0.54, in
CHCL,). The stereochemistry of 11 was assumed to have an (R)-configuration, because it has been estab-
lished that ligand coupling reactions of sulfoxide proceed with retention of the configuration.’® The prod-
uct (11) is quite interesting for a ligand having no heteroatom substituent on the tertiary chiral carbon

center located between 2-quinoline and 2-pyridine rings.
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In conclusion, optically pure pyridinyl sulfides, aryl ethers, and esters can be prepared by the substitution
reaction of optically active 1-(2-pyridinyl)ethyl methanesulfonate with S- and O-nucleophiles. These new

EXPERIMENTAL

'"H NMR were recorded on JEOL LA -500 and 300 (500 and 300 MHz) and Varian Gemini-300 (300 MHz)
spectrometers in CDCI, with tetramethylsilane as an internal standard. MS spectra were obtained on JASCO
IMS-MS700, IMS-GC mate, and IMS-SX 102A QQ instruments. IR spectra were recorded on JASCO FT/
IR-230 and 410 instruments. All air- or moisture-sensitive reactions were carried out in flame-dried glass-
ware under Ar or N, atmosphere. THF was distilled freshly over sodium/benzophenone ketyl under nitro-
gen atmosphere, and DMSO was dried over CaH,, and they were distilled before the use. Thin layer chro-
matography (TLC) was performed with Merck 60F,, precoated silica gel plates. Column chromatography

was carried out using Merck silica gel 60 (70-230 mesh) for gravity column.

Substitution Reaction with S-Nucleophiles. Method A ; To a stirred solution of (S)- or (R)-3 (1 mmol) and
triethylamine (606 mg, 6 mmol) in DMSO (6.8 mL) was added thiol (2 mmol) at rt. After 40 min, the
mixture was quenched with saturated NaHCO, (6 mL) and extracted with Et,O (150 mL). The organic layer
was separated and washed with water and brine, then dried over MgSO, and concentrated. The residual oil
was purified by column chromatography on silica gel eluted with a mixture of EtOAc and hexane. The
eluents were 10% EtOAc in hexane for 4a, 30% for 4b, and 50% for 4¢. Method B; To a stirred suspension
of NaH (60% in mineral oil, 80 mg, 2 mmol) in DMSO-THF (1 : 1, 4.8 mL) was added thiol (2 mmol) at rt.
After evolution of hydrogen gas was stopped, the mixture was added to a stirred solution of (S§)- or (R)-3 (1
mmol) in DMSO (2.2 mL) at the same temperature. The mixture was then stirred for 30 min to 7 h at rt or
60 °C and Et,O (150 mL) was added to the reaction mixture. The mixture was washed with saturated aq.
NaHCO3, water and brine, and dried over MgSO - The solvent was removed and the residual oil was
purified by column chromatography on silica gel eluted with a mixture of EtOAc and hexane. The eluents
were 5% for 4d, 4e,and 4f, and 20% for 4g.

Phenyl (R)-1-(2-pyridinyl)ethyl sulfide (4a). (Method A) Yield 87% as an oil. Rf = 0.56 (30% EtOAc in
hexane); [a] ) +207 ° (¢ 1.59, CHCL)); '"H NMR (300 MHz) 6 1.67 (3H, d,J = 7.0 Hz, -CHCH,), 4.50 (1H,
q,J=7.0Hz, -CHCH,), 7.11 (1H, ddd, J = 7.3, 5.0, 0.9 Hz, Ar-H), 7.15-7.33 (6H, m), 7.57 (1H, W, /= 7.7,
1.8 Hz, Ar-H), 8.52 (1H, dm, J = 4.0 Hz, Ar-H); 3C NMR (75 MHz) 6 21.0, 49.1, 121.6, 121.9, 126.9,
128.6, 131.9, 134.7, 136.5, 149.1, 162.2; MS (EI) m/z 215 (M*); HRMS (EI) m/z Calcd for C _H NS:
215.0768 (M*). Found: 215.0783.

