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Abstract — Cyclization of aryllithiums obtained by iodine-lithium exchange
reaction on N-alkenyl 2-iodoanilines allows the synthesis of 4- and 2,4-substituted
tetrahydroquinolines. However, the alkene has to be substituted with a stabilizing
group for the resulting organolithium to favor the intramolecular carbolithiation.
When (—)-sparteine (4) or (+)-sparteine surrogate (5) are used as chiral ligands low
levels of enantioselection are obtained. The carbolithiation is completely

diastereoselective when an enantiomerically pure precursor is used.

INTRODUCTION*

The carbolithiation reaction of alkenes and alkynes has attracted considerable interest among synthetic
organic chemists, as it offers an attractive pathway for the efficient construction of new carbon-carbon
bonds with the possibility of introducing further functionalization by trapping the reactive organolithium
intermediates with electrophiles. The intramolecular variant of this reaction has been applied mainly with
alkyl- and alkenyllithiums, though there are also some examples of cycloisomerization of alkenyl
substituted ~aryllithiums, generated by metal-halogen exchange.! In particular, intramolecular
carbolithiation is well suited for the diastereoselective construction of five-membered rings through a
5-exo-trig cyclization process, as has been shown in the synthesis of both carbocycles” and heterocycles.’
When alkenes are used, up to two contiguous stereogenic centers may be generated, that may be controlled
by using chiral ligands for lithium, and so opening new opportunities for its application in asymmetric
synthesis. In this context, the chiral bidentate amine (—)-sparteine® has been used in the formation of five

membered rings with high levels of stereocontrol.” However, to achieve a intramolecular 6-exo

"Dedicated to Prof. Victor Snieckus on the occasion of his birthday, with gratitude for his example and support.
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carbolithiation, the alkene should carry a stabilizing group for the resulting organolithium or a leaving
group a to the double bond (Sx2' pathway). However, even in those cases, formation of six-membered
cycles is not general.® In this context, we have shown that intramolecular carbolithiation reactions of
2-alkenyl substituted N-benzylpyrroles constitutes an efficient route to pyrrolo[1,2-b]isoquinolines, though
in this case, besides activation of the alkene, the use of mesityllithium (MesLi) as metalating agent is
required to avoid 1,2 or 1,4-addition of the alkyllithium to the unsaturated system. The procedure is
applicable to the construction of six, seven and eight membered rings, thus opening new routes to
benzazepines, and benzazocines. Although the use of (—)-sparteine as a chiral ligand led to low levels of
enantioselection, enantiomerically pure hexahydropyrrolo[1,2-bJisoquinolines could be synthesized by
applying this protocol to the related pyrrolidines derived from proline, as the reactions proceed with
complete diastereoselectivity.’

On the other hand, we were interested in the application of this type of intramolecular carbolithiation to the
construction of the tetrahydroquinoline framework, present in many natural products and biologically
active compounds.® Therefore, the development of new synthetic procedures for the enantioselective
synthesis of these heterocycles continues to be an intensely investigated field.” More precisely, some
2-carboxytetrahydroquinoline derivatives are well-known antagonists of glycine at the NMDA receptor,
and have received much attention as potential candidates for the treatment of nicotine craving.'’ On the
other hand, 2-aryloxymethyltetrahydroquinolines have been identified as PPARo agonists,'' while the
2-acyloxymethyl derivatives are enzyme inhibitors that constitute an important target in the therapy of

. . 12
Alzheimer’s disease.
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Figure 1

In this context, we have previously reported 2,4-disubstituted tetrahydroquinolines can been obtained
through an intramolecular carbolithiation of aryllithiums generated from N-alkenyl-substituted
o-iodoanilines when the alkene is substituted with an amide group. When the reaction is carried out in the
presence of (—)-sparteine the substitution pattern of the carboxamide was relevant, as when the N,N-diethyl
derivative was used the tetrahydroquinolines were obtained with moderate diastereoselectivity (in favor of

the 2,4-trans isomer) and each of the diastereomers with low enantiomeric excess under all the conditions
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tested. However, with the Weinreb amide as substrate and n-BulLi as metalating agent at —95 °C, the
cyclization proceeded rapidly (10 minutes) with reasonable diastereoselectivity (dr 33:67) and excellent ee

for each of the isolated diastereomers (94% ee and 92% ee) (Scheme 1)."

o O
OMe OMe OMe
[ N N
M M
@E ' © n-BuLi (2.2 eq) Me . e
N~ Ph (-)-sparteine (2.2 eq) N~ Ph N~ Ph
! toluene | \
Me -95°C, 10 min Me Me
(2S, 4R)-cis (2R, 4R)-trans
ee 94% ee 92%
dr 33:67
Scheme 1

With these precedents in mind, we wanted to study the scope of this type of carbolithiation reaction for the
synthesis of 2,4-disubstituted tetrahydroquinoline derivatives 2. For this purpose, we chose a series of
butenylanilines 1,'* with different substitution patterns in the alkene and o to the nitrogen atom (Scheme 2),
that would lead to tetrahydroquinolines 2 bearing different substituents on C-2. Here we present a full

account of our investigations.

