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Abstract: Enantiomericaly pure (S)-5,6,7,8-tetrahydroquinolin-8-
ol [(9-1] and (R)-8-acetoxy-5,6,7,8-tetrahydroquinoline [(R)-2]
have been prepared by the lipase-catalyzed kinetic acetylation of ra-
cemic 5,6,7,8-tetrahydroquinolin-8-ol [(£)-1] in excellent chemical
yields. The mesylation of (R)-1 followed by a substitution reaction
with the azide, thioacetate, and dimethyl malonate anions and ben-
zylamine gives the corresponding substituted productsin an enanti-
omerically pure form with an inversion of the configuration in good
yields. The methanolysis of (S)-5,6,7,8-tetrahydroquinalin-8-yl ac-
etate in the presence of potassium carbonate and alkylation of the
resulting thiol anion with alkyl halides in a one-pot reaction gives
the 5,6,7,8-tetrahydroquinolin-8-yl thioether.

Key words: 8-substituted quinolines, enzymatic acetylation, nu-
cleophiles, stereospecific substitutions, asymmetric synthesis

Quinolines and hydrogenated quinolines are very impor-
tant components of alkaloids, and medicines.! We became
interested in 8-substituted 5,6,7,8-tetrahydroquinolines,
because of their potent and unique biological activities
present in their 8-nitrogen,? 8-sulfur,® and 8-carbon* sub-
stituted analogues. There are anumber of synthetic meth-
ods for the 5,6,7,8-tetrahydroquinolines, including i) the
construction of the pyridine ring from cyclohexanone
oxime or other functional groups,>8 ii) the Diels-Alder re-
action of an enamine,” and iii) the reduction of quinoline.?
However, these methods have not been used directly for
the synthesis of the 8-substituted 5,6,7,8-tetrahydroquino-
lines. Most syntheses were performed by the direct intro-
duction of afunctional group on the 8-position of 5,6,7,8-
tetrahydroquinoline.®° Surprisingly, to date, an enantio-
merically pure derivative has never been prepared. There-
fore, an asymmetric synthesis of the 8-substituted 5,6,7,8-
tetrahydroquinolinesis highly desired.

In this paper, we report the preparation of the enantiomer-
icaly pure 5,6,7,8-tetrahydroquinolin-8-ol (1) and the
first synthesis of the enantiomerically pure 8-amino,
acylthio, akylthio, and bis(methoxycarbonyl)methyl sub-
stituted 5,6,7,8-tetrahydroquinolines by the stereospecific
substitution reactions of the enantiomerically pure
5,6,7,8-tetrahydroquinolin-8-ol methanesulfonate ester.

Our synthetic approach began with the preparation of an
enantiomerically pure 1. Recently, we have reported the
Cal (Candida antarctica lipase)-catalyzed kinetic acetyla-
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tion of racemic 1-(2-pyridinyl)ethanols, in which the (R)-
acetate and the recovered (§)-1-(2-pyridinyl)ethanol were
obtained in 45-49% yields with over 90% enantiomeric
purities (Scheme 1).1*
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This method has a number of advantagesincluding asim-
ple and convenient recipe, a clean reaction, an excellent
enantioselectivity, a high chemical yield, and the avail-
ability of both the R- and S-enantiomers in one reaction.
However, the enantiomeric discrimination reaction of 1-
(2-pyridinyl)alkanol islimited to the length of the akanol
chain having less than three linear carbons.!'? Although
four methylene carbons at the C2 and C4 positions on the
pyridine ring are present in 1, the conformational flexibil-
ity of 1 would be more restricted than that of the 1-(2-py-
ridinyl)butanol. We believed that the lipase-catalyzed
enantiomeric discrimination would work for the racemic
1

