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Abstract

Gold nanoparticles supported on Fi@1 mol%) catalyze the reduction of a series of
functionalized quinolines into 1,2,3,4-tetrahydromlines using hydrosilanes/ethanol

(hydride/proton) as the reductant system. A typieaction requires 4 molar equivalents of
phenyldimethylsilane (reductant of choice), 4 matguivalents of ethanol as a reagent and
heating to 70C under solvent free conditions. The isolated Welte moderate to excellent and

in certain cases the reaction rate is exceedingbt. fMechanistic analysis revealed the
stereoselective addition of two hydrides (from logillane) on positions C2 and C4 of the
quinoline ring and two protons (from ethanol) orsiions C3 and the nitrogen atom.
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Introduction

Heterogeneous reductive processes catalyzed bysagpgold nanoparticles (Au NPS)and
nanoporous gofdhave received considerable attention especiallr dkie past decade. The
reductants employed are tlirect hydrogenation) and CO/Hormates, alcohols, hydrosilanes
or hydroborane (transfer hydrogenation). It is gele accepted that reduction takes place via
the formation of gold hydride species. Owing to tkative instability and the difficulty for the
formation of Au-hydrides, Au NPs-catalyzed reduatiprotocols are more controllable and
selective relative to the analogous Pd or Pt-catal\processes; the facile accumulation of Pd or
Pt-hydrides on the catalyst's surface often leamlssitle reactionse(g., dehalogenation or
overeduction pathwayg)While much effort has been devoted to Au-catalyreduction of
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carbonyl and nitro compounds, there are only a éxamples regarding the reduction of
systems. Cao and co-workers have shown that Auddpported on high surface area titania
(HAS-TIiO,) catalyze the chemoselective reduction of quiredinnto 1,2,3,4-tetrahydro-
quinolines using b At the same time, Yamamoto's group reported a paraus gold catalyst
which employs hydrosilane#® to semireduce alkynes intts-alkenes’ More recently, further
progress has been achieved in the direct hydrogenat terminal alkynes over supported Au
NPs or Au nanoclusters:

The reports by C&oand Yamamotdb urged us to examine the possible reduction of
quinolines into 1,2,3,4-tetrahydroquinolines via ppgorted Au NPs-catalyzed transfer
hydrogenation using hydrosilanes, 1,2-disilanegromonia borane. These substances have been
previously used in other Au NPs-catalyzed reductipplications>*® The endeavours for this
specific reduction arise from the fact that 1,2(@#ahydroquinones constitute a very important
class of heterocyclic compounds, since they appedhne core skeleton in a variety of bioactive
naturally occurring substances or pharmaceutiaadymts. Thus, the interest of organic chemists
for their synthesis is continuotiswith a great body of publications focusing on taduction of
precursor quinolines. While our research effortgaias this goal using supported Au NPs were
in progress and had reached a level of maturityefiicient method for the reduction of
quinolines by hydrosilanes catalyzed by an unsuppatanoporous gold catalyst was repoffed.

Herein, we present our results which employ hyithoes/ethanol as the reducing system
under solvent free conditions and Au nanopartidepported on Ti@ as the most suitable
catalyst. In addition, a stepwise pathway was distadal with an initially fast 1,2-reduction
mode to form 1,2-dihydroquinolines, while the ne® é@nd C4 hydrogen atoms on reduction
products arise from the hydrosilane as supported labelling experiments. Alternative
approaches using 1,2-disilanes or ammonia boraredastants provided inferior results.