R _R'
X J\j RLi R' = H, CONEt,, CONMeOMe
—_— R2=H, CO.Et, CH,OBn  $~..0
N"R? NS 2 2 \O><
Me Me
1 2
Scheme 2
RESULTS AND DISCUSSION

We first studied the intramolecular carbolithiation of N-alkenyl substituted 2-iodoanilines 1a-c¢ (Scheme 3).
The reactions were carried out under the usual conditions, using 2 equivalents of the organolithium at low
temperature in THF, with or without TMEDA (Table 1). As could be expected from our previous results, "
iodine-lithium exchange was fast at low temperature when 1a was treated with n-BuLi or #-BuLi, but the
unsubstituted alkene was not reactive enough to participate in the cyclization, even in the presence of
TMEDA (entries 2, 5) or when the reaction is allowed to warm up to room temperature for longer periods of
time (entries 1, 3). In all cases, the deiodinated aniline 3a was isolated in high yield. On the other hand,
cyclization of 2-iodoanilines 1b,e¢ took place efficiently at low temperature in short reaction times (10 min)

to afford the corresponding tetrahydroquinolines 2b,¢. Cylization was fast even in the absence of TMEDA,



428 HETEROCYCLES, Vol. 88, No. 1, 2014

but generally better yields were obtained with this additive, as has been described in related reactions.”"
When n-BuLi or -BuLi were used as metalating agents, 1,4 addition to the enamide moiety was observed as
competitive reaction, lowering the isolated yield of 2b,e¢ (entries 6-9, 11-14). The use of mesityllithium
(MesLi), a more bulky and less nucleophilic reagent for the iodine—lithium exchange reaction,” avoided

these side reactions improving the isolated yields of tetrahydroquinolines 2b,c¢ (entries 10, 15).

R! R! R
| J)/ RLi / additive (2 equiv) J)/
THF
CE,}, (Table 1) - N Q’?‘
Me Me Me
1aR'=H 2aR'=H 3a
1b R' = CONEt, 2b R" = CONEt,
1¢ R' = CON(OMe)Me 2¢ R' = CON(OMe)Me
Scheme 3
Table 1. Carbolithiation reactions of 1a-c
Entry Substrate RLi Additive T (°C) t Product  Yield (%)*

1 1a n-BuLi - —78 4h 3a 89
2 1a n-BuLi  TMEDA -78 16 h 3a 90
3 1a n-BuLi - —78tort  16h 3a 88
4 1a t-BuLi - —78 4h 3a 83
5 1a t-BuLi TMEDA 78 16 h 3a 76
6 1b n-BuLi - -105 10 min 2b 70
7 1b n-BuLi  TMEDA 105 10 min 2b 78"
8 1b t-BuLi - -105 10 min 2b 55"
9 1b tBuLi  TMEDA -105 10 min 2b 55°
10 1b MesLi - -78 10 min 2b 85
11 1c n-BuLi - 78 10 min 2¢ 50"
12 1c n-BuLi ~ TMEDA -78 10 min 2c 53"
13 1c t-BuLi - 78 10 min 2c 40°
14 lc t-BuLi TMEDA 78 10 min 2¢ 45"
15 1c MesLi - ~78 10 min 2¢ 71

“Yield of pure isolated compound. “The corresponding 1,4-addition product of the RLi was isolated as by-product (10-15%)

Our next step was to study the possibility of performing the carbolithiation reactions in an enantioselective
fashion in the presence of a chiral ligand for lithium. In this context, as stated before, the chiral bidentate
amine (—)-sparteine (4)* has been used in the formation of five membered rings with high levels of

stereocontol.” Thus, 2-iodoanilines 1b and 1¢ were reacted with n-BuLi or #-BuLi in the presence of this
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chiral diamine. Several reaction conditions were used, some of which are summarized on Table 2 (Scheme
4). The reactions were carried out in toluene, to favor the coordination of the organolithium with the amine.
For this reason, MesLi could not be used for these reactions. Although the preparation of MesLi from
mesityl bromide in THF is straightforward, we were unable to generate it efficiently using toluene or
hexane as solvents. In all cases, the tetrahydroquinolines 2b,¢ were obtained in moderate yields, but with
low enantiomeric purity. No significant improvement was observed when different experimental

procedures regarding the addition of reagents were used (Procedures A,'® B or C).

R' R'
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(Table 2) (-)-sparteine (4
N N
I\llle I\llle Me\N H
1b R' = CONEt, 2b R' = CONEt, @“j

1c R' = CON(OMe)Me 2c R' = CON(OMe)Me 5

T
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Scheme 4

Table 2. Chiral diamine mediated carbolithiation reactions of 1b-¢

Entry  Substrate  Procedure” RLi L* T (°C) t 2, Yield (%) ee (%)°
1 1b A n-BuLi 4 =90 30 min 49 10
2 1b A n-BuLi 4 -95 10 min 46 8
3 1b A t-BuLi 4 -90 30 min 49 <1
4 1b B n-BuLi 4 -90 30 min 43 <1
5 1b B t-BuLi 4 -90 30 min 48 6
6 1b C n-BuLi 4 -90 30 min 44 <1
7 1b C t-BuLi 4 -90 30 min 45 4
8 1b A t-BuLi 5 —78 2h 53 -4
9 lc A n-BuLi 4 -90 30 min 41 6
10 1b A n-BuLi 4 -95 10 min 33 28
11 1c A t-BulLi 4 -90 30 min 42 2
12 1c B n-BuLi 4 -90 30 min 47 8
13 1c B t-BuLi 4 -90 30 min 48 4
14 1c C n-BuLi 4 -90 30 min 40 2
15 1c C t-BuLi 4 -90 30 min 43 4

