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Ortho-directed metalation is a useful method to func-
tionalize aromatic ring systems. We report here ortho-
directed metalations in the π-deficient heterocyclic series
(pyridazine, pyrimidine, and pyridine) using an aryl
sulfoxide as a chiral ortho-directing group. In aliphatic
series, many papers have described asymmetric induction
on sp3 carbon substituted by a chiral sulfoxide during a
metalation and reaction with electrophiles process.1-12

Very few publications have reported metalations of
aromatic rings followed by asymmetric inductions during
reaction of the lithio compound with a prochiral electro-
phile; de’s in the range 10-83% have been obtained.13-17

The only reference with sulfur derivatives is that of H.
Takahashi18 who obtained up to 82% de using chiral
sulfonamides.

Our knowledge about sulfur derivatives as directing
groups for metalations of diazines and our successful
metalations of racemic sulfoxides19,20 prompted us to
study a p-tolylsulfinyl group as a chiral directing agent.

Sulfoxides21,22 have not been used previously as asym-
metric directing groups for the enantioselective “ortho-
directed metalation-reaction with electrophile sequence”
in the aromatic series.

The synthesis of enantiomerically pure sulfinyl pyr-
idazines was unknown. Asymmetric oxidations of 3-phen-
yl or 3-(methylthio)-6-methoxypyridazine and 2-phenyl-
or -(methylthio)pyrazine by Sharpless or Kagan’s meth-
od23-31 and using oxaziridines32-39 failed. On the other
hand, Andersen’s method40-42 using organometallics and
chiral menthyl p-toluenesulfinates, which are commer-
cially available, gave excellent enantiomeric excesses
after extensive studies (Schemes 1-3). Synthesis of
products 3a and 3b (Scheme 1) could be achieved as
follows. The preparation of 2 was carried out in the usual
conditions. The second step from 2 to 3a or 3b was
successful only if a reverse addition was used; i.e., the
reaction mixture containing the lithium derivatives was
poured into a solution of the menthyl p-toluenesulfinate
in THF. Under these conditions, 3a and 3b were obtained
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Scheme 1a

a Reagents: (a) LTMP (2.2 equiv), 30 min, -75 °C, THF; (b)
(S)- or (R)-menthyl p-toluenesulfinate, -75 °C, 1 h 30 min.
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in 76% and 77% yields, respectively, with a 97% ee
(determined by HPLC). The lithiated pyrimidine 5 has
been obtained by halogen/metal exchange.43,44 The reac-
tion with menthyl p-toluenesulfinate gave products 6a,b
in 22% and 47% yields, respectively, and in more than
99% ee (Scheme 2). Some pyridines such as 3-(p-
tolylsulfinyl)pyridines45(9a, 9b) and 2,6-dimethoxy-4-(p-
tolylsulfinyl)pyridines (12a, 12b) were synthesized
(Scheme 3).

Starting from 3-bromopyridine derivatives (7, 10), the
Grignard compounds (8 and 11) were obtained by ex-
change with isopropylmagnesium chloride. The reaction
with menthyl p-toluenesulfinate was stereospecific. Prod-
ucts 9a,b and 12a,b were obtained in moderate yields
but with more than 99% ee. When 3-lithiopyridine was
used instead of the Grignard compound 8, the yields were
close but the ee decreased to 39% (9a) and 54% (9b).

With the chiral sulfoxides prepared, we could now use
them as chiral ortho-directing groups. A preliminary
study was necessary to optimize this metalation reaction.
The best metalation reaction conditions were found to
be 3.2 equiv of lithium 2,2,6,6-tetramethylpiperidide
(LTMP) or lithium diisopropylamide (LDA) as metalating
agents for 1 h at -75 °C, followed by reaction with
various aldehydes at -75 °C (Scheme 4, Table 1).