Theracemic 5,6,7,8-tetrahydroquinolin-8-ol [(+)-1]*? was
treated with vinyl acetate in the presence of Cal and mo-
lecular sieves 4A in diisopropyl ether at 60 °C. The reac-
tion was complete in 30 hours, and gave the acetate (R)-2
and the unreacted (S)-quinolinol (S)-1 in 43% and 44%
yields, respectively (Scheme 2). The enantiomeric puri-
ties were determined to be >99% ee for both the acetate
and alcohol by HPLC analysis using a chiral stationary
phase column.®® These absolute configurations were as-
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sumed based on the previous results.** This stereochemi- _ _
cal result may provide additional information on the . MsCl, DMAP | | Ll |
empirical rule for the stereoselectivity of the lipase-cata- ®) CH,Cl, > N N
lyzed acetylation reactions.’® The acetate (R)-2 was quan- rt,3h ¢l OH
titatively hydrolyzed to (R)-1 by treating with K,CO; in 4 190 1 6%
methanol (Scheme 2). Thus, both enantiomers for (R)- >09% ee 43% ee
and (9-1 are now available.
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Mesylation of the alcohol (R)-1 with methanesulfonyl  Scheme4

chloride was conducted in CH,Cl, at room temperaturein
the presence of DMAP. However, the desired methane-
sulfonate 3 could not be obtained. Instead, 8-chloro-
5,6,7,8-tetrahydroquinoline (4) was produced in 19% with
99% ee along with 66% yield of the stereo-inverted alco-
hol (9-1 with 43% ee. These results suggest that i) the
mesylate is not stable enough for isolation like the 1-(2-
pyridinyl)ethyl derivatives,’® and ii) it is surely formed
under the given reaction conditions, but hydrolyzed dur-
ing the workup. When the reaction was performed in the
presence of lithium chloride and tetrabutylammonium
chloride, 4 was the main product in 73% yield with 50%
ee, being formed by the substitution of 3 and/or 4 with an
excess of chloride anions (Scheme 3). Although the chlor-
ide 4 was obtained with a high enantiomeric purity in the
initial stage, the purity was gradually lost by further sub-
stitution with an excess of chloride anions resulting in a
partially racemized 4, eventually.

This disappointing result, however, suggested an alterna
tive approach. If another nucleophile is present in the re-
action media, it would react with the mesylate and the
desired substitution product could be produced. There-
fore, the mesylation of (R)-1 was examined in the pres-
ence of an excess NaNs. In fact, the reaction proceeded
nicely to givetheazide 5in 99% yield. Catalytic hydroge-
nation of 5 under a hydrogen atmosphere in the presence
of Pd-charcoal afforded 8-amino-5,6,7,8-tetrahydroquin-
oline (6) in 92% yield (Scheme 4). The enantiomeric pu-
rity of 6 was confirmed to be over 99% ee by 'H NMR
spectrum after the conversion to the corresponding
MTPA-amide.

Unfortunately, thistechniqueislimited to the azide anion.
When a primary amine was used, methanesulfonamide
was obtained exclusively, instead of the desired amino-
guinoline. However, this problem was overcome by an-
other technical approach by removing the formed DMAP
hydrochloride by simple filtration. The resulting salt free
mesylate 3 was reacted with an excess of benzylaminein
DMSO to give 8-benzylamino-5,6,7,8-tetrahydroquino-
line (7) in 58% yield. Alternatively, the N-benzylation of
6 with benzaldehyde in the presence of sodium cy-
anoborohydride gave 7 in 36% yield (Scheme5). Since
specific rotations of both of the above 8-benzylamino-
5,6,7,8-tetrahydroquinolines (7) obtained by two different
methods indicated consistency, the substitution reaction
of 3 had taken place stereospecifically with an inversion
of the configuration similar to the case of the 1-(2-pyridi-
nyl)ethyl methanesulfonate ester.®
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Sinceit was gratifyingly found that the mesylate survived
during the partia purification process, this method was
subjected to other substitution reactionswith S- and C-nu-
cleophiles. Treatment of the mesylate (R)-3 with NaSAc
instead of benzylamine gave the 5,6,7,8-tetrahydroquino-
lin-8-thiol acetate, [(S)-8] in 89% yield with 90% ee. The
partial formation of the (R)-isomer originated due to the
formation of a small amount of chloride (S)-4, which re-
acted with NaSAc in this case. Since other nucleophiles
such as benzylamine or malonate ester were poorly reac-
tivewith (-4, they were exclusively reacted with the me-
sylate (R)-3 and gave the corresponding substituted
enantiomer without loss of the high enantiomeric purity.
In fact, the substituted reaction with the dimethyl mal-
onate sodium salt led to the corresponding C-substituted
product 9 in 82% yield with 96% ee (Scheme 6).
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9 8%
96% ee
Scheme 6