2-Pyridinyl (R)-1-(2-pyridinyl)ethyl sulfide (4b). (Method A) Yield 76% as an oil. Rf = 0.37 (20% EtOAc
in hexane); [a]"* +319 ° (¢ 1.44, CHCL,); '"H NMR (300 MHz) 6 1.78 (3H, d, J = 7.0 Hz, -CHCH,), 5.23
(1H, q,J=7.1Hz,-CHCH,), 6.96 (1H,ddd, J =7.3,5.0, 1.1 Hz, Ar-H), 7.15 (2H, d, J=7.3 Hz, Ar-H), 7.45
(2H,d,J=7.5Hz,Ar-H), 7.63 (1H, td, J="7.7, 1.8 Hz, Ar-H), 8.50 (2H, d, J= 4.9 Hz, Ar-H), 8.59 (1H, dm,
J=4.0Hz, Ar-H); ®C NMR (75 MHz) 6 21.4, 44.8, 119.5, 121.9, 121.9, 122.5, 135.9, 136.5, 149.3, 149.3,
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158.6, 162.3; MS (EI) m/z 216 (M*); HRMS (EI) m/z Calcd for C _H N,S: 216.0722 (M"). Found: 216.0681.
2-Pyrimidinyl (R)-1-(2-Pyridinyl)ethyl sulfide (4¢). (Method A) Yield 87% as an oil. Rf = 0.37 (20%
EtOAc in hexane); [a] 7 +289 ° (c 2.01, CHCL,); 'H NMR (300 MHz) 3 1.81 3H, d, J=7.1 Hz, -CHCH)),
520 (1H, q,J=7.1 Hz,-CHCH,), 6.94 (1H,t,J = 49 Hz, Ar-H), 7.16 (1H, ddd, J = 7.5, 4.9, 1.1 Hz, Ar-H),
7.47(1H,d,J=79Hz, Ar-H),7.63 (1H, td, J=7.7, 1.8 Hz, Ar-H), 8.50 (2H, d, J= 4.9 Hz, Ar-H), 8.59 (1H,
dm, J = 4.0 Hz, Ar-H); ®C NMR (75 MHz) 6 21.2, 45.5, 116.3, 121.8, 121.9, 136.5, 149.2, 157.1, 161.8,
171.9; MS (EI) m/z 217 (M*); HRMS (EI) m/z Calcd for C, H \N,S: 217.0673 (M*). Found: 217.0704.
2-Quinolinyl (R)-1-(2-pyridinyl)ethyl sulfide (4d). (Method B) Yield 86% as an oil. Rf = 0.62 (30%
EtOAc in hexane); [o] ) +607 ° (c 1.53, CHCL,); 'H NMR (300 MHz) 3 1.86 (3H, d, J=7.2 Hz, -CHCH,),
5.54(1H,q,J=72Hz,-CHCH,), 7.11 (1H,ddd, J=6.7,4.9, 2.1 Hz, Ar-H), 7.16 (1H, d, J = 8.7 Hz, Ar-H),
7.40 (1H, td, J = 7.0, 1.2 Hz, Ar-H), 7.52 -7.65 3H, m, Ar-H), 7.67 (1H, d, J= 7.7 Hz, Ar-H) 7.82 (1H, d,
J=7.7Hz, Ar-H),7.95 (1H, d, J = 8.4 Hz, Ar-H), 8.59 (1H, dm, J = 4.6 Hz, Ar-H); *C NMR (75 MHz)
20.7,43.9, 120.4, 121.5,121.9, 124.7, 125.5, 127.1, 127.4, 129.1, 134.9, 136.0, 147.7, 148.8, 158.3, 162.0;
MS (EI) m/z 266 (M*); HRMS (EI) m/z Calcd for C H N.S: 266.0877 (M*). Found: 266.0897.
Cyclohexyl (R)-1-(2-pyridinyl)ethyl sulfide (4e). (Method B) Yield 76% as an oil. Rf = 0.33 (10% EtOAc
in hexane); [o] ) +151 ° (¢ 1.78, CHCL,); '"H NMR (500 MHz) & 1.20-2.10 (10H, m), 1.58 3H, d, J=7.2
Hz,-CHCH)), 2.35-2.55(1H, m), 4.18 (1H, q, J= 7.1 Hz, -CHCH,), 7.13 (1H, ddd, J=7.4,4.9, 1.2 Hz, Ar-
H),7.43 (1H,td,J=7.9,09 Hz, Ar-H), 7.65 (1H, td, J = 7.5, 1.8 Hz, Ar-H) 8.50 (1H, ddd, J = 5.0, 1.8,0.9
Hz, Ar-H); 3C NMR (125 MHz) 9 21.8, 25.8, 25.9, 26.0,33.5,33.9,43.0,44.3, 121.4, 121.8, 136.7, 148.8,
164.1; MS (FAB) m/z 222 (M*+H); HRMS (FAB) m/z Calcd for C H, NS: 222.1316 (M*+H). Found:
222.1293.

