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Abstract—1-(2-Indolyl)vinylstannane 1b has been transmetallated into both the corresponding HO mixed cyanocuprate and the
Cu-catalysed organomagnesium reagent, and the reactivity of these species towards N-alkyl-3-acylpyridinium salts 8 and 17 has been tested.
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1. Introduction

Vinylstannanes' have become valuable reagents for the
formation of C—C bonds. Although the main synthetic
interest of vinylstannanes lies in their utility in palladium
catalysed coupling (Stille) reactions,” they are also widely
used as precursors of vinyllithiums."> Moreover, vinyl-
stannanes have been directly converted into vinylcopper
species either by ligand exchange with higher order (HO)
cyanocuprates® or by transmetallation with copper(I) salts.’

In connection with our ongoing work in the synthesis of
indole alkaloids, we considered the possibility that a variety
of 2-vinylindole compounds could be prepared from vinyl-
stannanes 1 through reactions of the corresponding 1-(2-
indolyl)vinylcopper derivatives with appropriate acceptors
(Scheme 1). Taking into account that the 2-vinylindole
moiety is present in several indole alkaloids, either attached
at the 4-position (uleine, apparicine)® or at the 2-position
(ngouniensine)™ of the piperidine ring, the use of pyri-
dinium salts as electrophilic partners in the above reactions
particularly attracted our interest. In this context, we have
recently reported that the addition of several organocopper
reagents to 3-acyl-N-alkylpyridinium salts provides a
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flexible route to diversely substituted 1,2- and 1,4-dihydro-
pyridines.”® This paper deals with our results in the
generation of 1-(2-indolyl)vinylcopper derivatives from
vinylstannanes 1 and their participation in addition reactions
to N-alkylpyridinium salts. To our knowledge, there are no
precedents for the generation and use of 1-(indolyl)vinyl-
copper reagents in synthesis.

2. Results and discussion

Among the different procedures reported in the literature’
for the preparation of vinylstannanes, we selected the one
based on the Shapiro reaction’ of 2.4,6-(triisopropyl)-
phenylsulfonylhydrazones (trisylhydrazones) followed by
quenching of the intermediate vinyl anions with Me;SnCl.!°
Thus, the easily available 2-acetylindoles 2a—c were
converted into the corresponding trisylhydrazones 3a—c in
good yields (80-95%) by reaction with trisylhydrazide in
CH;CN (Scheme 2). Satisfactorily, N-methyl and N-unsub-
stituted vinylstannanes 1b and 1c could be easily prepared
in 65 and 77% yield, respectively, by sequential treatment of
3b and 3c with sec-BuLi and Me;SnCl. However, only
complex mixtures were obtained from the indole-protected
trisylhydrazone 3a under the above experimental condi-
tions, this result probably being a consequence of the
competitive lithiation of the phenylsulfonyl substituent on
the benzene ring. In order to have a broad variety of
N-protected vinylstannanes, thus expanding their synthetic
potentiality, the N-unsubstituted vinylstannane lc¢ was
converted (66—70% yield) into the N-oxymethyl derivatives
1d-f by alkylation of the corresponding anion with MOM,
MEM or SEM chloride, respectively. On the other hand,
acylation of 1lc with di-fert-butyl dicarbonate gave the
N-BOC derivative 1g in 80% yield. It is worth mentioning
that all attempts to alkylate or acylate 1¢ with more electro-
philic agents (BnBr, PhSO,Cl, Tf,0) caused the cleavage of
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Scheme 2. Reagents and conditions: (a) Trisylhydrazide, HCI, CH3CN, rt
14 h; (b) sec-BuLi, THF, —78 to 0°C, then Me;SnCl, —78°C to rt, 2 h;
(c) NaH, DMF, MOMC], rt, 1 h; (d) NaH, DMF, MEMC], rt, 1 h; (e) NaH,
DMF, SEMC], 1t, 1 h; (f) (BOC),0, DMAP, CH;CN, rt, 2.5 h.

the C—Sn bond to give 2-vinylindoles 4. No reaction was
observed with Me;SiCl.

(N-Methylindolyl)vinylstannane 1b was chosen to explore
the Sn—Cu transmetallation step that would give an organo-
copper reagent able to undergo addition to N-alkylpyri-
dinium salts. Although we had first considered generating
the monovinylcopper species by direct reaction of 1b with
copper(I) salts under the conditions reported by Piers,” the
known poor capacity of these reagents to act as donors in
intermolecular conjugate additions prompted us to study the
direct conversion into the more reactive HO mixed alkyl
vinyl cyanocuprate. This procedure takes advantage of
ligand migration between HO cuprates and vinylstannanes,
thus avoiding the normally required generation of the
organolithium intermediates.” The transmetallation step
was initially tested with simpler acceptors than pyridinium
salts, such as 2—cyclohexenone11 and the o,3-unsaturated
lactam ester 6'* (Scheme 3). As expected, exposure of 1b
to 1 equiv. of Me,Cu(CN)Li, in THF at rt presumably gave
the mixed HO reagent, which upon addition of the above-
mentioned acceptors selectively effected 1,4-addition of the
vinyl residue to give 5 and 7 in 60 and 55% yields,
respectively.