The methanolysis of thioacetate 8 was somehow unsuc-
cessful and produced complex mixtures, and no thiol was
obtained. However, the reaction mixture was directly
treated with idodomethane in a one-pot reaction to give
methyl sulfide 11ain 78% yield with 90% ee. The S-alky-
lation with methyl bromoacetate also took place to afford
the corresponding sulfide 11b in 85% yield with 90% ee
(Scheme 7).

MeOH BrCH,CO,Me N~ Y
SO S._R
11b:R=H
78%
11a: R = CO,Me
85%
Scheme7

The enantiomerically pure (R)- and (9)-5,6,7,8-tetrahyd-
roquinolin-8-ols [(R)- and (S)-1] were obtained in good
yields by the lipase-catalyzed kinetic acetylation. The al-
cohol was converted to a substantially unstable mesylate,

and the salt-free partialy purified mesylate was immedi-
atelty reacted with NaN;, NaSAc, NaCH(CO,Me),, and
benzylamine, to give the corresponding 8-substituted
5,6,7,8-tetrahydroquinolines in high yield. The reaction
proceeded stereospecifically with an inversion of the con-
figuration. These methods would be valuable for the syn-
thesis of opticaly active 8-substituted 5,6,7,8-
tetrahydroquinolines.

'H NMR (300 MHz) and **C NMR (75 MHz) were recorded on
JEOL LA-300 spectrometers in CDCIl; with TMS as an internal
standard. M'S spectra were obtained on JASCO JMS-GC-mate (El)
and IMS-SX 102A QQ instruments. IR spectra were obtained on
JASCO FT/IR-410 spectrometer. Optical rotations were measured
on a JASCO DIP-360 instrument. All air- or moisture-sensitive re-
actionswere carried out in flame-dried glassware under N,. CH,Cl,
was distilled fleshly over P,Os under N,. DMSO and i-Pr,O were
dried over CaH,, and distilled before use. TLC was performed with
Merck 60F,s, precoated silica gel plates. Flash column chromatog-
raphy was carried out using Merck silicagel 60 (230-410 mesh). Ee
values of all chiral compounds except 6 were determined by HPLC
analysis using chiral-pack columns (Daicel OJ or AD-RH). Cal
(Novozym 435) was purchased from Novo Nordisk Bioindustry.

Lipase-Catalyzed Kinetic Acetylation of (+)-5,6,7,8-Tetrahy-
droquinolin-8-ol (1)

A mixture of racemic 1 (1.49 g, 10 mmoal), vinyl acetate (4.30 g, 50
mmol), Cal (620 mg), and molecular sieves 4A (1.48 g) in i-Pr,0
(400 mL) was dtirred at 60 °C for 30 h. Cal and molecular sieves
were removed by filtration through a Celite pad, the filtrate was
concentrated, and the residue was purified by flash column chroma-
tography on silicagel eluting with 30% EtOAc in hexaneto givethe
(R)-acetate 2 (820 mg, 43%) and the unreacted (S)-alcohol 1 (656
mg, 44%).