Dodecanyl (R)-1-(2-pyridinyl)ethyl sulfide (4f). (Method B) Yield 76% as an oil. Rf=0.31 (5% EtOAc in
hexane); [a] * +105 ° (c 1.82, CHCL); '"H NMR (300 MHz) 4 0.55 (3H, t, J = 6.5 Hz) 1.11-1.34 (18H, m),
1.36-1.51 (2H, m), 1.59 (3H, d, J=7.1 Hz, -CHCH,), 2.05-2.44 (2H, m), 4.06 (1H, q, J=7.1 Hz, -CHCH,),
7.12(1H,ddd, J=7.5,5.0, 1.2 Hz, Ar-H), 739 (1H, d, J=79 Hz, Ar-H), 7.63 (1H, td, J = 7.7, 1.9 Hz, Ar-
H)8.49 (1H, d, J= 5.0 Hz, Ar-H); ®C NMR (75 MHz) 8 14.1, 21.1, 22.6, 28.8, 29.1, 29.3,29.4, 294, 29.5,
29.6,29.6,31.9,32.1,45.7, 121.4, 121.8, 136.6, 148.8, 163.6; MS (FAB) m/z 308 (M*+H); HRMS (FAB)
m/z Caled for C H, NS: 308.2412 (M*). Found: 308.2382.

Ethyl (R)-2-[(t-butoxycarbonyl)amino]-3-{ (R)-1-(2-pyridinyl)ethyl]thiopropanate (4g). (Method B) Yield
47% as an oil. Rf=0.29 (30% EtOAc in hexane); [a] 7 +100 ° (c 1.90, CHCL); 'H NMR (300 MHz) 8 1.27
(3H, tm, J=7.2 Hz, -CH,CH,) 1.44 (SH, s, +-Bu), 1.60 (3H, d, /= 7.2 Hz, -CHCH,), 2.82 (2H, m), 4.05-4.20
(2H, m, -OCH,CH,), 4.17 (1H, q,J=7.2 Hz, -CHCH,), 4.43 (1H, br q, J = 5.3 Hz), 5.56 (1H, m), 7.17 (1H,
dd,J=5.0,0.7Hz, Ar-H), 7.36 (1H, d, J= 7.9 Hz, Ar-H), 7.67 (1H, td, J= 7.7, 1.7 Hz, Ar-H) 8.55 (1H, d,
J=5.0Hz, Ar-H); ®C NMR (75 MHz) d 14.1, 20.8, 28.2,33.3,45.8, 53.5,61.5,79.8, 121.4, 122.2, 136.9,
149.0, 155.2, 162.5, 171.0; IR (neat) 1755, 1720 cm™'. MS (EI) m/z 354 (M*); HRMS (EI) m/z Calcd for
C,,H,[N,O,S: 354.1613 (M"). Found: 354.1608.