With this precedent, the HO mixed cyanocuprate derived
from stannane 1b was allowed to react with pyridinium
salts 8, which differ in the electron-withdrawing group (Y)
at the (-position (Scheme 4, conditions a). As can be
observed in Table 1 (entry 1), the transfer of the vinyl
group took place mainly at the a-position (C-6) of 3-(meth-
oxycarbonyl)pyridinium iodide 8a. When the mixture of the
initially formed - and y-adducts (9a and 10a, respectively,
not isolated) was treated with acid to promote cyclisation
upon the indole ring, a 6:1 mixture of tetracycles 11a and
12a was obtained in 45% overall yield. When the same
protocol was applied to 3-acetylpyridinium salt 8b, tetra-
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Scheme 3. Reagents and conditions: (a) Me,Cu(CN)Li,, THF, rt, 1.5 h,
then 2-cyclohexenone or 6, —78°C to rt, 1 h.

cycle 11b, coming from the initially formed a-adduct 9b,
was isolated as the unique reaction product in 35% yield
(entry 2).

The tendency of this type of vinylcopper reagent to undergo
addition at the a-position of the pyridine ring was not
completely unexpected since it had previously been
observed with the ‘simplest’ vinyl derivative,
(CH,—CH)MeCu(CN)Li,.” Furthermore, the structurally
related HO mixed cyanocuprate derived from (phenyl-
vinyl)stannane 13 reacted with pyridinium salt 8a to give,
after acylation of the crude mixture of dihydropyridines
with trichloroacetic anhydride, a 4:1 mixture of 1,2-
dihydropyridine 14a and 1,4-dihydropyridine 15a in 90%
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Scheme 4. Reagents and conditions: (a) Me,Cu(CN)Li,, THF, rt, 1.5h,
then 8, —30°C, 1h; (b) MeLi, THF, —78°C, 15 min, MgBr,-Et,0,
20 min, Cul, then 8, —78°C to rt, 2 h; (¢) TsOH-CgHg, THF, 1t, 2 h.
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Table 1. Reactions of vinylcopper reagents derived from vinylstannanes 1b and 13 with pyridinium salts 8

Entry Stannane Generation of Pyridinium Products® (ratio) Yield (%)
vinylcopper® salt
1 1b a 8a 11a, 12a, (6:1) 45
2 1b a 8b 11b 35
3 1b b 8a 11a, 12a, (6:5) 60
4 1b b 8b 12b 40
5 13 a 8a 14a, 15a, (4:1) 90
6 13 a 8b 15b 30

* (a): Me;Cu(CN)Liy; (b): MeLi, MgBr,-Et,O, Cul.

b After TsOH (from 1b) or (CC1;C0),0 (from 13) treatment of the initially formed dihydropyridines.

yield (Scheme 5 and Table 1, entry 5). However, when the
same addition—acylation sequence was effected from
3-acetylpyridinium salt 8b, only the corresponding 1,4-
dihydropyridine 15b was isolated, although in lower yield
(30%, entry 6). This result might simply reflect the
instability of the initially formed a-adduct under the acyla-
tion conditions rather than a change in the regioselectivity of
the addition step. For practical reasons, 15b was charac-
terised as the bis(methoxycarbonyl)dihydropyridine 16b
after haloform reaction with MeONa in MeOH (see Section
4).

Interestingly, the a-regioselectivity in the indole series
could be partially or totally reversed when pyridinium
salts 8a or 8b were treated with the Cu-catalysed organo-
magnesium reagent derived from 1b (Scheme 4, conditions
b). Thus, the sequentlal treatment of vinylstannane 1b with
MeLi and MgBr,-Et,0, 325 and then with 8a afforded a 6:5
mixture of tetracycles 11a and 12a in 60% yield after the
acid-induced cyclisation step (Table 1, entry 3). On the
other hand, tetracycle 12b, coming from the y-adduct 10b,
was isolated as the only product in 40% yield starting from
3-acetylpyridinium salt 8b (entry 4). In these cases, the
transfer of the vinyl group to the 4-position could be
favoured by the initial coordination of the magnesium
atom to the carbonyl oxygen of pyridinium salts 8 (8b in
Scheme 6). The transfer of the vinyl group to the 2-position
of the ring, also favoured for the same reasons, would
probably be sterically hindered.

a,b

15 R3=CCly
o[ 16 R3=0OMe
Scheme 5. Reagents and conditions: (a) Me,Cu(CN)Li,, THF, rt, 1.5h,
then 8, —30°C, 1 h; (b) (CC1;CO),0, THF, 0°C, 2 h; (c) MeONa, MeOH,
rt, 1 min.