“Procedure A: A solution of the substrate was added over a pre-formed mixture of the RLi and the chiral amine at low
temperature; Procedure B: The RLi was added over a solution of the substrate and (—)-sparteine (4); Procedure C: A pre-formed
mixture of the RLi and the chiral amine was added at low temperature over a solution of the substrate. *Yield of pure isolated
compound. “Determined by chiral stationary phase HPLC.
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In our previous work'® we had observed a strong influence of the amide moiety on the enantioselection,
obtaining excellent when Weinreb amides were used. However, no relevant difference on the behavior of
1b and 1c¢ was observed under the conditions used. The enantioselection could be slightly improved when
the temperature was lowered, and with shorter reaction times, although lowering the yield, with aniline 1¢
(entry 10). The use of other solvents, as pentane / Et,0 (9/1 vol),'® gave similar results. A large set of chiral
ligands have been studied to effect asymmetric intramolecular carbolithiations, although (-)-sparteine (4)
generally gave the best results.'” In this context, we chose diamine 5, as it has been described to behave as
an efficient (+)-sparteine surrogate in carbolithiation reactions.'”” However, when it was used with aniline
1b, tetrahydroquinoline 2b was obtained with low ee (4%), in favor of the opposite enantiomer. Having
obtained this low enantioselectivity level, no efforts were made to determine the configuration of the
stereogenic centre, and no other ligands were tested.

We next focused on the synthesis on 2,4-substituted tetrahydroquinolines, starting from o-substituted
alkenyl anilines. We first checked the possibility of performing an intramolecular carbolithiation reaction in
the presence of an ester moiety. Not surprisingly, the reaction of amino ester 1d under various conditions
led to a complex mixture of products. When n-BuLi was used (Scheme 5) indole 6 could be isolated as the
major compound in low yield (20%), which would result from cyclization of the aryllithium with the ester

moiety, and subsequent addition of n-BuLi. Under similar conditions, 1e led only to complex mixtures.

R‘l
Bil:J/ n-BuLi P
[:::I:N COLEt THF, - 78 °C. 30 min [::]:;é*_“\::
Me H
1dR' =H 6 (20%) (from 1d)

1e R' = CONEt,
Scheme 5
In view of these results, we chose a protected hydroxymethyl group. Thus, anilines 1f-h were treated with
t-BuLi or n-BuLi under various reaction conditions (Scheme 6, Table 3). As in the previous examples, the
cyclization did not take place onto the unsubstituted alkene of 1f, leading to the formation of deiodinated 3b
(Table 3, entries 1,2). On the other hand, cyclization of 1g took place smoothly at —78 °C to afford a mixture
of 2,4-cis and 2,4-trans substituted tetrahydroquinolines 2g, with poor diastereoselectivity and moderate
yield (entry 3). Various conditions were tested in order to improve the yield and the stereoselectivity.
Loweing the temperature and the reaction time led to a slight improvement, but still in a range of 40:60
(entries 4, 5). Similar results were obtained with 1h (entries 8, 9). The use of ~-BuLi/TMEDA gave the best
results in terms of diastereoselectovity, but still in the 30:70 range. In the case of 1h, the use of MesLi

avoided the formation of 1,4-addition by-products, but did not improve the yields or diastereoselectivities
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(entry 12 vs. 11). For that reason, it was not used with 1g. The diastereomeric pairs could not be separated
by chromatographic methods, and have been characterized from the spectroscopic data of the mixture, and
by comparison with the spectroscopic data of related 2,4-disubstituted tetrahydroquinolines previously
described by our group, that bear a phenyl group on C2 (Scheme 1)." Finally, we carried out the reactions
in the presence of (—)-sparteine (4). In agreement with our previous results, the diastereoselectivity was
inverted with respect to TMEDA, obtaining in this case the trans diastereomer as the major product.

Unfortunately, the enantiomeric ratio of these diasteromeric pairs could not be determined by chiral HPLC.

R’ R! R’
| /{ RLi / additive ©\/%\/ /d/
THF _ ,
©j’}' OBn (Table 3) N w,, ~OBN N OBn ©\N OBn
|
Me Me Me Me

1fR'=H (2SR 4RS)-trans 2 (2RS 4RS)-cis 2 3b
1g R' = CONEt, g R" = CONEt,
1h R' = CON(OMe)Me h R' = CON(OMe)Me

Scheme 6

Table 3. Carbolithiation reactions of 1f-h
Entry  Substrate RLi Additive T (°C) t 2,Yield dr’

(%)*  trans/cis

1 1f n-Buli - -78 5 min ¢ -

2 1f t-BuLi - —78 5 min d -

3 1g n-BuLi - ~78 15 min 44¢ 46:54
4 1g n-BuLi - -105 5 min 59¢ 39:61
5 1g t-BuLi - —-105 5 min 57 40:60
6 1g n-BuLi ~ TMEDA -105 5 min I -