2-Quinolinyl (R)-1-(2-pyridinyl)ethyl sulfoxide, (5) and (5°). To a stirred solution of (R)-4d (100 mg,
0.38 mmol) in CHCl3 (8 mL) was added mCPBA (98 mg, 85% activity, 0.48 mmol) little by little at rt. The
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reaction mixture was stirred forl h, and then quenched with saturated ag. NaHCO, (1.5 mL). The mixture
was extracted with CHCI, (80 mL), and washed with water and brine, and dried over MgSO,. The solvent
was removed and the residual oil was purified by column chromatography on silica gel eluted with 30%
EtOAc in hexane to give § (30 mg, 28%), 5’ (30 mg, 28%), and sulfone (15 mg, 13%). § oil; Rf = 0.56 (50%
EtOAc in hexane); [] > -130 ° (c 1.30, CHCL,); '"H NMR (300 MHz) 6 1.55 (3H, d, J=7.3 Hz, -CHCH)),
4.62 (1H,q,J=72Hz,-CHCH,), 7.24 (1H, dd, J= 6.5,2.8 Hz, Ar-H), 7.37 (1H, d, J = 7.7 Hz, Ar-H), 7.66
(2H, m,Ar-H), 7.79 (1H, W, J = 84, 1.5 Hz, Ar-H) 7.91 (2H, m, Ar-H), 8.08 (1H, d, /=84 Hz, Ar-H), 834
(1H, d, J=8.4 Hz, Ar-H), 8.57 (1H, d, J = 4.4 Hz, Ar-H); *C NMR (75 MHz) 8 10.5, 66.1, 116.5, 122.9,
123.3, 127.8, 127.9, 128.1, 129.4, 130.6, 136.6, 137.7, 147.4, 149.6, 156.5, 163.3; IR (neat) 1046 cm™. §’
colorless crystals, mp 87-88°C (hexane:EtOAc, 9:1); Rf = 0.44 (50% EtOAc in hexane); [a] 77 +457 ° (c
1.10, CHCL,); '"H NMR (300 MHz) & 1.88 (3H,d,J=7.2Hz, -CHCH)), 5.22 (1H, q,J="7.3 Hz, -CHCH,),
7.22 (1H,ddd, J=7.4,5.0,0.9 Hz, Ar-H), 7.29 (1H, d, J = 8.6 Hz, Ar-H), 7.56 (1H, d, J = 7.7 Hz, Ar-H),
7.69 (2H,dd, J=7.9, 1.8 Hz, Ar-H), 7.80-7.94 (3H, m, Ar-H), 8.22 (1H, d, J = 8.6 Hz, Ar-H), 8.44 (1H, d,
J=42Hz, Ar-H); B.C NMR (75 MHz)  14.3,65.2, 115.9, 122.6, 123.8, 127.7, 128.1, 1294, 130.5, 135.8,
137.3, 147.1, 148.8, 154.3, 163.2; IR (neat) 1057 cm*; MS (FAB) m/z 283 (M*+H); HRMS (FAB) m/z
Calced for C H N, OS: 283.0826 (M*+H). Found: 283.0899. Sulfone colorless crystals, mp 114-5°C (metha-
nol); Rf= 0.82 (50% EtOAc in hexane); [a] * +36 ° (¢ 1.43, CHCL,); "H NMR (300 MHz) 6 1.87 (3H,d, J
=7.2Hz,-CHCH,), 5.22 (1H, q,J =73 Hz, -CHCH,), 7.22 (1H, ddd, J = 7.4, 5.0, 0.9 Hz, Ar-H), 7.56 (1H,
d,J=7.7Hz,Ar-H),7.69 (2H, dd, J=7.9, 1.8 Hz, Ar-H), 7.80-7.94 (3H, m, Ar-H), 8.21 (1H, d, /= 8.2 Hz,
Ar-H), 828 (1H, d, J=8.7 Hz, Ar-H), 8.42 (1H, d, J = 3.7 Hz, Ar-H); 3C NMR (75 MHz) 8 13.3,64.2,
118.7, 123.5, 124.9, 127.7, 129.3, 130.3, 131.1, 136.9, 138.2, 147.3, 149.1, 153.1, 155.5, 168.3; IR (KBr)
1298, 1137 cm™.