These results indicated that the diastereoselectivity in
these reactions was almost complete. The X-ray data
allowed us to assign the absolute configuration of com-
pounds 13 and 14. It was found that the stereogenic
carbon of the secondary alcohol of 13a and 14b had an
opposite configuration to that of the sulfoxides, a (R)
sulfoxide leading to the (RS) diastereoisomer. It was not
possible to crystallize correctly the other products in order
to perform X-ray analysis; however, it can be supposed
that they have the same configuration (Schemes 4, 5).

The remarkable diastereoselectivity observed could be
favored by the high steric hindrance in the molecule
(3a,b). To test a less-hindered substrate, the same
reaction was performed with pyrimidine (6a,b) and
pyridine (9a,b). Numerous attempts to metalate 5-(p-
tolylsulfinyl)pyrimidine (6a,b) have failed but the reac-
tion worked with 3-(p-tolylsulfinyl)pyridine (9a,b). The
best experimental conditions for the metalation of this
pyridine substrate required the use of 3.2 equiv of LDA
as metalating agent for 90 min at -75 °C (Scheme 5).
The reaction with various electrophiles at -75 °C gave
the results summarized in Table 2. All attempts to
metalate these compounds with LTMP as metalating
agent failed.

For pyridines 9a,b (Table 2), diastereoselectivity was
complete with benzaldehyde and 2,2-dimethylpropanal
as electrophiles. Products 18a,b and 19a,b were obtained
in low yields (25, 37, 13, and 18%, respectively) but with
total diastereoselectivity (>99%). Unhindered aliphatic
aldehydes such as acetaldehyde and propionaldehyde
gave products 16a,b and 17a,b in low yields and low de’s.
In all cases, the yields were low, making the results with
3-(p-tolylsulfinyl)pyridine (9a,b) unsatisfactory. So we
planned to use another substrate in the pyridine series
which would give a more stable lithium derivative than
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Scheme 2a

a Reagents: (a) BuLi (1.2 equiv), 5 min, -100 °C, THF; (b) (S)-
or (R)-menthyl p-toluenesulfinate, -75 °C, 1 h 30 min.

Scheme 3a

a Reagents: (a) i-PrMgCl, 1 h, rt, THF; NEt3, 5 min; (b) n-BuLi,
20 min, rt, THF; MgCl2, 30 min; (c) (S)- or (R)-menthyl p-
toluenesulfinate, -75 °C, 1 h 30 min.

Scheme 4a

a M.A.: metalating agent.

Table 1. Metalation and Reaction with Aldehydes of
4-(p-Tolylsulfinyl)-3,6-dimethoxypyridazine 3a and 3b

R products metalating agent de, % yield, %

CH3 13a LDA 96 53
CH3 13a LTMP 96 76
CH3 13b LDA 98 63
CH3 13b LTMP 99 70
C2H5 14a LDA 96 40
C2H5 14a LTMP 95 35
C2H5 14b LDA 97 30
C2H5 14b LTMP 94 39
C6H5 15a LDA 93 50
C6H5 15a LTMP 95 68
C6H5 15b LDA 93 30
C6H5 15b LTMP 98 57

Scheme 5
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9a,b and less steric hindrance at the C-4 position than
pyridazines 3a,b. So, 2,6-dimethoxy-3-(p-tolylsulfinyl)-
pyridine (12a,b) was chosen (Scheme 5). A good de was
obtained with hindered aldehydes as previously with
compounds 9a,b, and it can be noticed that yields were
better (Table 2).

In summary, excellent diastereoselectivity was ob-
tained with 3,6-dimethoxy-4-(p-tolylsulfinyl)pyridazine
3a,b independently of the steric hindrance of the alde-
hyde. With pyridine sulfoxides 9a,b and 12a,b, the de’s
were high with hindered aldehydes and low with the less
bulky aldehydes. These results can be explained by the
geometry of the heterocyclic substrate which presents a
convex and a concave face (Figure 1). The concave face
being more crowded, the approach of the aldehyde took
place on the less-hindered convex face leading to the
SC,RS diastereoisomer. In the case of pyridinic substrate,
the steric hindrance was lower and the unhindered
aldehydes could approach by both faces leading to the
two diastereoisomers.