7 1g +BuLi  TMEDA -105 5 min 55 27:73
8 1h n-BuLi - -105 5 min 27° 43:57
9 1h t-BuLi - -105 5 min 25¢ 37:63
10 1h n-BuLi  TMEDA —105 5 min 43 44:56
11 1h +BuLi  TMEDA -105 5 min 53 33:67
12 1h MesLi - ~78 10 min 52 31:69
13 1g t-BuLi 4 -95 5min 56 63:37
14 1h t-BuLi 4 95 5 min 23¢ 73:27

*Yield of pure isolated compound. "Calculated by integration of representative 'H-NMR signals. °3b was isolated (89%). “3b was
isolated (91%). ¢ The corresponding 1,4-addition product of the RLi was isolated as by-product (10-35%).”A complex mixture

was obtained. *Toluene was used as solvent.
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In view of these results, we decided to use an enantiomerically pure 2-iodoaniline to perform a
diastereoselective intramolecular carbolithiation. Thus, treatment of 1i with »n-Buli gave the

20 . .
The stereochemical course of these anionic

tetrahydroquinoline 2i, as a single (2R,4S)-cis isomer.
cyclizations is a consequence of a rigid transition state in which the lithium atom is coordinated to the
remote n-bond. Therefore, attack of the arylllithium may take place by the Re face the alkene, as shown in
scheme 7, through a pseudo-chair transition state in which both substituents would have a
pseudo-equatorial disposition. The formation of the 2,4-cis substituted tetrahydroquinoline under these
conditions is in agreement with the results obtained with a benzyloxymethyl substituent at C-2 (see Table 3)
or with a phenyl group."” In this case the complete diastereoselectivity could be attributed to the steric bulk
of the dimethyl-1,3-dioxolanyl substituent. NOESY and COSY experiments confirmed the stereochemistry
of 2i The most significant NOESY results obtained are shown in Scheme 8. In particular, 2D NOESY
experiments showed an enhancement between the protons H-2 and H-4, and between H-4’ and the

methylenic protons of the substituent at C-4. These data are consistent with a cis stereochemistry in the

tetrahydroquinoline system. Thus, the configuration of C-4 was assigned as S.

J/CONEtg _CONEt,
' n-BuLi, THF :

: — -
@;lwoyl ~78°C, 10 min ©\/Nj

| | (\O
Me 0 Me O\<\
i 2i (60%)
Scheme 7

_ -
B Me/N/{
0

(2R, 4S)-2i

Scheme 8
In summary, the 6-exo intramolecular cyclization of aryllithiums obtained by iodine-lithium exchange
reaction on N-alkenyl 2-iodoanilines allows the synthesis of 4-substituted tetrahydroquinolines. However,
the alkene has to be substituted with a stabilizing group for the resulting organolithium to favor the
cyclization. This high reactivity results in a low enantioselection when (—)-sparteine (4) or (+)-sparteine
surrogate (5) are used as chiral ligands. The reaction conditions are not compatible with the presence of an

ester moiety. For this case, the Mizoroki-Heck reaction constitutes an efficient alternative.'* The
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2-benzyloxymethyl derivatives could be obtained, but with low stereoselectivity. Finally, the
carbolithiation of an enantiomerically pure N-alkenyl 2-iodoaniline proceeded with complete

diastereoselectivity, allowing the synthesis of an enantiomerically pure 2,4-substituted tetrahydroquinoline.

EXPERIMENTAL

General experimental methods: IR spectra were obtained in film over NaCl pellets. NMR spectra were
recorded at 20-25 °C, at 300 MHz for 'H and 75.5 MHz for "°C or at 500 MHz for 'H and 125.7 MHz for °C
in CDCls solutions, unless otherwise stated. Assignments of individual BC and 'H resonances are
supported by DEPT experiments and 2D correlation experiments (COSY, HSQCed or HMBC). Mass
spectra were recorded under electron impact (EI) at 70 eV, or under chemical ionization (CI) at 230 eV.
Exact mass was obtained using a TOF detector. TLC was carried out with 0.2 mm thick silica gel plates.
Visualization was accomplished by UV light. Flash column chromatography was performed on silica gel
(230-400 mesh) or on alumina (70-230 mesh). Chiral stationary phase HPLC was performed using
Chiralcel ASH or OD columns (0.46 cm x 25 cm). All solvents used in reactions were anhydrous and
purified according to standard procedures. *' n- and ¢-Butyllithium were titrated with diphenylacetic acid or
N-benzyl benzamide periodically prior to use. All air- or moisture-sensitive reactions were performed under
argon; the glassware was dried (130 °C) and purged with argon.

Starting Materials. Haloanilines 1a-i were prepared by the appropriate reported procedure.'* All other
chemicals used in this study were commercially available.