Results and Discussion

Optimization studies

As a model substrate we examined 8-methoxyquindlipeand in all experiments the loading of
catalyst (Au/TiQ, ~ 1 wt%) was kept at 1 mol% (Table 1). Althougst shown, we have also
tested other supported Au NPs catalysts (AsdAland Au/ZnO) having identical gold content
and size of nanoparticles (~2-3 nm on the avertm@&u/TiO, but the results were inferior to
those of Au/TiQ. The first crucial observation in the reductiontioé methoxyquinolind was
that apart from hydrosilane (hydride donor) a pnotource was require@.g., ethanol) as also
exemplified by labelling experiments presented he aiccompanying mechanistic discussion.
Thus, 8-methoxyquinoline is smoothly reduced inrtm@&hoxy-1,2,3,4-tetrahydroquinolin&g)

by hydrosilanes with the best results obtainedgupimenyldimethylsilane (PhM8iH, 4 equiv)
and equimolar amounts of ethanol as a proton saarttee absence of any solvent and within a
few minutes at 70C. Under these conditions, 100% consumption of gb#oline 1 was
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observed, and the tetrahydroquinolifea was isolated in 84% vyield after column
chromatography. It is important to stress thatesaifree conditions in a given chemical process
are highly desired. Triethylsilane exhibited inéerresults, while 1,1,3,3-tetramethyldisiloxane
(TMDS) which is an extremely reactive hydrosilanether Au-catalyzed transformatidns®2?

did not show better activity to Phi&H. Hexamethyldisilane (M8&i-SiMe;) exhibited a
moderate activity arising from transiemt situ generated trimethylsilane during its Au/T+O
catalyzed ethanolysiS.Disappointingly, the use of ammonia borane §RHs), a powerful and
rapidly reductant of nitro compounds in the preseotAu/TiO,,'” provided only traces of the
reduction product.

Table 1. Reduction of 8-methoxyquinolinel)( in the presence of various reducing agents

catalyzed by Au/TiQ
reductant (4 equiv)

~N Au/TiO, (1 mol%), 70 °C
—
N N
H

MeO MeO
1 1a
Reductant solvent Additive (equiv) time 1a (%)
PhMeSiH DCE EtOH (4) 1h 65
PhMeSiH THF EtOH (4) 30 min 95
PhMeSiH EtOAC EtOH (4) 1h 25
PhMeSiH EtOH - 15h 65
PhMeSiH - EtOH (4) 5 min 65
PhMeSiH - EtOH (4) 15 min 100
PhMeSiH - HO (2f 20 min 100
Et;SiH - EtOH (4) 1h 24
TMDS® - EtOH (4) 1h 71
HMDS? - EtOH (4) 1h 26
NH3BH3 EtOH - 6 h <5

2 Conversion vyields? See ref. 21° TMDS = 1,1,3,3-Tetramethyldisiloxand. HMDS =
Hexamethyl-1,2-disilane

Scope and limitations

Having identified the optimum experimental condigdor reducing the methoxyquinolidgwe
then studied the scope and limitations of the rednwmn a series of functionalized quinolines
using 4 molar equivalents of the mixture PhBiel/EtOH and 1 mol% of catalyst (Au/TiD
under solvent free conditions (Table 2).
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Table 2. Reduction of quinolines by Phiy®&H/EtOH catalyzed by Au/Ti@under solvent free
conditions.

PhMe,SiH (4.0 equiv)
AU/TiO5 (1 mol%)

Y
o) = /

X_(\/(j EIOH (4.0 equiv), 70°C ) j
NN

H
tant duct . isolated yield
reactan produc time o0
\ a
_ 2 2a 5h 33
N N
H
\ .
N Me N Me
H
- Me Me
_ 4 4a 2h 82
N N
H
Me Me
X 5a
~ ° (cis/trans 10:1) ~ 3h 75
N Me N Me
H
Me Me
A 6a
J_ 8 (cis/trans 10:1) ~ 1h 87
N~ ~Ph N~ ~Ph
H
Cl x Cl b
7 Ta 3h 62
—
N N
H
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Table 2 (continued)

PhMe,SiH (4.0 equiv)
AU/TiO5 (1 mol%)