(R)-8-Acetoxy-5,6,7,8-tetr ahydroquinoline [(R)-2] Y
R; 0.50 (80% EtOAc in hexane); [0] 2 +86 (c = 1.12, CHCI,).

IR (neat): 1734 cm™ (C=0).

H NMR (300 MH2): 8 =1.80-2.05 (m, 3 H), 2.11 (s, 3 H, CH,),
2.70-2.92 (m,3H),5.97 (t,J=4.8Hz,1H, H-8),7.19 (dd, J = 7.7,
4.8Hz, 1H, H-3), 7.48 (d, J= 7.7 Hz, 1 H, H-4), 8.52 (dd, J = 4.8,
1.1 Hz, 1H, H-2).

13C NMR (75 MHz): & = 18.4, 21.3, 28.4, 29.0, 70.6, 123.2, 133.8,
137.5, 147.4, 153.0, 170.5.

MS (El): m/z (%) = 191 (M*, 0.3), 149 (30), 148 (100), 132 (11),
131 (10), 130 (12).

HRMS (El): m/z caled for C;;H3NO,: 191.0946 (M*). Found:
191.0947.

Chiral-packed column and separation conditions: Daicel AD-RH,
eluent; 20% MeCN in H,O; flow rate; 1.0 mL/min, retention time
for (R)-2; 10.8 min [(§)-2; 13.5 min].

(9)-5,6,7,8-Tetrahydroquinolin-8-ol [(S)-1]*®
R; 0.29 (80% EtOAc in hexane); [0] 2 +76 (c = 1.40, CHCI,).
IR (neat): 3389 cmrt (OH).

IH NMR (300 MHz): 3 = 1.73-1.91 (m, 2 H), 2.00 (m, 1 H), 2.26
(m, 1H), 2.70-2.92 (m, 2 H), 4.18 (br s, 1 H, OH), 4.72 (t, J= 6.1
Hz, 1H, H-8), 7.12 (dd, J= 7.7, 48 Hz, 1 H, H-3), 7.42(d, J = 7.7
Hz, 1H, H-4), 8.39 (d, J = 4.8 Hz, 1 H, H-2).

BCNMR (75 MHz): § = 19.3, 28.4, 30.7, 68.7, 122.4, 131.7, 137.0,
146.6, 158.0.

MS (EI): miz (%) 149 (M*, 13), 130 (4), 121 (43), 93 (100).
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HRMS (El): m/z caled for CyH;NO: 149.0841 (M™). Found:
149.0834.

Chiral-packed column and separation conditions: Daicel AD-RH,
eluent; 20% MeCN in H,O; flow rate; 1.0 mL/min, retention time
for (9-1; 4.9 min [(R)-1; 5.7 min].

(R)-5,6,7,8-Tetrahydr oquinolin-8-ol [(R)-1]

A mixture of (R)-2 (120 mg, 0.63 mmol) and K,CO; (347 mg, 2.51
mmol) was stirred for 2 hin MeOH (4 mL) at r.t. After removal of
the MeOH, H,O was added and the mixture was extracted with
EtOAc. The organic layer was washed with brine and dried
(M@SO,). After the solvent was removed, the residue was purified
by column chromatography on silicagel (50% EtOAc in hexane) to
give (R)-1 (83 mg, 88%); [a] o> —75 (c = 1.16, CHCI,).

Mesylation of (R)-5,6,7,8-Tetrahydroquinolin-8-ol [(R)-1]

To a solution of (R)-1 (60 mg, 0.40 mmol) and DMAP (295 mg,
2.41 mmol) in CH,CI, (6 mL) was added MsCl (184 mg, 1.61
mmol) at 0 °C and the mixturewas stirred at r.t. for 3 h. The mixture
was quenched with ag sat. NaHCO; and extracted with EtOAc. The
extract waswashed with H,O and brine, dried (MgSO,) and concen-
trated. The residual oil was purified by column chromatography on
silicagel using 20% EtOAcin hexane aseluent to give (9-4 (13 mg,
19%) as an oil. Elution with 30% EtOAc in hexane gave (S)-1 (40
mg, 66%); [a]p?® +32.0 (c = 0.55, CHCI).