N-(But-3-en-1-yl)-N-methylaniline (3a). n-BuLi (1.12 mL of a 1.19 M solution in hexanes, 1.34 mmol)
and TMEDA (0.20 mL, 1.34 mmol) were added sequentially to a solution of 1a (170 mg, 0.61 mmol) in dry
THF (10 mL) at —78 °C. The resulting solution was stirred at —78 °C for 16 h. The reaction was quenched by
the addition of sat. aq. NH4Cl solution (10 mL) at —78 °C. The organic layer was separated and the aqueous
phase was extracted with Et;O (10 mL) and CH»Cl, (2 x 10 mL). The combined organic extracts were dried
with Na,SO4 and evaporated under reduced pressure to give deiodinated aniline 3a as an oil (90 mg, 90%):
IR (film) 1631 cm™; "H NMR & 2.30 —2.41 (m, 2H), 2.95 (s, 3H), 2.34 (t, J=7.1 Hz, 2H), 5.00 — 5.18 (m,
2H), 5.76 — 5.94 (m, 1H), 6.66 — 6.76 (m, 3H), 7.19 — 7.30 (m, 2H); C NMR &31.0, 38.3, 52.4, 112.1,
116.0, 116.4, 129.1, 135.9, 149.0.
N,N-Diethyl-2-(1-methyl-1,2,3,4-tetrahydroisoquinolin-4-yl)acetamide (2b) (Table 1, entry 10). To a
solution of mesityl bromide (0.05 mL, 0.33 mmol) in dry THF (20 mL), #BuLi (0.04 mL of a 0.99 M
solution in pentane, 0.67 mmol) was added at —78 °C and the reaction mixture was stirred at —20 °C for 1 h.
The reaction mixture was cooled again to —78 °C, and a solution of the o-iodoaniline 1b (60 mg, 0.17
mmol) in dry THF (10 mL) was added and the reaction mixture was stirred for 10 min. The reaction was

quenched by the addition of sat. aq. NH4Cl1 (10 mL) at —78 °C. The organic layer was separated and the
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aqueous phase was extracted with Et;O (10 mL) and CH,Cl; (2 x 10 mL). The combined organic extracts
were dried with Na,SO4 and concentrated in vacuo. Flash column chromatography (silica gel, 80%
hexane/AcOEt) afforded tetrahydroquinoline 2b as an oil (40 mg, 85%): IR (film) 1631 em™; 'H NMR
0 1.09 (t,J=7.1 Hz, 3H), 1.13 (t,J="7.1 Hz, 3H), 1.86 — 1.90 (m, 1H), 2.07 — 2.12 (m, 1H), 2.50 (dd, J =
15.1, 9.3 Hz, 1H), 2.60 (dd, J = 15.1, 5.3 Hz, 1H), 2.90 (s, 3H), 3.16 — 3.22 (m, 3H), 3.23 — 3.27 (m, 1H),
3.28 —3.36 (m, 1H), 3.43 — 3.49 (m, 2H), 6.56 — 6.64 (m, 2H), 7.00 — 7.13 (m, 2H); °C NMR §13.1, 14.3,
26.8, 33.1, 38.9, 39.9, 40.2, 41.9, 47.5, 110.9, 116.1, 125.6, 128.4, 129.1, 146.1, 170.8; MS (EI) m/z (rel
intensity) 260 (M", 95), 160 (81), 146 (100), 144 (99), 131 (59), 91 (8), 77 (8); HRMS (EI) Calcd for
C16H24N,O [M]: 260.1889. Found: 260.1881.
N-Methoxy-/N-methyl-2-(1-methyl-1,2,3,4-tetrahydroisoquinolin-4-yl)acetamide (2c) (Table 1, entry
15). According to the above procedure, 1¢ (110 mg, 0.28 mmol) was treated with MesLi [0.57 mmol,
prepared from mesityl bromide (0.09 mL, 0.57 mmol) and #-BuLi (1.53 mL of a 0.74 M solution in pentane,
1.13 mmol)] at —78 °C and the reaction mixture was stirred for 10 min. After work up, flash column
chromatography (silica gel, 80% hexane/AcOEt) afforded 2¢ as an oil (50 mg, 71%): IR (film) 1659 cm’™;
'"HNMR & 1.84—1.89 (m, 1H), 2.04 —2.12 (m, 1H), 2.66 — 2.78 (m, 2H), 2.91 (s, 3H), 3.16 — 3.19 (m, 1H),
3.20 (s, 3H), 3.30 (td, J=11.2, 3.7 Hz, 1H), 3.39 — 3.44 (m, 1H), 3.59 (s, 3H), 6.60 — 6.64 (m, 2H), 7.04 —
7.13 (m, 2H); PC NMR §26.7, 32.0, 32.5, 38.9, 39.0, 47.3, 61.1, 110.9, 116.1, 125.4, 127.5, 128.4, 146.1,
173.2; MS (EI) m/z (rel intensity) 248 (M, 17), 158 (9), 144 (100), 118 (6), 91 (4), 77(4); HRMS (EI) Calcd
for C14H20N,0, [M']: 248.1525. Found: 248.1517.