(;( J EtOH (4.0 equiv), 70 °C

Y
= YA
<€ 1)
X N

H

d ) isolated yield
reactant product time (%)
Br N Br
_ 8 8a 3h 84
N N
H
F N F
_ 9 9a 20 min 82
N Me N Me
H
Cl XN Cl
P 10 10a lh 84
N Me N Me
H
X
_ 1 11a 1h 81
N Me N Me
Br Br H
H
N\ N .
/] 12 ] 12a 3h 5
N N
H
Me Me
N
SOE TG ® RN
—
N N
H
Me Me
Cl X Cl
14 14a 6h 0
—
N N
H

aWith 10 equiv PhMgSIH/EtOH (12 h) the isolated yield increases to 58%Vith 6 equiv
PhMeSiH/EtOH (3 h) the isolated yield increases to 79%onversion yield. With 10 equiv
PhMeSiH/EtOH (12 h) the conversion is 14%.
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Quinolines substituted at C2 or C3 are smoothiguced providing the corresponding
1,2,3,4-tetrahydroquinolines in very good yieldgl-Risubstituted quinolineS and6 provided
mainly the thermodynamically favouraldes-2,4-disubstituted tetrahydroquinoliness{trans ~
10:1). Parent quinoline2) was rather unreactive compared to the substitatedogues, and a
large excess (>10 equiv) of reducing agents wasined)to achieve a decent conversion yield.
The same poor reactivity was also observed witmapaline @2) that gave under standard
reaction conditions 1,2,3,4-tetrahydroquinoxalidd in very low yield (5%); this can be
improved to 14% in the presence of 10 molar exoéss/drosilane/ethanol. On the other hand,
the C4 methyl-substituted quinolines (lepidih® and 6-chlorolepidinel4) were surprisingly
completely unreactive, which was difficult to explaiven that disubstituted and6 bearing a
methyl group at C4 are readily reduced. Fortunatily halide-substituted quinolin@sl1 did
not suffer any protodehalogenation upon reductamgch is a typical, often undesireable side-
reaction seen under Pd, Pt or Ru catalysis comaifio

By studying the reduction of the slowly reactiraygnt quinoline2) with *H NMR we found
that initially the N-C double bond was reduced donf intermediate 1,2-dihydroquinolin2h)
which then slowly gave 1,2,3,4-tetrahydroquinol{ge) (Scheme 1). We were able to isolate the
dihydroquinoline 2b by column chromatography as a mixture with finabduct 2a (see
Supporting Information). The intermediate 1,2-dilgglinoline2b is known to gradually re-
oxidized to quinoline in atmospheric af®

PhMe,SiH/EtOH PhMe,SiH/EtOH
@ AUITIO; (cat) @ AUITIO; (cat) ©\/j
N/ N slower N
H H
2 2b (isolable) 2a

Scheme 1.Reaction profile in the Au-catalyzed reduction g@finoline @) to 1,2,3,4-
tetrahydroquinolineda) via intermediate formation of 1,2-dihydroquindai@b).

Mechanistic studies

To study the mechanism of reduction we preparededemn labelled PhM&SID (>98% D) by
reaction of PhMgSICl with LIAID 4 in THF. The smoothly reacting 8-methoxyquinoliig \fas
chosen as a model substrate (Scheme 2). In théioranf the methoxyquinolinel with
PhMeSiD/EtOH we found >95% and ~50% D incorporatiorCatand C4, respectively (s&e
NMR spectrum in Supporting Information), while witPhMeSiH/CD;OD, ~75% D
incorporation was seen at C3 and ~10% on C2 (sppddiing Information).
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PhMe,SiD (4.0 equiv)
Au/TiO5 (1 mol%)
EtOH (4.0 equiv), 70°C

H(D) =<— ~50% D

H H(D) <—>95% D
2 OMe
_J 7| PhMe;SiH (4.0 equiv)
N Au/TiO;, (1 mol%) H(D) <— ~75% D
OMe CD30D (4.0 equiv), 70 °C
1 -
H H(D) =—~10% D
OMe

Scheme 2. Deuterium labelling experiments in the Au/Ti€atalyzed reduction of the
methoxyquinolinel by hydrosilane/EtOH.