(S)-8-Chloro-5,6,7,8-tetr ahydroquinoline [(S)-4]*
R; 0.66 (50% EtOAc in hexane); [0] 2 +0.7 (¢ = 0.61, CHCI,).

IH NMR (300 MHz): 3 = 1.89 (m, 1 H), 2.17-2.19 (m, 2 H), 2.41
(M, 1 H), 2.72-2.94 (m, 2 H), 5.30 (t, J= 3.1 Hz, 1 H, H-8), 7.14
(dd, J=7.7, 48 Hz, 1 H, H-3), 7.43 (d, J = 7.3 Hz, 1 H, H-4), 8.48
(d, J=4.4Hz, 1H, H-2).

BBCNMR (75 MHz): § = 17.4, 28.0, 32.4, 58.9, 123.2, 132.2, 137.6,
147.8, 154.5.

MS (El): miz (%) 169 (M*, 6), 167 (M*, 20), 132 (100), 130 (28),
117 (23).

HRMS (El): mVz caled for CgH,,®CIN: 167.0502 (M*). Found:
167.0500.

Chiral-packed column and separation conditions: Daicel OJ, eluent;
10% propan-2-ol in hexane; flow rate; 0.3 mL/min, retention time
for (9-4; 25.0 min [(R)-4; 23.2 min].

Mesylation of 1 in the Presence of Chloride and Azide Anions
To amixture of (R)-1 (60 mg, 0.40 mmol), DMAP (295 mg, 2.41
mmol), Bu,NCI (168 mg, 0.60 mmol), and LiCl (85 mg, 2.01 mmol)
in CH,Cl, (8 mL) was added MsCl (184 mg, 1.61 mmol) at 0 °C.
The mixture was stirred at r.t. for 30 min. Then, DMSO (4 mL) was
added and the mixture was stirred for an additional 6 h. The mixture
was quenched with H,O and extracted with 30% EtOAc in hexane.
The extract was washed with H,O and brine, dried (MgSO,) and co-
centrated. The residue was purified by flash column chromatogra-
phy on silica gel eluting with 20% EtOAc in hexane to give 4 (49
mg, 73%). The major enantiomer was determined to be (S)-isomer
with 50% ee by HPLC using Daicel OJ column as described above.

In the case of the reaction with azide anions, NaN; (1.3 g, 20 mmol)
was used instead of Bu,NClI, and LiCl. Elution with 15% EtOAcin
hexane for flash chromatography gave 5in 99% yield.

(S)-8-Azido-5,6,7,8-tetrahydroquinoline (5)
R: 0.54 (30% EtOAcC in hexane); [a] 2 —97 (c = 0.75, CHCl5).
IR (neat): 2099 cm (N,).

IH NMR (300 MHz): § = 1.75-2.12 (m, 4 H), 2.68-2.90 (m, 2 H),
471(t,J=4.4Hz, 1H, H-8), 7.17 (dd, J= 7.7, 48 Hz, 1 H, H-3),
7.45(d, J= 7.7 Hz, 1 H, H-4), 8.49 (dd, J = 4.8, 0.7 Hz, 1 H, H-2).

BCNMR (75 MHz): § = 18.4,28.1, 29.0, 60.3, 123.1, 132.6, 137.3,
147.5, 153.7.

MS (EI): m/z (%) 174 (M*, 3), 146 (98), 144 (44), 132 (100), 118
(97).

HRMS (El): m/z caled for CyHyoN,: 174.0905 (M*). Found:
174.0908.

Anal. Caled for CHyN,: C, 62.05, H, 5.79, N, 32.16. Found: C,
61.95, H, 6.00, N, 31.89.