n-BuLi/(-)-sparteine mediated cyclization of 1b. Synthesis of enantioenriched 2b (Table 2, entry 1).
n-BuLi (0.85 mL of a 0.77 M solution in hexane, 0.65 mmol) was added to a solution of (-)-sparteine (0.15
mL, 0.63 mmol) in dry toluene (10 mL) at —90 °C, and the reaction mixture was stirred at this temperature
for 30 min. Then a solution of o-iodoaniline 1b (110 mg, 0.30 mmol) in dry toluene (5 mL) was added
dropwise at this temperature, and the reaction mixture was stirred for 30 min. The reaction was quenched by
the addition of sat. aq. NH4Cl (10 mL) at —90 °C, and allowed to reach rt The organic layer was separated
and the aqueous phase was extracted with Et;O (10 mL) and CH,Cl, (2 x 10 mL). The combined organic
extracts were washed with brine (2 X 10 mL), dried (Na,SO,4) and concentrated in vacuo. Flash column
chromatography (silica gel, 80% hexane/AcOEt) afforded 2b as an oil (38 mg, 49%). The spectroscopic
data were identical to those of the racemic mixture. The enantiomeric excess was determined by HPLC to
be 10%. [Chiralcel OJH, 2% hexane: 2-propanol, 0.8 mL/min, t, = 21.5 min (55%), t= 24.8 min (45%)].
n-BuLi/(-)-sparteine mediated cyclization of 1c. Synthesis of enantioenriched 2c¢ (Table 2, entry 10).
According to the previous procedure, 1¢ (110 mg, 0.28 mmol) was treated with n-BuLi (0.86 mL of a 0.71
M solution in hexane, 0.61 mmol) and (—)-sparteine (0.16 mL, 0.44 mmol) at —95 °C and the reaction
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mixture was stirred for 10 min. After work up, flash column chromatography (silica gel, 80%
hexane/AcOEt) afforded 2¢ as an oil (23 mg, 33%). The spectroscopic data were identical to those of the
racemic mixture. The enantiomeric excess was determined by HPLC to be 28%. [Chiralcel OJH, 2%
hexane: 2-propanol, 0.8 mL/min, t, = 23.6 min (64%), t,= 25.3 min (36%)].
2-Allyl-2-butyl-1-methyl-1H-indole (6). n-BuLi (0.70 mL of a 0.98 M solution in hexanes, 0.68 mmol)
was added to a solution of 1d (96 mg, 0.31 mmol) in dry THF (8 mL) at —78 °C. The resulting solution was
stirred at —78 °C for 30 min. The reaction was quenched by the addition of sat. aq. NH4Cl solution (5 mL) at
—78 °C, and allowed to warm up to rt. Et;O (10 mL) was added and the organic layer was separated. The
aqueous phase was extracted with CH,Cl, (2 x 10 mL). The combined organic extracts were washed with
brine (15 mL), dried (Na,SO4) and concentrated in vacuo. Flash column chromatography (silica gel, 90%
hexane/AcOEt) afforded indole 6 as an oil (14 mg, 20%): IR (film) 992, 913 cm™; '"H NMR §0.93 (t, J =
7.2 Hz,3H), 1.32 — 1.45 (m, 2H), 1.55—1.65 (m, 2H), 2.71 (t,J= 7.4 Hz, 2H), 3.53 (d, /= 5.6 Hz, 2H), 3.64
(s,3H),4.95(dd,J=17.7, 1.1 Hz, 1H), 5.08 (dd, J=10.1, 1.1 Hz, 1H), 5.87 —5.99 (m, 1H), 7.08 (t, /= 7.6
Hz, 1H), 7.17 (t, J= 7.6 Hz, 1H), 7.25 (d, J= 7.8 Hz, 1H), 7.55 (d, J=7.8 Hz, 1H); >C NMR §14.0, 22.8,
24.1,28.8,29.6,33.6,108.6,112.7,116.0, 118.4, 118.5, 120.7, 127.8, 133.5, 135.3, 136.8; MS (EI) m/z (rel
intensity) 227 (M", 6), 184 (50), 85 (98), 83 (100); HRMS (EI) Calcd for C;Hy N [M']: 227.1674. Found:
227.1674. Anal. Calcd for C;sH2N: C, 84.53; H, 9.31; N, 6.16. Found: C, 84.09; H, 9.45; N, 5.70.
N-[(1-Benzyloxy)pent-4-en-2-yl]-N-methylaniline (3b) (Table 3, entry 2). -BuLi (0.81 mL ofa 1.10 M
solution in pentane, 0.89 mmol) was added to a solution of 1f (160 mg, 0.41 mmol) in dry THF (10 mL) at
—78 °C. The resulting solution was stirred at —78 °C for 5 min. The reaction was quenched by the addition of
sat. aq. NH4Cl solution (5 mL) at —78 °C. Et,O (10 mL) was added and the organic layer was separated. The
aqueous phase was extracted with CH,Cl, (2 x 10 mL). The combined organic extracts were washed with
brine (15 mL), dried (Na,SO4) and concentrated in vacuo. Flash column chromatography (silica gel, 90%
hexane/AcOEt) afforded deiodinated aniline 3b as an oil (100 mg, 91%): IR (film) 1638, 1111.1, 747, 694
cm™; "TH NMR 62.41 —2.46 (m, 2H), 2.82 (s, 3H), 3.52 — 3.67 (m, 2H), 4.09 — 4.19 (m, 1H), 4.52 (s, 2H),
5.00 -5.15 (m, 2H), 5.74 - 5.86 (m, 1H), 6.73 (t, J=7.1 Hz, 1H), 6.83 (d, /= 7.9 Hz, 2H), 7.23 — 7.35 (m,
7H);C NMR 631.1, 34.1, 57.9, 70.7, 73.0, 113.0, 116.4, 116.6, 127.4, 127.5, 128.3, 129.0, 135.6, 138.3,
150.6; MS (EI) m/z (rel intensity) 281 (M", 9), 240 (52), 160 (90), 91 (40), 85 (100), 77 (11); HRMS (EI)
Calcd for C19H,3NO [M]: 281.1780. Found: 281.1773. Anal. Calcd for CoH»;NO: C, 81.10; H, 8.24; N,
4.98. Found: C, 81.28; H, 8.38; N, 4.98.