While it seems that the new C-H bonds on C2 andu@e from hydride Si-H functionality,
and the new C-H bond on C3 from the proton of sul&tOH), the incomplete deuterium
incorporation in both experiments on C3 and C4 waise peculiar. To shed light on this, the
reaction between the methoxyquinoliheand PhMgSiD/EtOH was monitored by GC-MS. To
our surprise, during the initial stages of reacti®mMeSIiD gradually underwent isotopic
exchange to PhM8iH (Figure 1). This observation nicely explainad tncomplete deuteration
patterns appearing in Scheme 2. First, we consigdrthe quinolines were reduced quickly to
intermediate 1,2-dihydroquinolines and then slotai,2,3,4-tetrahydroquinolines (Scheme 1).
Thus, PhMegSIiD quickly reduces the methoxyquinolind to the corresponding
1,2-dihydroquinoline before undergoing significatdguterium depletion (>95% deuteration at
C2). Since the second reduction step (1,2-dihydradimes to 1,2,3,4-tetrahydroquinolines) was
slow, and PhMgSID had in the meantime undergone substantial Déehange, only 50% D
incorporation was seen on C4. The same holds ineperiment using PhM8iH/CD;0D.
Owing to isotopic scrabbling between the Si-H anB ®onds, incomplete deuteration occurs on
C3, while a small amount of deuterium appears on@igh is attributed to the partial formation
of PhMeSIiD under the reaction conditions. The depletiondefiterium in PhMgSID is not
clearly understood and apparently is catalyzed hy MPs. An analogous metal-catalyzed
depletion of deuteride (NaBJpby a protic solvent (EtOH) is known in the literee?*
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Figure 1. MS spectra of PhM&IH (MW = 136; top), PhMSID (MW = 137; middle), and the
mixture of PhMgSiD/PhMeSiH (bottom) by the gradual depletion of Ph8® from EtOH
during the progress of reaction.

The fast depletion of Si-D functionality under theaction conditions did not allow the
conclusive study of other slowly reacting quino$ireeich as the pareat For example, reduction
of the slightly less reactive (compared Ipfluoroquinoline9 with PhMeSID, led to 60% D
incorporation on C2, ~20% on C4 and ~10% on oneftwo distereotopic protons of C3 (see
Supporting Information). The minor deuteration o €n be attributed to the situ formation
of EtOD under the reaction conditions.

On the basis of the labelling experiments, we psepa reasonable stepwise mechanism that
involves the regioselective additioniofsitu formed silylgold hydride speci®<®on C2 and C4
carbon atoms, accompanied by protonation with etham C3 and nitrogen atoms, respectively
(Scheme 3). Gold hydride Phh&AuH has been postulated to be formed by insedfofiu NP
on the Si-H bond’ The side product of reaction (Ph)%OEt) was isolated and characterized
(see Supporting Information).
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Scheme 3Proposed mechanism for the reduction of quinolioes,2,3,4-tetrahydroquinolines
by PhMeSIiH/EtOH catalyzed by Au/Ti©

Conclusions

We have demonstrated a solvent-free reduction afotjoes to 1,2,3,4-tetrahydroquinolines
using PhMeSIiH/EtOH as the reductant system, and as catabfdtrganoparticles supported on
TiO,. This method complements a recently presentedctiesiuprotocol that uses a nanoporous
gold catalyst® The hydrogen atoms in the reduction products dris@ hydrosilane (2 C-H
bonds on C2 and C4) and from EtOH (C-H bond at 68 W-H bond). Furthermore, an
unexpected exchange of Si-H hydride by protons femivent can occur under the reaction
conditions. The current reduction protocol expatis potential of supported Au nanoparticles
in catalysis-®

Experimental Section

General. Nuclear magnetic resonance spectra were record8d®and 500 MHz spectrometers
in CDCk. Isomeric purities were determined By NMR spectroscopy, by analytical gas
chromatography and by GC-M8-Methoxyquinoline 1)*® was synthesized by treatment of
commercially available 8-hydroxyquinoline with,®0; and CHI in DMF. Quinolines5®° and
6°° were prepared by Friedlander condensation of M@amsetophenone with acetone or
acetophenone, respectively, based on a literatmeegure’* 8-Bromo-2-methylquinolinel(l)*?
was synthesized via a Doebner—Miller condensatimtopof® between 2-bromoaniline and
crotonaldehyde. The rest of quinolines are comrallycavailable substances.