Experimental Section

General Procedure for Synthesis of Sulfinate (3a,b;
9a,b; 12a,b). Into a 100 mL round-bottomed two-necked flask
provided with thermometer and magnetic stirring bar and under
an atmosphere of dry argon was placed dry THF (10 mL). After
cooling to T1 °C, metalating agent (2.2 mmol) was introduced.
A solution of the substrate (1.0 mmol) dissolved in THF (5 mL)
was added, and the reaction mixture was stirred for 1 h at T1
°C. It was poured by double-needle over a solution of (R or S)-
menthyl p-toluenesulfinate (2.2 mmol) in dry THF and under
atmosphere of dry argon. The reaction mixture was stirred for
2 h at -75 °C. A saturated NH4Cl solution (5 mL) was added.
Neutralization was then carried out with a saturated NaHCO3
solution (1 mL). The resulting mixture was concentrated and
was extracted with CH2Cl2 (3 × 20 mL). The combined organic
extracts were dried over MgSO4 and evaporated. Column chro-
matography on silica gel with ethyl acetate/light petroleum ether
(3/7) as an eluent afforded pure product.

(S)-3,6-Dimethoxy-4-(p-tolylsulfinyl)pyridazine (3a). Met-
alating agent: LTMP; T1 ) -75 °C. Yield: 76%; mp 110 °C; ee

) 97%. IR (KBr) 2953, 1013 cm-1; HRMS m/z 278 (M+), 229,
139; 1H NMR (200 MHz, CDCl3) δ 2.37 (s, 3H), 4.00 (s, 3H), 4.07
(s, 3H), 7.26 (d, 2H, J ) 8.0 Hz), 7.59 (m, 3H). Anal. Calcd for
C13H14N2O3S: C, 56.17; H, 5.07; N, 10.08. Found: C, 56.20; H,
5.10; N, 10.11.

(S)-5-(p-Tolylsulfinyl)pyrimidine (6a). Into a 100 mL
round-bottomed two-necked flask provided with a thermometer
and magnetic stirring bar and under an atmosphere of dry argon
was placed dry THF (10 mL). After cooling to -100 °C,
n-butyllithium (1.6 M, 2.40 mL, 3.8 mmol) and then 5-bromo-
pyrimidine 4 (0.50 g, 3.2 mmol) dissolved in dry THF (5 mL)
were introduced. The reaction mixture was stirred for 10 min
at -100 °C. (R)-Menthyl p-toluenesulfinate (2.40 g, 8.3 mmol)
in dry THF (10 mL) was added, and stirring was continued for
4 h at -75 °C. The mixture was hydrolyzed with a saturated
NH4Cl solution (5 mL) and extracted with CH2Cl2 (3 × 20 mL).
The combined organic extracts were dried over MgSO4 and
evaporated. Column chromatography on silica gel with ethyl
acetate as an eluent afforded 6a as a white solid (47%, 0.65 g);
mp 136 °C; ee > 99%; IR (KBr) 3026, 1053 cm-1; 1H NMR (200
MHz, CDCl3) δ_2.43 (s, 3H), 7.36 (d, 2H, J ) 8.0 Hz), 7.60 (d,
2H, J ) 8.0 Hz), 8.90 (s, 2H), 9.27 (s, 1H). Anal. Calcd for
C11H10N2OS: C, 60.60; H, 4.62; N, 12.85. Found: C, 60.82; H,
4.57; N, 12.67.

(S)-3-(p-Tolylsulfinyl)pyridine (9a). Metalating agent: i-
PrMgBr; T1 ) rt. Yield: 34%; mp 56 °C; ee > 99%. IR (KBr)
3048, 2922, 1050 cm -1; 1H NMR (200 MHz, CDCl3) δ 2.39 (s,
3H), 7.31 (d, 2H, J ) 8.1 Hz), 7.38-7.45 (dd, 1H, J ) 8.1 Hz, J
) 4.8 Hz), 7.56 (d, 2H, J ) 8.1 Hz), 7.96-8.02 (dt, 1H, J ) 8.1
Hz, J ) 1.8 Hz), 8.67 (dd, 1H, J ) 4.8 Hz, J ) 1.8 Hz), 8.77 (d,
1H, J ) 1.8 Hz). Anal. Calcd for C12H11NOS: C, 66.33; H, 4.98;
N, 6.37. Found: C, 66.39; H, 5.25; N, 6.22.