(2SR, 4RS)- and (2RS, 4RS)-2-[2-(Benzyloxymethyl)-1-methyl-1,2,3,4-tetrahydroquinolin-4-yl]-/V,/V-
diethylacetamide (2g) (Table 3, entry 4). n-BuLi (0.44 mL of a 1.10 M solution in hexanes, 0.49 mmol)
was added to a solution of 1g (110 mg, 0.22 mmol) in dry THF (10 mL) at —105 °C. The resulting solution
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was stirred at —105 °C for 5 min. The reaction was quenched by the addition of sat. aq. NH4Cl solution (5
mL) at —105 °C. Et,O (10 mL) was added and the organic layer was separated. The aqueous phase was
extracted with CH,Cl, (2 x 10 mL). The combined organic extracts were washed with brine (15 mL), dried
(NaySO4) and concentrated in vacuo. Flash column chromatography (silica gel, 50% hexane/AcOEt)
afforded tetrahydroquinoline 2g as a 39:61 mixture of (2RS,4RS)-trans and (2SR,4RS)-cis diastereomers
(48 mg, 57%): IR (film) 1637, 1597 cm™; '"HNMR &1.09 — 1.15 (m, 12 H, both diast.), 1.75 — 1.81 (m, 2H,
both diast.), 2.11- 2.16 (m, 1H, minor diast.), 2.23 — 2.29 (m, 1H, major diast.), 2.43 — 2.47 (m, 2H, both
diast.), 2.81 — 2.86 (m, 2H, both diast.), 2.97 (s, 3H, major diast.), 2.99 (s, 3H, minor diast.), 3.21 —3.35 (m,
4H, major diast.), 3.33 — 3.47 (m, 1H major diast., SH, minor diast.), 3.48 — 3.57 (m, 1H major diast., 3H,
minor diast.), 3.61 — 3.66 (m, 2H, major diast.), 4.51 (s, 4H, both diast.), 6.58 (d, J = 8.2 Hz, 1H, minor
diast.), 6.61 — 6.66 (m, 2H major diast., 1H, minor diast.), 7.01 (d, /= 7.4 Hz, 1H, major diast.), 7.03 (d, /=
7.4 Hz, 1H, minor diast.), 7.11 (t, J=7.6 Hz, 2H, both diast.), 7.26 — 7.37 (m, 10H, both diast.); BCNMR &
13.1 (major diast.), 14.4 (minor diast.), 30.4 (minor diast.), 30.9 (minor diast.), 31.9 (major diast.), 32.1
(major diast.), 37.5 (major diast.), 38.2 (minor diast.), 38.3 (minor diast.), 38.4 (major diast.), 40.3 (major
diast.), 41.9 (minor diast.), 57.3 (minor diast.), 58.0 (major diast.), 72.3 (minor diast.), 72.8 (major diast.),
73.1 (major diast.), 73.3 (minor diast.), 111.1 (minor diast), 112.0 (major diast.), 115.8 (minor diast.), 116.3
(major diast.), 125.5 (minor diast.), 125.8 (major diast.), 126.4 (minor diast.), 127.1 (major diast.), 127.2
(both diast.), 127.3 (major diast.), 127.4 (minor diast.), 127.5 (minor diast.), 127.6 (major diast.), 128.3
(both diast.), 138.2 (major diast.), 138.3 (minor diast.), 145.4 (minor diast.), 146.3 (major diast.), 170.93
(minor diast.), 170.99 (major diast.); MS (EI) m/z (rel intensity) 272 (M"— OCH,Ph, 6), 158 (20), 144 (100),
115 (10), 97 (13), 91 (15), 83 (11), 77 (11); HRMS (EI) Caled for C,4H3:N,0, [M']: 380.2464. Found:
380.2471. Anal. Calcd for C4H3,N,0;: C, 75.75; H, 8.48; N, 7.36. Found: C, 75.46; H, 8.62; N, 7.51.