Chiral-packed column and separation conditions: Daicel AD-RH,
eluent; 20% MeCN in H,O; flow rate; 1.0 mL/min, retention time
for (9-5; 37.4 min [(R)-5; 36.1 min].

(9)-8-Amino-5,6,7,8-tetr ahydr oquinoline (6)

A mixture of (§-5 (14 mg, 0.08 mmol) and Pd/C (5%, 5 mg) in
EtOH (3 mL) was stirred under aH, atmosphere at r.t. After the H,
uptake was over, the Pd/C was filtered through a Celite pad, and the
filtrate was concentrated. The residue was purified by flash column
chromatography on silicagel eluting with 20% MeOH in CHCI; to
give (9-6 (11 mg, 92%) as an oil; R; 0.08 (50% MeOH in CHCI,);
[0]p? +51 (c = 0.55, CHCl,).

1H NMR (300 MHz): & = 1.68-1.75 (m, 2 H), 1.96 (m, 1 H), 2.24
(m, 1 H), 2.68-2.88 (m, 2 H), 3.45 (br, 2 H, NH,), 4.05 (t, J= 6.8
Hz, 1H, H-8), 7.07 (dd, J= 7.3, 44 Hz, 1 H, H-3), 7.37 (d, J= 7.3
Hz, 1 H, H-4), 8.39 (d, J = 44 Hz, 1 H, H-2).

BCNMR (75 MHz): § = 19.8, 28.7, 31.3,51.2, 121.8, 131.7, 136.8,
146.9, 158.3.

MS (El): mz (%) = 148 (M*, 100), 147 (77), 131 (21), 120 (78), 119
(60), 93 (36).

HRMS (El): m/z caled for CgHy,N,: 1481000 (M*). Found:
148.0989.

5,6,7,8-Tetrahydroquinolines7, 8, and 9from 1; General Proce-
dure

To amixture of (R)-1 (100 mg, 0.67 mmol) and DMAP (817 mg,
6.70 mmol) in CH,CI, (6.7 mL) was added MsCl (384 mg, 3.35
mmol) at 0 °C and the mixture was stirred at r.t. for 15 min. It was
diluted with anhyd Et,O-pentane (1:1, 12 mL), and the resulting
precipitate was filtered under suction. The filtrate was concentrated
to give an oily mesylate, which was quickly dissolved in DMSO (6
mL). To this solution was added nucleophiles (8-10 equiv), BnNH,
(neat), NaSAc (in THF solution), or NaCH(CO,Me), (in THF solu-
tion) at r.t., and the mixture was stirred for 3 h, 2 h and 5 h, respec-
tively. H,O was added to the mixture and it was extracted with
CHCl; in the case of BnNH, and 30% EtOAc in hexane solution for
others. The organic extract was washed with H,O and brine, dried
(Na,SO, or MgS0O,), and concentrated. The residue was purified by
flash column chromatography on silicagel eluting with 50% EtOAc
in hexane for 7, 20% EtOAc in hexane for 8, and 15% EtOAc in
hexane for 9. The compounds 7, 8, and 9 were obtained asan oil in
58%-89%, and 82% yields, respectively.

(S)-N-Benzylamino-5,6,7,8-tetr ahydr oquinolin-8-ylamine (7)
R; 0.32 (5% Et,N in EtOAC); [a] o2 +46 (c = 0.44, CHCL,).

IH NMR (300 MHz): 3 = 1.65-1.90 (m, 2 H), 2.05 (m, 1 H), 2.20
(m, 1H), 2.77-2.90 (m, 3 H), 3.85 (t, J = 6.2 Hz, 1 H, H-8), 3.89 (d,
J=13.2Hz, 1 H, CH,Ph), 3.99 (d, J = 13.2 Hz, 1 H, CH,Ph), 7.04
(dd, J=7.7, 48 Hz, 1 H, H-3), 7.20-7.42 (m, 6 H, C¢H5 and H-4),
8.37(d, J=4.8Hz, 1 H, H-2).