(S)-2,6-Dimethoxy-4-(p-tolylsulfinyl)pyridine (12a). Met-
alating agent: n-BuLi (1.6 M)/MgCl2; T1 ) rt. Yield: 26%; mp
106-108 °C; ee > 99%. IR (KBr) 3025, 2950, 1041 cm -1; 1H
NMR (200 MHz, CDCl3) δ 2.38 (s, 3H), 3.92 (s, 3H), 3.96 (s, 3H),
6.45 (d, 1H, J ) 8.2 Hz), 7.25 (d, 2H, J ) 8.2 Hz), 7.58 (d, 2H,
J ) 8.2 Hz), 7.97 (d, 1H, J ) 8.2 Hz). Anal. Calcd for C14H15-
NO3S: C, 60.70; H, 5.46; N, 5.06; S, 11.58. Found: C, 61.07; H,
5.48; N,4.89; S, 11.42.

General Procedure for Metalation with Electrophile
Sequence. A solution of n-butyllithium (1.6 M or 2.5 M in
hexane) was added to cold (-40 °C), stirred anhydrous THF (10
mL) under an atmosphere of dry argon. Diisopropylamine or
2,2,6,6-tetramethylpiperidine was introduced. The solution was
warmed to 0 °C and kept for 20 min at this temperature. It was
then cooled to -75 °C. A solution of the substrate to metalate
dissolved in THF (5 mL) was added, and the mixture was stirred
for t1 at -75 °C, followed by reaction with the corresponding
electrophile for a further t2 (the volatility of acetaldehyde
required a large excess). Hydrolysis was then carried out at -75
°C using a mixture of 35% aqueous HCl (1 mL), ethanol (4 mL),
and THF (5 mL). The reaction solution was warmed to 0 °C,
made slightly basic with a saturated NaHCO3 solution, and was
evaporated nearly to dryness. The residue was extracted with
CH2Cl2 (3 × 20 mL). The combined organic extracts were dried
over MgSO4 and evaporated. The crude product was purified by
column chromatography on silica gel.

(S)-3,6-Dimethoxy-5-(1-hydroxyethyl)-4-(p-tolylsulfinyl)-
pyridazine (13a). Metalation of (S)-3,6-dimethoxy-4-(p-tolyl-
sulfinyl)pyridazine 3a (0.10 g, 0.4 mmol) according to the general
procedure with n-butyllithium 1.6 M (0.72 mL, 1.2 mmol) and
2,2,6,6-tetramethylpiperidine (0.19 mL, 1.2 mmol), t1 ) 60 min,
followed by reaction with acetaldehyde (1.00 mL, 18.0 mmol), t2
) 30 min, was carried out. Purification by column chromatog-
raphy eluting with ethyl acetate/light petroleum ether (1/1)
afforded 13a as a pale yellow solid (76%, 88.2 mg); mp 146 °C;
de ) 96%. IR (KBr) 3300, 2979, 2948, 1028 cm-1; 1H NMR (200
MHz, CDCl3) δ 1.66 (d, 3H, J ) 6.7 Hz), 2.38 (s, 3H), 4.00 (s,
3H), 4.12 (s, 3H), 4.00-4.12 (m, 1H), 5.88 (q, 1H, J ) 6.7 Hz),
7.29 (d, 2H, J ) 8.2 Hz), 7.62 (d, 2H, J ) 8.2 Hz). Anal. Calcd
for C15H18N2O4S: C, 55.95; H, 5.63; N, 8.70. Found: C, 55.63;
H, 5.83; N, 8.62.