(28R, 4RS)- and (2RS, 4RS)-2-|2-(Benzyloxymethyl)-1-methyl-1,2,3,4-tetrahydroquinolin-4-yl]-/V-
methoxy-N-methylacetamide (2h) (Table 3, entry 11). #BuLi (0.57 mL of a 0.89 M solution in pentane,
0.51 mmol) and TMEDA (0.08 mL, 0.51 mmol) were added sequentially to a solution of 1h (114 mg, 0.23
mmol) in dry THF (10 mL) at —105 °C. The resulting solution was stirred at —105 °C for 5 min. The reaction
was quenched by the addition of sat. aq. NH4Cl solution (10 mL) at —105 °C. Et,O (10 mL) was added and
the organic layer was separated. The aqueous phase was extracted with CH,ClI, (2 X 10 mL). The combined
organic extracts were washed with brine (15 mL), dried (Na,SO,) and concentrated in vacuo. Flash column
chromatography (silica gel, 70% hexane/AcOEt) afforded tetrahydroquinoline 2h as a 33:67 mixture of
(2RS,4RS)-trans and (2SR,4RS)-cis diastereomers (45 mg, 53%): IR (film) 1656, 1599 cm™; '"H NMR &
1.75 - 1.85 (m, 2H, both diast.), 2.10 — 2.18 (m, 1H, major diast.), 2.21 — 2.29 (m, 1H, minor diast.), 2.59 —
2.67 (m, 2H, both diast.), 2.93 — 2.98 (m, 2H, both diast.), 2.98 (s, 3H, minor diast.), 2.99 (s, 3H, major
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diast.), 3.20 (s, 3H, minor diast.), 3.21 (s, 3H, major diast.), 3.32 — 3.41 (m, 2H, both diast.), 3.50 — 3.56 (m,
4H, both diast.), 3.58 — 3.66 (m, 2H, both diast.), 3.61 (s, 3H, minor diast.) 3.62 (s, 3H, major diast.) 4.50 (s,
2H, minor diast.), 4.52 (s, 2H, major diast.), 6.57 — 6.69 (m, 4H, both diast.), 7.02 — 7.14 (m, 4H, both diast.),
7.26 —7.34 (m, 10H, both diast.); *C NMR §29.8 (both diast.), 30.7 (major diast.), 30.8 (minor diast.), 31.1
(both diast.), 37.4 (major diast.), 37.5 (minor diast.), 38.1 (both diast.), 57.1 (major diast.), 58.0 (minor
diast.), 61.1 (major diast.), 61.2 (minor diast.), 72.1 (major diast.), 72.7 (minor diast.), 73.1 (minor diast.),
73.5 (major diast.), 111.2 (major diast.), 112.0 (minor diast.), 115.8 (major diast.), 116.3 (minor diast.),
125.4 (minor diast.), 125.5 (major diast.)125.8 (minor diast.), 126.4 (major diast.), 126.9 (minor diast.),
127.3 (major diast.), 127.4 (minor diast.) 127.5 (both diast.), 127.6 (major diast.), 128.3 (both diast.), 138.2
(major diast.), 138.3 (minor diast.), 145.4 (major diast.), 146.2 (minor diast.), 173.2 (both diast.); MS (EI)
m/z (rel intensity) 368 (M", 12), 247 (86), 229 (13), 217 (60), 158 (61), 145 (100), 130 (34), 128 (11), 97
(12), 91 (78), 77 (10), 71 (17), 57 (23); HRMS (EI) Calcd for C2H,sN,03 [M']: 368.2100. Found:
368.2094.
(-)-2-[(2R,45)-2-[(S)-2,2-Dimethyl-1,3-dioxolan-4-yl]-1-methyl-1,2,3,4-tetrahydroquinolin-4-yl]-N, V-
diethylacetamide (2i). n-BuLi (0.70 mL of a 1.0 M solution in hexanes, 0.69 mmol) was added to a
solution of 1i (150 mg, 0.31 mmol) in dry THF (10 mL) at —78 °C. The resulting solution was stirred at —78
°C for 10 min. The reaction was quenched by the addition of sat. aq. NH4Cl solution (10 mL) at —78 °C. The
organic layer was separated and the aqueous phase was extracted with Et;O (10 mL) and CH,CI, (2 x 10
mL). The combined organic extracts were washed with brine (2 x 10 mL), dried (Na,SO,) and concentrated
in vacuo. Flash column chromatography (silica gel, 80% hexane/AcOEt) afforded 2i as an oil (70 mg,
60%): [ ]o>° —46.3 (¢ 0.5, CH,Cl); IR (film) 1659 cm™; '"H NMR §1.12 — 1.18 (m, 6H), 1.30 (s, 3H), 1.40
(s,3H), 1.83 —1.88 (m, 1H), 2.18 —2.23 (m, 1H), 2.64 (dd, J=15.7, 8.6 Hz, 1H), 2.78 (dd, J=15.7, 5.2 Hz,
1H), 2.99 (s, 3H),3.23 —3.36 (m, 2H), 3.37 - 3.41 (m, 1H), 3.41 — 3.46 (m, 2H), 3.48 —3.52 (m, 1H), 3.76 (t,
J=7.3Hz, 1H), 4.03 —4.11 (m, 2H), 6.62 (d, J= 7.9 Hz, 1H), 6.67 (t,J=7.4 Hz, 1H), 7.05 (d, /= 7.4 Hz,
1H), 7.10 (t, J="7.9 Hz, 1H); "CNMR §13.2, 14.3,25.2, 26.5,30.3, 30.8, 39.5, 39.6, 40.4, 41.9, 60.5, 67.9,
76.9,108.6,113.1,116.9,127.2,127.6,128.1, 145.9, 171.2. Anal. Calcd for C,;H3,N»03: C, 69.97; H, 8.95;
N, 7.77. Found: C, 69.86; H, 8.88; N, 7.57.
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