The structure of tetracycles 11 and 12 was unambiguously
established by comparison of their NMR data with those
correspondlng to similar tetracycles lacking the vinyl
group.'® Thus, both regioisomers could be easily differen-
tiated by the chemical shift values of protons and carbons at
the bridgehead positions. The above addition—acid cyclisa-
tion sequence to give tetracycle 12b represents a synthetic
entry to the 1,5-methanoazocino[4,3-b]indole framework
characteristic of the 2-vinylindole alkaloid uleine. In this
synthetic context, when the above reaction sequence was
extended to the 3,5-disubstituted pyridinium salt 17,'* the
unstable tetracyclic enamine 19, coming from 1,4-dihydro-
pyridine 18, was obtained as the major product in 30% yield
(Scheme 7). The regioselectivity of the overall process
deserves comment since it again involves the addition at
the v-position of the pyridine ring, followed by the
cyclisation of the dihydropyridinium ion resulting from
protonation of the vinylogous amide moiety.
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Scheme 7. Reagents and conditions: (a) MeLi, THF, —78°C, 15 min,
MgBr,-Et;,0, 20 min, Cul, then 17, —78°C to rt, 2 h; (b) TsOH-C¢Hg,
THF, rt, 3 h.
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3. Conclusion

In summary, a series of 1-(2-indolyl)vinylstannanes 1,
diversely substituted at the indole nitrogen, has been
efficiently prepared. From vinylstannane 1b, two different
1-(2-indolyl)vinylcopper reagents have been generated for
the first time, and their role in the addition-dihydropyridine
cyclisation reaction sequence with N-alkylpyridinium
salts 8 and 17 has been studied. Application of this protocol
to the synthesis of 2-vinylindole alkaloids starting from
N-protected indole derivatives 1d—-f is under active
investigation.

4. Experimental
4.1. General methods

All nonaqueous reactions were performed under an argon
atmosphere. All solvents were dried by standard methods.
Reaction courses and product mixture were routinely moni-
tored by TLC on silica gel (pre-coated F,s4 Merck plates).
Drying of organic extracts during the workup of reactions
was performed over anhydrous Na,SO,. Evaporation of the
solvents was accomplished under reduced pressure with a
rotatory evaporator. Column and flash chromatography
were carried out on neutral Al,O; (Scharlau, Al835) and
SiO, (silica gel 60, SDS, 0.04-0.06 mm), respectively.
Melting points are uncorrected. 'H and ?C NMR spectra
were recorded in CDCl; solution at 300 and 75.4 MHz,
respectively, using TMS as an internal reference. Micro-
analyses and HRMS were performed by Centro de
Investigacion y Desarrollo (CSIC), Barcelona.

4.2. General procedure for the preparation of
trisylhydrazones 3

A mixture of the appropriate acetylindole 2" (3 mmol),
trisylhydrazide (3.1 mmol), and concentrated HCI
(0.3mL) in CH3;CN (3 mL) was stirred at rt overnight.
The reaction mixture was cooled at 4°C for 2 h, and the
precipitate was filtered to give pure 3 as a white solid.

4.2.1. 2-Acetyl-1-(phenylsulfonyl)indole trisylhydrazone
(3a). Yield: 90%; mp 202-203°C; '"HNMR 6 1.23 and 1.25
(2 d, J=6.9 Hz, 18H), 2.29 (s, 3H), 2.90 (m, 1H), 4.25 (m,
2H), 6.40 (s, 1H), 6.95 (m, 2H), 7.20-7.40 (m, 6H), 7.22 (s,
2H), 7.95 (s, 1H), 8.05 (d, /=8 Hz, 1H); °C NMR § 18.6
(CHj3), 23.6 (CH3), 24.7 (CH3), 30.0 (CH), 34.3 (CH), 114.8
(CH), 115.9 (CH), 121.5 (CH), 123.8 (CH), 124.6 (CH),
125.7 (CH), 127.0 (CH), 128.5 (CH), 130.2 (C), 131.0
(C), 133.2 (CH), 135.6 (C), 137.5 (C), 139.1 (C), 147.5
(C), 151.8 (C), 153.4 (C). Anal. Calcd for C3;H37N30,4S,:
C, 64.22; H, 6.43; N, 7.25. Found: C, 64.08; H, 6.68; N, 7.29.