1-(2-Pyridinyl)ethyl thiocyanate (6). To a stirred solution of (§)-3 (50 mg, 0.25 mmol) in DMSO (1.0 mL)
was added sodium thiocyanate (162 mg, 1.99 mmol) at rt. The mixture was stirred for 30 min at 60 °C. The
reaction mixture was diluted with Et,O (80 mL) and washed with water and brine, then dried over MgSO A
and concentrated. The residual oil was purified by column chromatography on silica gel eluted with 20%
EtOAc in hexane to give 6 (15 mg, 37%) as an oil. Rf = 0.65 (50% EtOAc in hexane); 'H NMR (300 MHz)
0191 3H, d, J=7.0Hz, -CHCH,), 470 (1H, q,J = 7.0 Hz, -CHCH,), 7.28 (1H, ddd, J = 7.5, 4.9, 1.0 Hz,
Ar-H),735(1H,d,J=79Hz,Ar-H),7.74 (1H,td, J= 7.7, 1.8 Hz, Ar-H) 8.59 (1H, d, J = 4.8 Hz, Ar-H); C
NMR (75MHz) 6 21.2,49.5, 111.8, 120.9, 123.0, 136.8, 149.3, 157.5; IR (neat) 2168 cm™; MS (El) m/z 164
(M*); HRMS (EI) m/z Calcd for CHN,S: 164.0408 (M*). Found: 164.0376.

Substitution Reaction with O-Nucleophiles. To a stirred solution of (S5)-3 (202 mg, 1 mmol) in DMSO
(2.2 mL) was added sodium salt (2 mmol) of phenol or alcohol in DMSO-THF (1 : 1, 6.0 mL), generated
from NaH and phenol or alcohol, at rt. The mixture was continued for 30 min to 20 h at 60 °C. After cooling,
it was diluted with Et O (150 mL) and washed with saturated aq. NaHCO,, water and brine. The organic
layer was dried over MgSO, and concentrated. The residual oil was purified by column chromatography on
silica gel eluted with a mixture of EtOAc and hexane. The eluents were 30% EtOAc in hexane for 7a and
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7b, 15% for 7¢, and 10% for 7d.

4-Methoxyphenyl (R)-1-(2-pyridinyl)ethyl ether (7a). Yield 96% as an oil. Rf = 0.45 (30% EtOAc in
hexane); [a] 2°+7.5 ° (¢ 3.00, CHCL,); '"H NMR (300 MHz) & 1.66 (3H, d, J = 6.6 Hz, -CHCH), 3.79 (3H,
s, OCH,), 535 (1H, q, J = 6.6 Hz, -CHCH,), 6.72-6.82 (4H, m, Ar-H), 7.20 (1H, t, J= 4.9 Hz, Ar-H), 745
(1H,d,J=8.1Hz, Ar-H), 7.67 (1H,td, J = 7.7, 1.7 Hz, Ar-H) 8.57 (1H, d, J = 3.7 Hz, Ar-H); "C NMR (75
MHz) 6 22.6, 55.5,77.4, 114.4, 116.5, 119.8, 122.2, 136.9, 148.8, 151.7, 153.7, 162.6; MS (EI) m/z 229
(M*); HRMS (EI) m/z Calcd for C H NO,: 229.1103 (M*). Found: 229.1097.