(S)-3,6-Dimethoxy-5-(1-hydroxypropyl)-4-(p-tolylsulfinyl)-
pyridazine (14a). Metalation of (S)-3,6-dimethoxy-4-(p-tolyl-
sulfinyl)pyridazine 3a (0.10 g, 0.4 mmol) according to the general
procedure with n-butyllithium 1.6 M (0.72 mL, 1.2 mmol) and

Table 2. Metalation and Reaction with Aldehydes of
3-(p-Tolylsulfinyl)pyridine 9a,b and

3-(p-tolylsulfinyl)-2,6-dimethoxypyridine 12a,b

starting
material R products de, % yield, %

9a,b CH3 16a,b 14, 0a 27, 18
9a,b C2H5 17a,b 26, 20 27, 18
9a,b t-C4H9 18a,b >99, >99 25, 37
9a,b C6H5 19a,b >99, >99 13, 18
12a,b CH3 20a,b 38, 36 75, 89
12a,b C2H5 21a,b 28, 20 53, 73
12a,b t-C4H9 22a,b >99, >99 60, 63
12a,b C6H5 23a,b >99, >99 60, 77

a Diastereoisomers could not be separated on the chiracel OD
column.

Figure 1.
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2,2,6,6-tetramethylpiperidine (0.19 mL, 1.2 mmol), t1 ) 60 min,
followed by reaction with propionaldehyde (0.06 mL, 0.7 mmol),
t2 ) 60 min, was carried out. Purification by column chroma-
tography eluting with ethyl acetate/light petroleum ether (1/1)
afforded 14a as a white solid (40%, 46.8 mg); mp 134 °C; de )
96%. IR (KBr) 3319, 2940, 2870, 1029 cm-1; 1H NMR (200 MHz,
CDCl3) δ 1.08 (t, 3H, J ) 7.4 Hz), 1.85-2.07 (m, 2H), 2.38 (s,
3H), 3.98 (s, 3H), 4.10 (s, 3H), 3.90-4.12 (m, 1H), 5.56-5.63 (m,
1H), 7.28 (d, 2H, J ) 8.6 Hz), 7.61 (d, 2H, J ) 8.6 Hz). Anal.
Calcd for C16H20N2O4S: C, 57.19; H, 6.00; N, 8.34. Found: C,
56.93; H, 6.28; N, 8.36.

(S)-3,6-Dimethoxy-5-(r-hydroxybenzyl)-4-(p-tolylsulfinyl)-
pyridazine (15a). Metalation of (S)-3,6-dimethoxy-4-(p-tolyl-
sulfinyl)pyridazine 3a (0.10 g, 0.4 mmol) according to the general
procedure with n-butyllithium 1.6 M (0.72 mL, 1.2 mmol) and
diisopropylamine (0.16 mL, 1.2 mmol), t1 ) 60 min, followed by
reaction with benzaldehyde (0.08 mL, 0.7 mmol), t2 ) 60 min,
was carried out. Purification by column chromatography eluting
with ethyl acetate/light petroleum ether/cyclohexane (1/1/1)
afforded 15a as a white solid (50%, 68.7 mg); mp 180 °C; de )
93%. IR (KBr) 3258, 3014, 2948, 1026 cm-1; 1H NMR (200 MHz,
CDCl3) δ 2.34 (s, 3H), 2.40 (s, 3H), 4.02-4.07 (m, 6H), 5.31 (m,
1H), 6.25 (m, 1H), 6.49 (s, 1H), 6.92 (s,1H), 7.08-7.33 (m, 8H),
7.75 (d, 1H). Anal. Calcd for C20H20N2O4S: C, 62.56; H, 5.25; N,
7.29. Found: C, 62.93; H, 5.12; N, 7.09.