Spectroscopic data of synthesized quinolines

8-Methoxyquinoline (1).22 *H NMR (300 MHz, CDC}) 8.94-8.92 (m, 1H), 8.13 (dd, 18,8.0,
1.5 Hz), 7.49-7.37 (m, 3H), 7.05 (dd, 1B,7.5, 1.5 Hz), 4.09 (s, 3H}*C NMR (75 MHz,
CDCls) 155.3, 149.1, 140.0, 136.0, 129.4, 126.7, 121116,5, 107.6, 56.0.
2,4-Dimethylquinoline (5)?° *H NMR (300 MHz, CDCY): 8.05 (d, 1H, 8.5 Hz), 7.94 (dd, 1H,
J 8.5, 1.5 Hz), 7.67 (dt, 1H} 8.5, 1.5 Hz), 7.50 (dt, 1H}, 8.5, 1.5 Hz), 7.14 (d, 1H, 1.0 Hz),
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2.71 (s, 3H), 2.66 (d, 3H] 1.0 Hz).1C NMR (75 MHz, CDCJ) 158.5, 147.4, 144.5, 129.2,
128.9, 126.5, 125.5, 123.6, 122.7, 25.0, 18.6.

4-Methyl-2-phenylquinoline (6)® *H NMR (300 MHz, CDCY) 8.22-8.15 (m, 3H), 8.02 (d, 1H,
J 8.0 Hz), 7.75-7.69 (m, 2H), 7.58-7.43 (m, 4H),@(@, 3H,J 1.0 Hz).°C NMR (75 MHz,
CDCl) 157.0, 148.1, 144.8, 139.8, 130.3, 129.3, 128.8, 127.5, 127.2, 126.0, 123.6, 119.7,
19.0.

8-Bromo-2-methylquinoline (11)** *H NMR (300 MHz, CDC}) 8.04-7.98 (m, 2H), 7.72 (t,
1H,J 8.0 Hz), 7.35-7.26 (m, 2H), 2.80 (s, 3HC NMR (75 MHz, CDCY) 160.4, 144.8, 136.5,
133.0, 127.9, 127.4, 126.0, 124.1, 122.8, 25.7.

Typical procedure for the reduction of quinolines

To a dry vial containing 8-methoxyquinoling,(0.048 g, 0.3 mmol), M@hSiH (185uL, 1.2
mmol) and ethanol (7QL, 1.2 mmol), Au/TiQ (60 mg, 1.0 mol%) was added. The Au content
in catalyst was ~1 wt%. The mixture was heated @dQ and the progress of reaction was
monitored by TLC and GC. After 15 min (100% convan}, ethanol (1 mL) was added and the
resulting slurry was filtered under reduced presshrough a short pad of silica gel with the aid
of ethanol (2-3 mL) to withhold the supported cgdal The filtrate was evaporated under
vacuum and the residue was chromatographebexane/ethyl acetate, 10:1) to afford 8-
methoxy-1,2,3,4-tetrahydroquinolingd) (41 mg, 84% yield).

Spectroscopic data of reduction products

8-Methoxy-1,2,3,4-tetrahydroquinoline (1ay®*H NMR (300 MHz, CDC}) 6.65-6.55 (m, 3H),
3.83 (s, 3H), 3.36-3.32 (m, 2H), 2.78 (t, 2H6.5 Hz), 2.00-1.92 (m, 2H}*C NMR (75 MHz,
CDCl) 146.4, 134.3, 121.7,121.6, 115.9, 107.4, 5514,26.6, 22.0.
1,2,3,4-Tetrahydroquinoline (2a) *H NMR (300 MHz, CDC}) 7.01-6.95 (m, 2H), 6.63 (t, 1H,
J 8.0 Hz), 6.49 (d, 1H) 8.0 Hz), 3.33-3.29 (m, 2H), 2.78 (t, 1816.5 Hz), 2.00-1.92 (m, 2H).
13C NMR (75 MHz, CDC}) 144.6, 129.5, 126.7, 121.5, 117.0, 114.2, 456, 22.1.
2-Methyl-1,2,3,4-tetrahydroquinoline (3a)** *H NMR (300 MHz, CDCJ) 7.01-6.95 (m, 2H),
6.62 (t, 1H,J 7.5 Hz), 6.49 (d, 1HJ 7.5 Hz), 3.47-3.36 (m, 1H), 2.91-2.69 (m, 2H),8t1990
(m, 1H), 1.67-1.54 (m, 1H), 1.22 (d, 386.5 Hz).**C NMR (75 MHz, CDC}) 144.2, 129.3,
126.7, 121.4, 117.4, 114.4, 47.3, 30.0, 26.5, 22.4.