Phenyl (R)-1-(2-pyridinyl)ethyl ether (7b). Yield 92% as an oil. Rf = 0.46 (30% EtOAc in hexane); [o] ¥’
-17° (c 1.8, CHCL,); 'HNMR (300 MHz) & 1.68 (3H,d,J=6.5Hz, -CHCH)), 6.89 (1H, q,/=6.5Hz,
-CHCH,), 6.85-6.91 (3H, m, Ar-H), 7.17-7.22 (3H, m, Ar-H), 7.44 (1H, d, J= 8.0 Hz, Ar-H), 7.66 (1H, td,
J=77,1.8Hz,Ar-H) 858 (1H, d, J = 49 Hz, Ar-H); ®C NMR (75 MHz) 6 22.7,76.7, 115.5, 119.8, 120.7,
122.3, 129.4, 137.1, 148.8, 157.6, 162.5; MS (EI) m/z 199 (M*); HRMS (EI) m/z Calcd for C H NO:
199.0997 (M*). Found: 199.0998.

4-Nitrophenyl (R)-1-(2-pyridinyl)ethyl ether (7¢). Yield 48% as an oil. Rf=0.37 (30% EtOAc in hex-
ane); [a] * +36 ° (¢ 1.70, CHCL,); '"H NMR (300 MHz) 6 1.74 (3H, d, J= 6.5 Hz, -CHCH,), 5.52 (1H, q, J
=6.5Hz, -CHCH,), 6.94 (2H,d, J=9.2 Hz, Ar-H), 7.23 (1H,dd, J=7.3,49 Hz, Ar-H), 7.38 (1H, d, J= 8.1
Hz, Ar-H),7.69 (1H, td, J = 7.7, 1.5 Hz, Ar-H), 8.11 (2H, d, J = 9.2 Hz, Ar-H), 833 (1H, d, J =49 Hz, Ar-
H); BCNMR (75 MHz) 8 22.5,77.9, 115.5, 119.6, 122.9, 125.7, 137.3, 141.4, 149.1, 160.8, 162.7; IR (neat)
1515, 1342 cm™; MS (EI) m/z 244 (M*); HRMS (EI) m/z Calcd for C _H N,O,: 244.0848 (M*). Found:
244.0852.

2-Quinolinyl (R)-1-(2-pyridinyl)ethyl ether (7d). Yield 60% as an oil. Rf = 0.68 (50% EtOAc in hexane);
[],+219 ° (¢ 1.23, CHCL,); '"H NMR (300 MHz) 3 1.76 (3H, d, J = 6.6 Hz, -CHCH,), 6.54 (1H, q, J = 6.6
Hz,-CHCH,), 6.99 (1H, d, J= 8.8 Hz, Ar-H), 7.13 (1H, dd, J = 6.8, 4.5 Hz, Ar-H), 7.31 (1H, d, J="7.0 Hz,
Ar-H),7.48 (1H, d, J=7.0 Hz, Ar-H),7.52-7.67 (3H, m, Ar-H), 7.75 (1H, d, J = 8.4 Hz, Ar-H), 7.96 (1H, d,
J=8.8Hz, Ar-H) 8.59 (1H, d, J = 4.8 Hz, Ar-H); *C NMR (75 MHz) 3 21.1, 73.5, 113.2, 120.5, 122.1,
123.9,125.1, 127.3, 128 3, 129.3, 136.5, 138.7, 146.4, 149.1, 161.0, 162.0; MS (EI) m/z 250 (M*); HRMS
(EI) m/z Caled for C H N, O: 250.1106 (M*). Found: 250.1119.