4.2.2. 2-Acetyl-1-methylindole trisylhydrazone (3b).
Yield: 80%; mp 154°C; '"H NMR & 1.24 (d, J=6.6 Hz,
6H), 1.28 (d, J=6.6 Hz, 12H), 2.25 (s, 3H), 2.90 (h,
J=6.6 Hz, 1H), 3.61 (s, 3H), 4.25 (h, J=6.6 Hz, 2H), 6.75
(s, 1H), 7.10 (m, 1H), 7.19 (s, 2H), 7.25 (m, 2H), 7.55 (d,
J=8 Hz, 1H), 7.95 (s, 1H); *C NMR & 14.8 (CH3), 23.5
(CHj3), 24.7 (CH3), 29.8 (CH), 32.4 (CH3), 34.2 (CH), 105.6
(CH), 109.7 (CH), 119.9 (CH), 121.0 (CH), 123.5 (CH),

123.8 (CH), 126.5 (C), 1309 (C), 135.7 (C), 139.5 (C),
1456 (C), 151.0 (2 C), 153.6 (C). Anal. Calcd for
CocH3sN30,S: C, 68.84; H, 7.78; N, 9.26. Found: C,
68.76; H, 7.80; N, 9.24.

4.2.3. 2-Acetylindole trisylhydrazone (3c). Yield: 95%;
mp 157°C; '"H NMR & 1.25 (d, J/=6.9 Hz, 6H), 1.31 (d,
J=6.9 Hz, 12H), 2.37 (s, 3H), 2.90 (h, J=6.9 Hz, 1H),
4.18 (h, J=6.9 Hz, 2H), 6.95 (s, 1H), 7.10 (m, 1H), 7.19
(s, 2H), 7.28 (m, 2H), 7.60 (d, J=8 Hz, 1H), 7.90 (br, 1H),
9.80 (br s, 1H). Anal. Calcd for C,5H33N50,S-1.5H,0: C,
64.35; H, 7.77; N, 9.00. Found: C, 64.17; H, 7.36; N, 8.92.

4.3. General procedure for the preparation of
vinylstannanes 1b,c

To a cooled (—78°C) solution of trisylhydrazone 3
(0.45 mmol) in anhydrous THF (1 mL) was added dropwise
a 1.3 M solution of sec-BuLi in THF (1.35 mmol for 3b and
1.8 mmol for 3c). After 30 min at —78°C, the resulting
orange solution was slowly warmed to —20 to 0°C, during
which time it turned dark brown. When the nitrogen evolu-
tion ceased, the reaction mixture was cooled again at —78°C
followed by the dropwise addition of a 1 M solution of
Me;SnCl in THF (1.35 mmol for 3b and 0.9 mmol for 3c).
After being allowed to warm to rt for 2 h, the reaction
mixture was partitioned with H,O and Et,0, and extracted
with Et,0. The organic extracts were dried and concentrated
to give crude 1b,c. Column chromatography (Al,O3) gave
pure 1b,c as colorless oils. Owing to stability problems it
was not possible to obtain microanalytically pure samples of
1.

4.3.1. 1-Methyl-2-[1-(trimethylstannyl)vinyl]indole (1b).
Elution with hexanes; 65%; 'H NMR & 0.23 (s, 9H), 3.66 (s,
3H), 5.74 (d, J=2.7 Hz, 1H), 6.04 (d, J=2.7 Hz, 1H), 6.21
(d, J=0.6 Hz, 1H), 7.07 (m, 1H), 7.17 (m, 1H), 7.26 (m,
1H), 7.54 (dm, 1H, J=7.5 Hz); *C NMR & —8.63 (CH,),
30.8 (CH3), 99.7 (CH), 109.2 (CH), 119.5 (CH), 120.0 (CH),
121.0 (CH), 130.5 (CH,), 128.5 (C), 138.2 (C), 144.8 (C).

4.3.2. 2-[1-(Trimethylstannyl)vinyl]indole (1c). Elution
with 9:1 hexanes—AcOEt; 77%; 'H NMR § 0.32 (s, 9H),
5.43 (d, J=1.2 Hz, 1H), 6.11 (d, J=1.2 Hz, 1H), 6.36 (dd,
J=0.9, 1.2 Hz, 1H), 7.06 (m, 1H), 7.14 (m, 1H), 7.31 (dd,
J=8.1,0.9 Hz, 1H), 7.55 (dd, J=8.1, 1.2 Hz, 1H), 8.15 (brs,
1H).

4.4. N-Protected stannanes 1d-f

A solution of stannane 1c (1.5 mmol) in DMF (5 mL) was
added dropwise to a suspension of NaH (55%, 1.65 mmol)
in anhydrous THF (0.5 mL), and the resulting mixture was
stirred at rt for 1h. MOM, MEM or SEM chloride
(1.65 mmol) was slowly added at 0°C, and the resulting
solution was stirred at rt for 1 h. The reaction mixture was
poured into H,O—ice and extracted with Et,O. The organic
extracts were washed with H,O (2X5 mL), dried, and
concentrated to give crude 1d—f. Column chromatography
(Al,O3) gave pure 1d—f as colorless oils.