(S)-4-(1-Hydroxyethyl)-3-(p-tolylsulfinyl)pyridine (16a).
Metalation of (S)-3-(p-tolylsulfinyl)pyridine 9a (0.10 g, 0.5 mmol)
according to the general procedure with n-butyllithium 2.5 M
(0.59 mL, 1.5 mmol) and diisopropylamine (0.21 mL, 1.5 mmol),
t1 ) 60 min, followed by reaction with acetaldehyde (1.00 mL,
18.0 mmol), t2 ) 60 min, was carried out. Purification by column
chromatography eluting with ethyl acetate afforded 16a as an
orange oil (27%, 32.2 mg); de ) 14%. IR (KBr) 3344, 3052, 2974,
1045, 1013 cm-1; 1H NMR (200 MHz, CDCl3) δ 1.21 (d, 3H, J )
6.4 Hz), 1.35 (d, 3H, J ) 6.4 Hz), 2.38 (s, 3H), 4.10 (m, 1H), 5.19
(m, 1H), 7.27 (m, 2H), 7.40-7.52 (m, 3H), 8.58 (d, 1H), 8.64 (d,
1H), 8.81 (s, 1H), 8.90 (s, 1H). Anal. Calcd for C14H15NO2S: C,
64.43; H, 5.79; N, 5.37. Found: C, 64.58; H, 5.56, N, 5.21.

(S)-4-(1-Hydroxypropyl)-3-(p-tolylsulfinyl)pyridine (17a).
Metalation of (S)-3-(p-tolylsulfinyl)pyridine 9a (0.10 g, 0.5 mmol)
according to the general procedure with n-butyllithium 2.5 M
(0.74 mL, 1.5 mmol) and diisopropylamine (0.26 mL, 1.5 mmol),
t1 ) 60 min, followed by reaction with propionaldehyde (0.07
mL, 0.6 mmol), t2 ) 60 min, was carried out. Purification by
column chromatography eluting with ethyl acetate afforded 17a
as an orange oil (27%, 33.7 mg); de ) 26%. IR (KBr) 3347, 2964,
2922, 1047 cm-1; 1H NMR (200 MHz, CDCl3) δ 0.89 (t, 3H, J )
7.1 Hz), 1.60 (m, 2H), 2.37 (s, 3H), 3.90 (m, 1H), 4.15 (m, 1H),
4.93 (m, 1H), 7.27 (m, 2H), 7.39-7.47 (m, 3H), 8.55 (d, 1H, J )
4.7 Hz), 8.57 (d, 1H, J ) 4.7 Hz), 8.81 (s, 1H), 8.81 (s, 1H). Anal.
Calcd for C15H17NO2S: C, 65.51; H, 6.23; N, 5.09. Found: C,
65.31; H, 6.45; N, 5.07.

(S)-4-(1-Hydroxy-2-methylpropyl)-3-(p-tolylsulfinyl)pyr-
idine (18a). Metalation of (S)-3-(p-tolylsulfinyl)pyridine 9a (0.06
g, 0.3 mmol) according to the general procedure with n-
butyllithium 1.6 M (0.58 mL, 0.9 mmol) and diisopropylamine
(0.12 mL, 0.9 mmol), t1 ) 60 min, followed by reaction with 2,2-
dimethympropanal (0.05 mL, 0.4 mmol), t2 ) 60 min, was carried
out. Purification by column chromatography eluting with ethyl
acetate afforded 18a as a pale yellow solid (25%, 24.8 mg); mp:
158 °C; de > 99%. IR (KBr) 3171, 2919, 1046 cm-1; 1H NMR
(200 MHz, CDCl3) δ 0.89 (t, 3H, J ) 7.1 Hz), 1.60 (m, 2H), 2.37
(s, 3H), 3.90 (m, 1H), 4.15 (m, 1H), 4.93 (m, 1H), 7.27 (m, 2H),
7.39-7.47 (m, 3H), 8.55 (d, 1H, J ) 4.7 Hz), 8.57 (d, 1H, J ) 4.7
Hz), 8.81 (s, 1H), 8.81 (s, 1H). Anal. Calcd for C17H21NO2S: C,
67.39; H, 6.98; N, 4.62. Found: C, 67.12; H, 7.10; N, 4.47.