(R)-1-(2-Pyridinyl)ethyl thioacetate (8a). To a stirred solution of (5)- 3 (202 mg, 1.00 mmol) and triethy-
lamine (610 mg, 6.02 mmol) in DMSO (6.7 mL) was added thioacetic acid (149 mg, 6.02 mmol) at rt. The
mixture was stirred for 2.5 h at the same temperature and quenched with saturated ag. NaHCO,. The mix-
ture was extracted with Et, O. The organic layer was washed with water and brine, then dried over MgSO,
and concentrated. The residual oil was purified by column chromatography on silica gel eluted with 10%
EtOAc in hexane to give (R)-8a (145 mg, 80%)as an oil. Rf = 0.56 (30% EtOAc in hexane); [a] * +253° (¢
2.03, CHCL,); 'H NMR (300 MHz) 8 1.69 (3H, d, J= 7.2 Hz, -CHCH,), 2.32 (3H, s, C(O)CH,), 4.83 (1H, q,
J=72Hz,-CHCH,),7.16 (1H, ddd, J=7.5,4.9, 1.0 Hz, Ar-H), 7.32 (1H, d, J = 7.7 Hz, Ar-H), 7.63 (1H,
td,J=7.7, 1.8 Hz, Ar-H), 8.57 (1H, dt,J=4.7,0.9 Hz, Ar-H); ®C NMR (75 MHz) 6 21.0,30.4, 44.5, 122.0,
122.2 136.7, 149.5, 161.2, 195.1; IR (neat) 1692 cm™; MS (EI) m/z 181 (M*); HRMS (EI) m/z Calcd for
C,H, NOS: 181.0561 (M*). Found: 181.0581.
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(R)-1-(2-Pyridinyl)ethanethiol (9). To a stirred solution of (R)-8a (101 mg, 0.56 mmol) in methanol (2.0
mL) was added anhydrous K CO, (308 mg, 2.23 mmol) at rt. The mixture was stirred for 20 min at the same
temperature. The reaction mixture was concentrated and the residue was extracted with EtOAc. The organic
extract was washed with water and brine, dried over MgSO, and concentrated. The residual oil was
chromatographed on silica gel eluted with 20% EtOAc in hexane to give (R)-9 (39 mg, 51%) as an oil. Rf =
0.28 (50% EtOAc in hexane); [a] " +236 ° (¢ 2.00, CHCIL,); '"H NMR (300 MHz) 3 1.73 (3H, d, J= 6.9 Hz,
-CHCH)),2.55(1H, d, J= 6.8 Hz, SH), 4.25 (1H, q,J=6.9 Hz, -CHCH,), 7.15 (1H, td, J=4.3, 1.1 Hz,Ar-
H),734(1H,d,J=8.1 Hz, Ar-H), 7.65 (1H, td, J= 7.7, 1.9 Hz, Ar-H), 8.54 (1H, d, J = 44 Hz, Ar-H); °C
NMR (75 MHz) 8 19.2, 51.1, 121.9, 122.0, 136.0, 149.0, 160.7; MS (EI) m/z 139 (M*); HRMS (EI) m/z
Calcd for C_ HNS: 139.0455 (M*). Found: 139.0433.

Substitution Reaction with Potassium Carboxylates. To a stirred solution of (5)-3 (202 mg, 1 mmol) and
18-crown-0-6 (240 mg, 1 mmol) in DMSO (2 mL) was added potassium acetate or benzoate (10 mmol) at
rt. The mixture was stirred for 1 h at 60 °C and diluted with Et,O (100 ml). The mixture was then washed
with water and brine, then dried over MgSO, and concentrated. The residual oil was purified by column
chromatography on silica gel eluted with 30% EtOAc in hexane.

(R)-1-(2-Pyridinyl)ethyl acetate (2). Yield 71% as an oil. [oc]D24 +99 ° (¢ 1.43, CHCL,). All the spectro-
scopic data were consistent with those reported in ref. 6.