4.4.1. 1-(Methoxymethyl)-2-[1-(trimethylstannyl)vinyl]-
indole (1d). Elution with 98:2 hexanes—AcOEt; 70%; 'H
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NMR & 0.22 (s, 9H), 3.34 (s, 3H), 5.40 (s, 2H), 5.75 (d,
J=2.8 Hz, 1H), 6.16 (d, J=2.8 Hz, 1H), 6.26 (s, 1H), 7.08—
7.23 (m, 2H), 7.42 (d, J=8.1 Hz, 1H), 7.42 (d, J=8.4 Hz,
1H).

4.4.2. 1-[(2-Methoxyethoxy)methyl]-2-[1-(trimethyl-
stannyl)vinyl]indole (1e). Elution with hexanes; 70%; 'H
NMR 6 0.22 (s, 9H), 3.34 (s, 3H), 3.40 (m, 4H), 5.54 (s, 2H),
5.77 (d, J=2.4 Hz, 1H), 6.18 (d, /=2.4 Hz, 1H), 6.24 (s,
1H), 7.05-7.30 (m, 2H), 7.46 (dm, J=8 Hz, 1H), 7.55
(dm, J=8 Hz, 1H).

4.4.3. 1-{[(2-Trimethylsily)ethoxy]methyl}-2-[1-(tri-
methylstannyl)vinyllindole (1f). Elution with hexanes;
66%; 'H NMR & 0.05 (s, 9H), 0.23 (s, 9H), 0.90 (t,
J=8 Hz, 2H), 3.35 (t, J=8 Hz, 2H), 5.50 (s, 2H), 5.82 (d,
J=2.8 Hz, 1H), 6.25 (d, J=2.8 Hz, 1H), 6.31 (s, 1H), 7.20—
7.35 (m, 2H), 7.50 (dm, J=8 Hz, 1H), 7.60 (dm, J=8 Hz,
1H).

4.4.4. 1-(tert-Butoxycarbonyl)-2-[1-(trimethylstannyl)-
vinyl]indole (1g). To a solution of stannane lc (0.5 g,
1.6 mmol) in CH3CN (6 mL) was added DMAP (20 mg,
0.16 mmol) and di-fert-butyl dicarbonate (0.44 g,
1.9 mmol), and the mixture was stirred at rt for 2.5 h. The
mixture was partitioned between H,O and Et,0O and
extracted with Et,O. The organic extracts were dried and
concentrated to give crude 1g. Column chromatography
(AL,O;, hexanes) gave pure 1g (0.53g, 80%) as a
colorless oil: 'H NMR & 0.16 (s, 9H), 1.67 (s, 9H), 5.40
(d, /=3 Hz, 1H), 5.98 (d, /=3 Hz, 1H), 6.28 (s, 1H), 7.18-
7.27 (m, 2H), 7.47 (dm, J=8.1Hz, 1H), 7.94 (dm,
J=7.8 Hz, 1H); >*C NMR & 28.4 (CHj), 84.1 (C), 105.3
(CH), 115.5 (CH), 120.0 (CH), 122.7 (CH), 123.1 (CH),
125.3 (CH,), 129.9 (C), 135.8 (C), 147.3, 149.5 (C), 150.8
©).

4.4.5. Transmetallation between vinylstannane 1b and
Me,Cu(CN)Li, followed by reaction with 2-cyclo-
hexenone and 6. CuCN (25 mg, 0.27 mmol) in anhydrous
THF (0.3 mL) was treated with 1.6 M solution of MeLi in
Et,0 (0.37 mL, 0.59 mmol) at 0°C for 10 min. The cooling
bath was removed, and vinylstannane 1b (0.1 g, 0.3 mmol)
in THF (0.2 mL) was added. After 1.5 h at rt the dark red
mixture was cooled to —78°C, and 2-cyclohexenone or 6'°
(0.2 mmol) in THF (0.1 mL) was added rapidly. The result-
ing pale yellow mixture was allowed to warm to rt for 1 h.
The reaction was quenched with H,O and extracted with
AcOEt. Solvent removal followed by flash chromatography
of the residue (SiO,, hexanes—AcOEt) gave vinylindoles 5
and 7 as amorphous solids.

4.4.6. 3-[1-(1-Methyl-2-indolyl)vinyl]cyclohexanone (5).
Elution with 85:15 hexanes—AcOEt; 60%; '"H NMR §
1.65 (m, 2H), 2.04 (m, 2H), 2.38 (m, 3H), 2.58 (m, 1H),
2.85 (m, 1H), 3.67 (s, 3H), 5.21 (s, 1H), 5.43 (s, 1H), 6.37 (d,
J=0.9 Hz, 1H), 7.10 (m, 1H), 7.22 (m, 1H), 7.31 (dd, J=7.8,
0.9 Hz, 1H), 7.59 (dm, J=8 Hz, 1H); BC NMR & 24.9
(CH,), 30.5 (CH,), 30.8 (CH3), 41.2 (CH,), 45.0 (CH),
46.5 (CH,), 100.9 (CH), 109.5 (CH), 116.7 (CH,), 119.8
(CH), 120.4 (CH), 121.7 (CH), 127.5 (C), 137.8, 140.2
(C), 1435 (C), 210.8 (C); HRMS calcd for C;7H;oNO
253.1460, found 253.1466.