(S)-4-(r-Hydroxybenzyl)-3-(p-tolylsulfinyl)pyridine (19a).
Metalation of (S)-3-(p-tolylsulfinyl)pyridine 9a (0.10 g, 0.5 mmol)
according to the general procedure with n-butyllithium 2.5 M
(0.74 mL, 1.5 mmol) and diisopropylamine (0.26 mL, 1.5 mmol),
t1 ) 60 min, followed by reaction with benzaldehyde (0.10 mL,
0.7 mmol), t2 ) 60 min, was carried out. Purification by column
chromatography eluting with ethyl acetate afforded 19a as a
beige solid (13%,18.1 mg); mp 158 °C; de > 99%. IR (KBr) 3171,
2919, 1046 cm-1; 1H NMR (200 MHz, CDCl3) δ 2.41 (s, 3H), 4.20
(m, 1H), 6.11 (s, 1H), 7.10 (d, 2H, J ) 8.0 Hz),7.20 (m, 2H), 7.32
(m, 3H), 7.50 (d, 2H, J ) 8.0 Hz), 8.60 (d, 1H, J ) 4.6 Hz), 8.96

(s, 1H). Anal. Calcd for C19H17NO2S: C, 70.65; H, 5.30; N, 4.34.
Found: C, 70.92; H, 5.51; N, 4.03.

(S)-4-(1-Hydroxyethyl)-2,6-dimethoxy-3-(p-tolylsulfinyl)-
pyridine (20a). Metalation of (S)-2,6-dimethoxy-3-(p-tolylsulfin-
yl)pyridine 12a (0.10 g, 0.4 mmol) according to the general
procedure with n-butyllithium 2.5 M (0.72 mL, 1.1 mmol) and
diisopropylamine (0.15 mL, 1.1 mmol), t1 ) 90 min, followed by
reaction with acetaldehyde (1.00 mL, 18.0 mmol), t2 ) 30 min,
was carried out. Purification by column chromatography eluting
with ethyl acetate/light petroleum ether (1/1) afforded 20a as a
yellow oil (75%, 87.3 mg); de ) 38%. IR (KBr) 3360, 2925, 1060,
1012 cm-1; 1H NMR (200 MHz, CDCl3) δ 1.30 (d, 3H, J ) 6.1
Hz), 1.50 (d, 3H, J ) 6.4 Hz), 2.38 (s, 6H), 3.80 (s, 3H), 3.91 (s,
3H), 3.95.(s, 3H), 3.99 (s, 3H), 4.00 (m, 1H), 5.08 (m, 2H), 5.48
(q, 1H, J ) 6.4 Hz), 6.48 (s, 1H), 6.58 (s, 1H), 7.23 (d, 2H, J )
8.1 Hz), 7.25 (d, 2H, J ) 8.1 Hz), 7.25 (d, 2H, J ) 8.2 Hz), 7.47
(d, 2H, J ) 8.2 Hz). Anal. Calcd for C16H19NO4S: C, 59.87; H,
5.97; N, 4.36; S, 9.99. Found: C, 60.02; H, 6.11; N,4.27; S, 10.20.

(S)-4-(1-Hydroxypropyl)-2,6-dimethoxy-3-(p-tolylsulfinyl)-
pyridine (21a). Metalation of (S)-2,6-dimethoxy-3-(p-tolylsulfin-
yl)pyridine 12a (0.10 g, 0.4 mmol) according to the general
procedure with n-butyllithium 2.5 M (0.72 mL, 1.1 mmol) and
diisopropylamine (0.15 mL, 1.1 mmol), t1 ) 90 min, followed by
reaction with propionaldehyde (0.04 mL, 0.6 mmol), t2 ) 60 min,
was carried out. Purification by column chromatography eluting
with ethyl acetate/light petroleum ether (1/1) afforded 21a as a
yellow oil (53%, 63.7 mg); de ) 28%. IR (KBr) 3362, 2925, 1060
cm-1; 1H NMR (200 MHz, CDCl3) δ 0.78 (t, 3H, J ) 4.9 Hz),
1.00 (t, 3H, J ) 4.9 Hz), 1.53-1.73 (m, 2H), 1.71-1.78 (m, 2H),
2.37 (s, 3H), 2.38 (s, 3H), 3.78 (s, 3H), 3.90 (s, 3H), 3.93 (s, 3H),
3.95 (s, 3H), 4.00 (m, 1H), 4.67 (m, 1H), 4.87 (m, 1H), 5.21 (m,
1H), 6.45 (s, 1H), 6.54 (s, 1H), 7.23 (d, 2H, J ) 8.1 Hz, Htol),
7.24 (d, 2H, J ) 8.2 Hz), 7.41 (d, 2H, J ) 8.2 Hz), 7.47 (d, 2H,
J ) 8.2 Hz). Anal. Calcd for C17H21NO4S: C, 60.95; H, 6.32; N,
4.18. Found: C, 61.34; H, 6.54; N, 4.14.