(R)-1-(2-Pyridinyl)ethyl benzoate (8b). Yield 87% as an oil. Rf= 0.48 (30% EtOAc in hexane); [a] * -39°
(¢ 1.90, CHCl,); '"H NMR (300 MHz) 8 1.75 (3H, d, J = 6.6 Hz, -CHCH,), 6.17 (1H, q, J = 6.6 Hz, -CHCH,),
7.22(1H,dd, J=7.4, 1.5Hz, Ar-H), 7.43-7.48 3H, m, Ar-H), 7.54-7.60 (1H, m, Ar-H), 7.67-7.73 (1H, m,
Ar-H), 8.11 (2H, d, J=7.0 Hz, Ar-H), 8.62 (1H, d, J = 4.9 Hz, Ar-H); *C NMR (75 MHz) 8 20.7, 73.6,
120.2, 122.6, 128.3, 129.6, 130.1, 133.0, 136.7, 149.2, 160.4, 165.7; IR (neat) 1725, 1235, 1073 cm™'; MS
(FAB) m/z 228 (M*+H); HRMS (FAB) m/z Calcd for C, H NO,: 228.1025 (M*+H). Found: 228.1029.
(R, R)-Di[1-(2-pyridinyl)ethyl] sulfide (10). The reaction of (5)-3 (69 mg, 0.34 mmol) with (R)-9 (75 mg,
0.50 mmol) was carried out under the same conditions described for the preparation of 4 by method A. The
reaction completed forl.5 h at rt. Purification was performed by column chromatography on silica gel
eluted with 20% EtOAc in hexane. (R, R)-10 (60 mg) was obtained in 72% yield. Oil. Rf = 0.35 (20%
EtOAc in hexane); [a] 77 +404° (c 2.78, CHCL,); 'H NMR (300 MHz) 3 1.45 (6H, d, J= 7.2 Hz, -CHCH)),
3.84(2H,q,J=7.2 Hz,-CHCH,), 7.11 (2H, ddd, J= 7.7, 5.0, 1.0 Hz, Ar-H), 7.32 (2H, dd, J= 7.7, 1.0 Hz,
Ar-H),7.61 (2H,td,J=7.7,1.8 Hz, Ar-H), 8.51 (2H, dd, J = 5.0, 1.8 Hz, Ar-H); ®C NMR (75 MHz, CDClL,)
820.7,44.7, 121.3,121.5, 1336.3, 148.6, 162.8; MS (EI) m/z 244 (M*); HRMS (EI) m/z Calcd for C H N.S:
244.1033 (M*). Found: 244.1047.

(R)-1-(2-Pyridinyl)-1-(2-quinolinyl)ethane (11). To a stirred solution of 5’ (216 mg, 0.765 mmol) in an-
hydrous THF (7.7 mL) was added ethylmagnesium bromide (1.15 mL, 1.02M THF solution) at 0°C. Then,
cooling bath was removed and the reaction was continued for 3 h at rt. An ice water and sat. NH ,Cl were

added and the mixture was extracted with CHZCIZ. The extract was washed with water and brine, and dried
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over MgSO,. After evaporation of the solvent, the residual oil was purified by silica gel clumn chromatog-
raphy eluted with 80% EtOAc in hexane to give 11 (78 mg, 45%). Oil. Rf=0.51 (80% EtOAc in hexane);
[a],* +11° (c 0.54, CHCL,); 'H NMR (500 MHz) 4 1.86 (3H, d, J =7.2 Hz), 4.68 (1H, q, ] = 7.2 Hz), 7.12
(1H,ddd,J=7.7,5.0,1.1 Hz), 7.32 (1H, d,J=7.7Hz), 7.41 (1H,d,J=8.5Hz), 749 (1H, ddd, ] = 8.1, 7.0,
1.1 Hz), 7.58 (1H, td, J = 7.7, 1.7 Hz), 7.69 (1H, ddd, J = 8.5, 7.0, 1.7 Hz), 7.76 (1H, dd, ] = 8.1, 0.9 Hz),
8.05(1H, d,J=8.5Hz),8.10 (1H, d, J =8.5Hz), 8.58 (1H, ddd, J = 5.0, 1.7, 0.9 Hz); *C NMR (125 MHz)
819.7,50.6, 120.8, 121.5, 122.9, 126.0, 127.0, 127.4, 129.1, 129.3, 136.4, 136.5, 147.6, 149.2, 163.4, 164.1.
Anal. Caled for C. H N : C, 82.02, H, 6.02, N, 11.96. Found: C, 81.71, H, 6.02, N, 11.77.
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