4.4.7. trans-3-(Benzyloxycarbonyl)-4-[1-(1-methyl-2-
indolyl)vinyl]-1-(methoxycarbonyl)-2-piperidone (7).
Elution with 7:3 hexanes—AcOEt; 55%; 'H NMR (assign-
ment aided by '"H-'"H COSY and HMQC) & 1.76 (m, 1H,
5-H), 2.14 (m, 1H, 5-H), 3.38 (td, /=10.8, 10.5, 6.3 Hz, 1H,
4-H), 3.59 (s, 3H, NMe), 3.63 (m, 1H, 6-H), 3.76 (d,
J=10.8 Hz, 1H, 3-H), 3.85 (m, 1H, 6-H), 3.86 (s, 3H,
OMe), 5.07 and 5.15 (2d, /=12 Hz, OCH,, 2H), 5.22 (s,
1H, =CH,), 5.44 (s, 1H, =CH,), 6.41 (s, 1H, indole
3-H), 7.12 (m, 1H, indole), 7.27 (m, 7H, Ar), 7.56 (d,
J=7.8 Hz, 1H, indole 4-H); 3C NMR (assignment aided
by HMQC) & 27.6 (C-5), 30.8 (NMe), 42.6 (C-4), 45.2
(C-6), 54.2 (OMe), 56.3 (C-3), 67.5 (CH,Ph), 101.9 (indole
C-3), 109.6 (indole C-7), 118.2 (—=CH,), 119.9 (indole C-4),
120.6 (indole C-5), 122.1 (indole C-6), 127.4 (indole C-3a),
128.3 (5C, complex signal, Ph), 135.2 (C, Ph), 138.1, 138.7
(2C, C-2 and C-7a), 140.6 (C=), 154.5, 166.9, 168.6 (3C,
CO); HRMS calcd for CyHysN,Os 446.1849, found
446.1841.

4.4.8. Transmetallation between vinylstannane 1b and
Me,Cu(CN)Li, followed by reaction with pyridinium
salt 8a. Vinylstannane 1b (0.25 g, 0.8 mmol) was trans-
metallated according to the above experimental procedure.
Pyridinium salt 8a (112 mg, 0.4 mmol) was added rapidly
upon the dark red reaction mixture at —78°C, followed by
addition of anhydrous THF (5 mL). The mixture was
allowed to rise to —30°C, stirred at this temperature for
1 h, quenched with H,O, and extracted with Et,O. After
solvent removal, the resulting residue was dissolved in
anhydrous THF (10 mL), treated at —20°C with enough of
a saturated C¢Hg solution of TsOH to bring the pH to 3.5-4.
The resulting mixture was allowed to rise to rt, stirred for
2 h, poured into saturated aqueous Na,CO;, and extracted
with Et,O. Concentration of the extracts followed by
column chromatography (Al,O3;, 9:1 hexanes—AcOEt)
gave a 6:1 mixture of tetracycles 11a and 12a (56 mg,
45%). An additional column chromatography (Al,O3, 9:1
hexanes—AcOEt) gave pure methyl 3,11-dimethyl-1-methyl-
ene-1,2,3,6-tetrahydro-2,6-methanoazocino[4,5-b Jindole-
5-carboxylate (11a): 'HNMR 6 1.91 (dm, J=12.3 Hz, 1H),
2.18 (dm, J=12.3 Hz, 1H), 3.03 (s, 3H), 3.67 (s, 3H), 3.80
(br s, 1H), 3.87 (s, 3H), 4.38 (br s, 1H), 5.02 and 5.51 (2 s,
2H), 7.15 (m, 1H), 7.23 (m, 3H), 8.01 (d, /=8.1 Hz, 1H);
3C NMR 6 23.8 (CH), 29.3 (CH,), 32.5 (CH3), 40.9 (CHs),
50.4 (CH3), 61.6 (CH), 100.0 (C), 107.7 (CH,), 108.5 (CH),
119.3 (CH), 121.0 (CH), 121.5 (C), 123.0 (CH), 124.5 (C),
130.4 (C), 136.7, 139.2 (C), 143.9 (CH), 167.3 (C); HRMS
caled for C9H,0N,O, 308.1524, found 308.1519. Anal.
Calcd for CgH,oN,0,.3/4H,0: C, 70.90; H, 6.73; N, 8.70.
Found: C, 70.60; H, 6.43; N, 8.45.