13C NMR (75 MHZ): § = 19.6, 28.6, 28.8, 51.8, 57.5, 121.8, 126.8,
128.2 (2 C), 128.3 (2 C), 132.4, 136.8, 140.6, 146.8, 157.4.

MS (Cl, isobutene): miz (%) = 239 (M* + H, 22), 133 (100), 132
(42).
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HRMS (CI, isobutene): m/zcalcd for CigH1gN,: 239.1548 (M* + H).
Found: 239.1545.

Anal. Calcd. for C;gHgN,: C, 80.63, H, 7.61, N, 11.75. Found: C,
80.47,H, 7.57, N, 11.75.

(9)-S-5,6,7,8-Tetrahydroquinolin-8-ylacetate (8)
R; 0.30 (30% EtOAc in hexane); [0] %2 —32 (c = 0.18, CHCI,).

IR (neat): 1686 cn™® (C=0).

IH NMR (300 MHz): 3 = 1.85-2.00 (m, 2 H), 2.10 (m, 1 H), 2.30
(m, 1H), 2.36 (s, 3H, CHy), 2.70-2.90 (m, 2 H), 4.99 (t, J = 4.8 Hz,
1H, H-8), 7.07 (dd, 7.7, 4.8 Hz, 1 H, H-3), 7.38(d, J = 7.7 Hz, 1 H,
H-4), 8.44 (dd, J = 4.8, 1.1 Hz, 1 H, H-2).

13C NMR (75 MHz): § = 19.8, 28.3, 30.4, 30.6, 45.6, 122.1, 133.3,
137.1, 147.7,154.1, 194.7.

MS (El): mz (%) = 207 (M*, 35), 165 (46), 164 (72), 132 (100).

HRMS (El): m/z cacd for C;;H;3;NOS: 207.0718 (M*). Found:
207.07109.

Anal. Calcd for C;;H,3NOS: C, 63.73; H, 6.32; N, 6.76. Found: C,
63.49; H, 6.51; N, 6.64.

Chiral-packed column and separation conditions: Daicel AD-RH,
eluent; 30% MeCN in H,O; flow rate; 1.0 mL/min, retention time
for (9-8; 17.1 min [(R)-8; 13.8 min].

Dimethyl (R)-5,6,7,8-Tetrahydroquinolin-8-ylmalonate (9)
R; 0.53 (20% EtOAc in hexane); [u] 2 +71 (c = 2.00, CHCI,).

IR (neat): 1735 cm (C=0).

IH NMR (300 MHz): § = 1.65-2.10 (m, 4 H), 2.70-2.90 (m, 2 H),
3.65 (m, 1 H, H-8), 3.67 (s, 3 H, CHa), 3.78 (s, 3 H, CHy), 4.38 (d,
J=6.2Hz, 1H, 2-H), 7.01 (dd, J= 7.7, 48 Hz, 1 H, H-3), 7.34 (d,
J=7.7Hz, 1H, H-4), 829 (d, J = 4.8 Hz, 1 H, H-2).

13C NMR (75 MHz): § =21.8, 25.9, 28.8, 41.4, 52.0, 52.3, 54.6,
121.3, 1325, 136.5, 146.3, 156.5, 169.2, 170.0.

MS (E1): Mz (%) = 263 (M*, 22), 232 (11), 204 (100), 172 (55), 132
(16).

HRMS (El) m/z caled for C,H;NO,: 263.1157 (M*). Found:
263.1152.

Anal. Cacd for C,,H,;NO,: C, 63.87, H, 6.51, N, 5.32. Found: C,
63.57, H, 6.45, N, 5.40.

Chiral-packed column and separation conditions: Daicel AD-RH,
eluent; 40% MeCN in H,O; flow rate; 1.0 mL/min, retention time
for (R)-8; 7.8 min [(9)-8; 6.5 min].