3-Methyl-1,2,3,4-tetrahydroquinoline (4a)** *H NMR (300 MHz, CDCJ) 7.02-6.95 (m, 2H),
6.65 (t, 1H,J 8.0 Hz), 6.55 (d, 1H] 8.0 Hz), 3.29 (dd, 1H] 11.0, 3.5 Hz), 2.90 (dd, 1H,11.0,
10.0 Hz), 2.79 (dd, 1H] 16.0, 4.0 Hz), 2.44 (dd, 1H,16.0, 10.5 Hz), 2.18-2.02 (m, 1H), 1.07
(d, 3H,J 6.5 Hz).**C NMR (75 MHz, CDCJ) 144.0, 129.5, 126.7, 121.2, 117.1, 114.0, 48.8,
35.4, 27.1, 19.0.

cis-2,4-Dimethyl-1,2,3,4-tetrahydroquinoline (5aeis).®** '"H NMR (300 MHz, CDC}) 7.14 (d,
1H,J 7.5 Hz), 6.97 (t, 1HJ) 7.5 Hz), 6.68 (t, 1H) 7.5 Hz), 6.48 (d, 1H] 7.5 Hz), 3.53-3.42 (m,
1H), 3.04-2.91 (m, 1H), 1.98-1.91 (m, 1H), 1.4231(&, 1H), 1.33 (d, 3HJ) 6.5 Hz), 1.20 (d,
3H, J 6.5 Hz).**C NMR (75 MHz, CDCJ) 144.7, 126.8, 126.7, 126.3, 117.3, 113.9, 47046,4
30.8, 22.7, 20.3.
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trans-2,4-Dimethyl-1,2,3,4-tetrahydroquinoline (5atrans).>® 'H NMR (300 MHz, CDC))
7.14 (d, 1H,] 7.5 Hz), 7.00 (t, 1HJ 7.5 Hz), 6.66 (t, 1HJ 7.5 Hz), 6.49 (d, 1H] 7.5 Hz), 3.53-
3.42 (m, 1H), 3.05-2.92 (m, 1H), 1.70-1.63 (m, 1H¥2-1.23 (m, 1H), 1.28 (d, 3H,6.5 Hz),
1.21 (d, 3H,J 6.5 Hz).*C NMR (75 MHz, CDCJ) 144.1, 129.1, 126.7, 126.3, 116.9, 114.0,
42.4,37.1, 30.1, 24.7, 22.6.