4.4.9. 5-Acetyl-3-benzyl-11-methyl-1-methylene-1,2,3,6-
tetrahydro-2,6-methanoazocino[4,5-bJindole (11b).
Operating as above, from vinylstannane 1b (0.25 g,
0.8 mmol) and pyridinium salt 8b (0.1 g, 0.4 mmol), tetra-
cycle 11b (51 mg, 35%) was obtained after column chro-
matography (Al,O;, 75:25 hexanes—AcOEt): '"H NMR 6
1.81 (dm, J=I12Hz, 1H), 2.09 (s, 3H), 2.20 (dm,
J=12Hz, 1H), 3.84 (s, 3H), 3.89 (br s, 1H), 4.42 (d,
J=15.6 Hz, 1H), 4, 54 (d, J=15.6 Hz, 1H), 4.69 (br s,
1H), 4.94 and 5.45 (2 s, 2H), 7.10 (m, 1H), 7.21-7.45 (m,
8H), 8.10 (d, /=8 Hz, 1H); '*C NMR & 22.4 (CH,), 23.6
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(CH), 29.3 (CH,), 32.3 (CH3), 56.9 (CH,), 58.9 (CH), 107.9
(CH,), 108.3 (CH), 115.0 (C), 119.5 (CH), 121.6 (CH, C),
1232 (CH), 124.7 (C), 127.1, 127.9, 129.0 (CH), 130.3 (C),
136.7, 137.1, 139.2 (C), 145.7 (CH), 190.7 (C); HRMS
caled for CosH,,N,O 368.1888, found 368.1872.

4.4.10. Copper(I)-catalysed reaction of Grignard reagent
derived from 1b with pyridinium salt 8a. Vinylstannane
1b (114 mg, 0.36 mmol) in anhydrous THF (1 mL) was
treated with a 1.6 M solution of MeLi in Et,O (0.27 mL,
0.43 mmol) at —78°C for 15 min. To the resulting yellow
solution solid MgBr,-Et,0 (93 mg, 0.36 mmol) was added
at —78°C and, after 20 min, solid Cul (20 mg). After
10 min, pyridinium salt 8a (0.3 mmol) was added upon
the colorless mixture, followed by addition of anhydrous
THF (3 mL). The mixture was allowed to rise to rt (2 h),
quenched with H,O and extracted with Et,O. After solvent
removal, the resulting residue was dissolved in anhydrous
THF (10 mL), and treated as above with TsOH—-C¢Hg. After
workup, the resulting residue was chromatographed
(Al,05). On elution with 9:1 hexanes—AcOEt, methyl 2,7-
dimethyl-6-methylene-1,2,5,6-tetrahydro-1,5-methanoazo-
cino[4,3-bJindole-4-carboxylate (12a) was obtained: 25 mg
(27%); '"H NMR & 1.95 (dt, J=12.3, 3.3 Hz, 1H), 2.16 (dt,
J=12.3, 24 Hz, 1H), 3.15 (s, 3H), 3.66 (s, 3H), 3.66
(masked, 1H), 3.88 (s, 3H), 4.55 (br s, 1H), 5.37 and 5.43
(2's, 2H), 7.05-7.35 (m, 3H), 7.62 (d, J=8.1 Hz, 1H); *C
NMR 6 29.9 (CH,), 32.5 (CH3), 36.2 (CH), 42.3 (CH3), 49.4
(CH), 50.4 (CH3), 97.8 (C), 108.3 (CH,), 109.2 (CH), 112.9
(C), 118.4 (CH), 119.7 (CH), 122.4 (CH), 125.2 (C), 135.1
(C), 138.8 (C), 141.2 (C), 144.3 (CH), 167.8 (C); HRMS
calcd for C;9H,(N,O, 308.1524, found 308.1518. On elution
with 85:15 hexanes—AcOEt, tetracycle 11a was obtained:
31 mg (33%).

4.4.11. 4-Acetyl-2-benzyl-7-methyl-6-methylene-1,2,5,6-
tetrahydro-1,5-methanoazocino[4,3-b]indole (12b).
Operating as above, from vinylstannane 1b (114 mg,
0.36 mmol) and pyridinium salt 8b (75 mg, 0.3 mmol) tetra-
cycle 12b (45 mg, 40%) was obtained after column chro-
matography (Al,Os;, 65:35 hexanes—AcOEt): 'H NMR &
1.85 (dt, J/=12, 3 Hz, 1H), 2.13 (s, 3H), 2.14 (dt, J=12,
2.7Hz, 1H), 3.88 (s, 3H), 3.95 (br s, 1H), 442 (d,
J=15.3 Hz, 1H), 4.62 (br s, 1H), 4.72 (d, J=15.3 Hz, 1H),
541 and 5.55 (2s, 2H), 7.15 (m, 1H), 7.26—7.50 (m, 7H),
7.58 (d, J=8.1 Hz, 1H); C NMR & 24.2 (CH3), 29.5 (CH,),
32.5 (CH3), 34.9 (CH), 46.9 (CH), 58.9 (CH,), 109.1 (CH,),
109.2 (CH), 111.6 (C), 112.6 (C), 118.0 (CH), 119.8 (CH),
122.4 (CH), 124.9 (C), 127.3, 128.9, 127.9 (CH), 135.3 (C),
136.5 (C), 138.7 (C), 140.2 (C), 145.7 (CH), 191.9 (C);
HRMS calcd for C,sH,4N,0 368.1888, found 368.1876.