(S)-4-(1-Hydroxy-2-methylpropyl)-2,6-dimethoxy-3-(p-
tolylsulfinyl)pyridine (22a). Metalation of (S)-2,6-dimethoxy-
3-(p-tolylsulfinyl)pyridine 12a (0.10 g, 0.4 mmol) according to
the general procedure with n-butyllithium 2.5 M (0.72 mL, 1.1
mmol) and diisopropylamine (0.15 mL, 1.1 mmol), t1 ) 90 min,
followed by reaction with 2,2-dimethylpropanal (0.06 mL, 0.6
mmol), t2 ) 60 min, was carried out. Purification by column
chromatography eluting with ethyl acetate/light petroleum ether
(1/1) afforded 22a as a pale yellow solid (58%, 75.4 mg); mp 110
°C dec; de > 99%. IR (KBr) 3250, 2935, 1064, 1015 cm-1; 1H
NMR (200 MHz, CDCl3) δ 0.97 (s, 9H), 2.33 (s, 3H), 3.70-3.80
(m, 1H), 3.71 (s, 3H), 3.86 (s, 3H), 5.27 (m, 1H), 6.54 (s, 1H),
7.14 (d, 2H), 7.39 (d, 2H). Anal. Calcd for C19H25NO4S: C, 62.87;
H, 6.94; N, 3.86; S, 8.83. Found: C, 63.01; H, 6.97; N, 3.74; S,
9.10.

(S)-4-(r-Hydroxybenzyl)-2,6-dimethoxy-3-(p-tolylsulfinyl)-
pyridine (23a). Metalation of (S)-2,6-dimethoxy-3-(p-tolylsulfin-
yl)pyridine 12a (0.10 g, 0.4 mmol) according to the general
procedure with n-butyllithium 2.5 M (0.72 mL, 1.1 mmol) and
diisopropylamine (0.15 mL, 1.1 mmol), t1 ) 90 min, followed by
reaction with benzaldehyde (0.04 mL, 0.6 mmol), t2 ) 60 min,
was carried out. Purification by column chromatography eluting
with ethyl acetate/light petroleum ether (1/1) afforded 23a as a
pale yellow solid (60%, 81.6 mg); mp 134 °C; de > 99%. IR (KBr)
3250, 2935, 1064, 1015 cm-1; 1H NMR (200 MHz, CDCl3) δ 2.41
(s, 3H), 3.88 (s, 3H), 4.02 (s, 3H), 5.42 (m, 1H), 5.90 (s, 1H), 6.11
(s, 1H), 7.03-7.08 (m, 2H), 7.23-7.30 (m, 5H), 7.51 (d, 2H, J )
8.2 Hz). Anal. Calcd for C21H21NO4S: C, 65.80; H, 5.53; N, 3.66.
Found: C, 65.74; H, 5.66; N, 3.65.

Supporting Information Available: Purification of ma-
terials and data for 3b, 6b, 9b, 12b, 13b, 14b, 15b, 16b, 17b,
18b, 19b, 20b, 21b, 22b, 23b. This material is available free
of charge via the Internet at http://pubs.acs.org.
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