cis-4-Methyl-2-phenyl-1,2,3,4-tetrahydroquinoline (6aeis).*® '"H NMR (500 MHz, CDC})
7.47-7.29 (m, 5H), 7.20 (d, 1H,7.5 Hz), 7.02 (t, 1H) 7.5 Hz), 6.73 (t, 1HJ 7.5 Hz), 6.54 (d,
1H,J 7.5 Hz), 4.49 (dd, 1H] 11.5, 2.5 Hz), 3.18-3.11 (m, 1H), 2.14-2.09 (m),1H81-1.73 (m,
1H), 1.39 (d, 3HJ 6.5 Hz).*C NMR (125 MHz, CDGJ) 144.7, 1445, 128.6, 127.6, 126.9,
126.8, 126.6, 126.0, 117.5, 114.1, 57.0, 41.6,,203.
trans-4-Methyl-2-phenyl-1,2,3,4-tetrahydroquinoline  (6atrans).®’ 'H NMR (500 MHz,
CDCly) 7.41-7.28 (m, 5H), 7.10 (d, 1H,7.5 Hz), 7.03 (t, 1HJ 7.5 Hz), 6.70 (t, 1HJ 7.5 Hz),
6.57 (d, 1H,J 7.5 Hz), 4.48 (dd, 1H] 11.5, 2.5 Hz), 2.97-2.91 (m, 1H), 2.08-2.02 (m),1H89-
1.83 (m, 1H), 1.38 (d, 3HI 6.5 Hz).»*C NMR (125 MHz, CDGJ) 144.8, 144.0, 128.8, 128.6,
127.4,126.9, 126.6, 126.0, 117.1, 114.1, 52.2,318.9, 24.1.
6-Chloro-1,2,3,4-tetrahydroquinoline (7a)® *H NMR (300 MHz, CDC}) 6.92-6.88 (m, 2H),
6.41 (d, 1H,J 8.0 Hz), 3.31-3.27 (m, 2H), 2.73 (t, 1816.5 Hz), 1.96-1.88 (m, 2H}°C NMR
(75 MHz, CDC}) 142.8, 129.1, 126.5, 123.2, 121.6, 115.4, 41698B,21.7.
6-Bromo-1,2,3,4-tetrahydroquinoline (8a)*® *"H NMR (300 MHz, CDC}) 7.05-7.01 (m, 2H),
6.34 (d, 1H,J 8.0 Hz), 3.30-3.26 (m, 2H), 2.73 (t, 2816.5 Hz), 1.95-1.87 (m, 2H}°C NMR
(75 MHz, CDC}) 143.1, 131.9, 129.4, 123.8, 115.9, 108.8, 41687,21.6.
6-Fluoro-2-methyl-1,2,3,4-tetrahydroquinoline (9a)** *H NMR (300 MHz, CDCJ) 6.71-6.65
(m, 2H), 6.44-6.39 (m, 1H), 3.39-3.33 (M, 1H), 2886 (M, 2H), 1.97-1.88 (m, 1H), 1.64-1.51
(m, 1H), 1.21 (d, 3HJ 6.5 Hz).2*3C NMR (75 MHz, CDC}) 155.6 (dJcr 233.5 Hz), 140.7 (d,
Jor 2.0 Hz), 122.6 (dJcr 6.5 Hz), 115.4 (dJcr 21.5 Hz), 114.9 (dJcr 7.5 Hz), 113.2 (dJcr
22.0 Hz), 47.4, 29.8, 26.6 (8 1.5 Hz), 22.4.

6-Chloro-2-methyl-1,2,3,4-tetrahydroquinoline (10af* *H NMR (300 MHz, CDC}) 6.93-
6.88 (m, 2H), 6.39 (d, 1H] 8.5 Hz), 3.44-3.33 (m, 1H), 2.86-2.65 (m, 2H),6t1089 (m, 1H),
1.62-1.49 (m, 1H), 1.21 (d, 3H, 6.5 Hz).*C NMR (75 MHz, CDC}) 143.2, 128.8, 126.5,
122.6, 121.3, 115.0, 47.2, 29.7, 26.4, 22.4.

8-Bromo-2-methyl-1,2,3,4-tetrahydroquinoline (11a)'H NMR (300 MHz, CDC)) 7.23 (d,
1H, J 8.0 Hz), 6.91 (d, 1H) 8.0 Hz), 6.46 (t, 1HJ 8.0 Hz), 3.53-3.43 (m, 1H), 2.91-2.70 (m,
2H), 1.98-1.90 (m, 1H), 1.65-1.52 (m, 1H), 1.293#,, J 6.5 Hz).*C NMR (75 MHz, CDC})
141.7, 129.9, 128.1, 122.6, 116.9, 108.5, 47.46,286.9, 22.5. HRMS (ESI-Orbit trapyz
[M+H] " calcd for GoH1-BrN+H, 226.0231; found 226.0227.
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