8-Alkylthio-5,6,7,8-tetrahydroquinolines 11

To a solution of (-8 (15 mg, 0.07 mmol) in MeOH (1 mL) was
added K,CO; (53 mg, 0.39 mmol) at 0 °C. The mixture was stirred
at r.t. for 15 min and recooled to 0 °C. To the mixture was added
Mel (5 equiv) or methyl bromoacetate (5 equiv) at the same temper-
ature and the mixture was stirred at r.t. for an additional 30 min.
H,O was added and the mixture was extracted with EtOAc. The ex-
tract was washed with brine and dried (MgSO,). After the solvent
was removed, the residue was purified by flash column chromatog-
raphy on silicagel (15% EtOAc in hexane) to give the correspond-
ing sulfides 11ain 78% yield and 11b in 85% yield as an ail.

(S)-8-M ethylthio-5,6,7,8-tetrahydroquinoline (11a)
R; 0.52 (30% EtOAc in hexane); [u] 2 +5 (¢ = 0.40, CHCI,).

IH NMR (300 MH2): § = 2.00-2.15 (m, 4 H), 2.17 (s, 3 H, SCH.,),
2.67-2.77 (M, 2H), 420 (t, J = 3.7 Hz, 1 H, H-8), 6.99 (dd, 7.7, 4.6
Hz, 1 H, H-3), 7.30 (d, J= 7.0 Hz, 1 H, H-4), 8.34 (dd, J = 4.8, 0.9
Hz, 1H, H-2).

BC NMR (75 MHz): § = 15.5, 18.7, 28.2, 28.6, 47.4, 121.9, 132.2,
137.1, 147.1, 156.5.

MS (El): mz (%) = 179 (M*, 0.4), 133 (100), 132 (40).

HRMS (El): m/z caled for CyoHysNS: 179.0769 (M*). Found:
179.0763.

Anal. Calcd for C,oH;5sNS: C, 66.99; H, 7.31; N, 7.81. Found: C,
66.25; H, 7.35; N, 7.78.

Chiral-packed column and separation conditions: Daicel AD-RH,
eluent; 30% MeCN in H,O; flow rate; 1.0 mL/min, retention time
for (9-11a; 12.8 min [(R)-11a; 15.2 min].

Methyl (S)-5,6,7,8-Tetrahydroquinolin-8-ylthioacetate (11b)
R; 0.28 (30% EtOAc in hexane); [a]p?° —73 (c = 0.70, CHCl,).

IR (neat): 1738 cm? (C=0).

IH NMR (300 MHz): 3 = 1.82 (m, 1 H), 2.03-2.23 (m, 3 H), 2.69—
2.90(m, 2H), 3.45(d, J = 15.2Hz, 1 H, CHH), 3.71(d, J = 15.2 Hz,
1H, CHH), 3.74 (s, 3H, CHy), 4.35 (t, J= 44 Hz, 1 H, H-8), 7.07
(dd, J=7.7, 46 Hz, 1 H, H-3), 7.38 (br d, J= 7.5 Hz, 1 H, H-4),
8.38 (br d, J= 4.8 Hz, 1 H, H-2).

13C NMR (75 MHz): § =19.0, 28.2, 29.0, 33.7, 45.9, 52.4, 122.1,
131.9, 137.2, 146.9, 156.4, 171.1.

MS (El): mz (%) = 237 (M*, 2), 206 (4), 164 (5), 133 (100), 132
(40).

HRMS (El): m/z caled for C,H,NO,S: 237.0823 (M*). Found:
237.0821.

Anal. Calcd for C;,H,;sNO,S: C, 60.73; H, 6.37; N, 5.90. Found: C,
60.51; H, 6.66; N, 5.95.

Chiral-packed column and separation conditions: Daicel OJ, eluent;
10% 2-propanol in hexane; flow rate; 1.5 mL/min, retention time
for (§-11b; 9.3 min [(R)-11b; 10.3 min].
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