4.4.12. Methyl 4-ethyl-2,7-dimethyl-6-methylene-1,2,5,6-
tetrahydro-1,5-methanoazocino[4,3-bJindole-12-carboxyl-
ate (19). Operating as above, from vinylstannane 1b
(187 mg, 0.47 mmol) and pyridinium salt 17'7 (120 mg,
0.39 mmol) tetracycle 19 (38 mg, 30%, unstable) was
obtained after column chromatography (Al,O3, 7:3
hexanes—AcOEt): '"H NMR § 1.03 (t, J=6.6 Hz, 3H), 2.01
(qd, J=6.6, 1.2 Hz, 2H), 2.72 (s, 3H), 3.09 (t, J=2.7 Hz,
1H), 3.26 (dd, J=2.4, 1.2 Hz, 1H), 3.52 (s, 3H), 3.87 (s,
3H), 4.84 (br s, 1H), 5.09 (s, 1H), 5.41 (d, J=1.2 Hz, 1H),
5.44 (s, 1H), 7.05-7.25 (m, 3H), 7.67 (dm, J=8 Hz, 1H);

3C NMR 6 13.0 (CH3), 25.1 (CH,), 32.6 (CH3), 41.7 (CH,),
42.9 (CH), 45.6 (CH), 50.6 (CH), 51.7 (CH5), 107.7 (CH,),
108.9 (CH), 109.2 (C), 112.7 (C), 119.5 (CH), 119.6 (CH),
122.4 (CH), 126.5 (C), 135.1 (C), 138.4 (C), 139.0 (C),
172.0 (C).

4.4.13. Transmetallation between vinylstannane 13 and
Me,Cu(CN)Li, followed by reaction with pyridinium
salt 8a. Vinylstannane 13'® (0.38 g, 1.43 mmol) and
Me,Cu(CN)Li, (1.43 mmol) in anhydrous THF (1.5 mL)
were transmetallated according to the procedure described
for 1b. Pyridinium salt 8a (0.2 g, 0.71 mmol) was added
upon the reaction mixture at —30°C followed by addition
of anhydrous THF (15 mL). The mixture was stirred at
—30°C for 1.5 h, quenched with H,O and extracted with
Et,0. After solvent removal, the resulting residue was
dissolved in THF (15 mL), and treated with trichloroacetic
anhydride at 0°C for 2 h. The reaction mixture was poured
into aqueous Na,COs;, and extracted with Et,O. Concentra-
tion of the extracts followed by flash chromatography (SiO,,
85:15 hexanes—AcOEt) gave a 4:1 mixture of dihydro-
pyridines 14a and 15a (0.26 g, 90%). An additional chro-
matography (SiO,, 85:15 hexanes—AcOEt) gave pure I-
methyl-5-(methoxycarbonyl)-2-(1-phenylvinyl)-3-(trichloro-
acetyl)-1,2-dihydropyridine (14a): 160°C (Et,O-acetone);
'H NMR 6 3.01 (s, 3H), 3.76 (s, 3H), 5.40 (s, 1H), 5.40
and 5.58 (2s, 2H), 7.20-7.50 (m, 5H), 7.58 (s, 1H), 8.40 (s,
1H); 3C NMR & 44.2 (CH3), 51.8 (CH;), 62.2 (CH), 95.4
(©), 96.9 (C), 107.9 (C), 118.6 (CH,), 127.0 (CH), 127.4
(CH), 128.4 (CH), 139.0 (CH), 140.2 (C), 146.2 (C), 151.7
(CH), 166.8 (C), 178.3 (C). Anal. Calcd for C;gH;¢CI3NOs:
C, 53.96; H, 4.02; N, 3.50. Found: C, 53.98; H, 4.02; N, 3.50.

4.4.14. 3-Acetyl-1-benzyl-5-(methoxycarbonyl)-4-(1-
phenylvinyl)-1,4-dihydropyridine (16b). Operating as
above, from vinylstannane 13 (0.43 g, 1.6 mmol), and pyri-
dinium salt 8b (0.2 g, 0.8 mmol) crude dihydropyridine 15b
(145 mg, 30%) was obtained after flash chromatography
(SiO,, 9:1 hexanes—AcOEt). Dihydropyridine 15b was
allowed to react with MeONa (0.8 mmol) in MeOH
(15 mL) at rt for 1 min. The solvent was removed and the
resulting residue was partitioned between H,O and Et,O,
and extracted with Et,O. After concentration of the ethereal
extracts, the resuting residue was chromatographed (flash,
Si0,, 8:2 hexanes—AcOEt) to give dihydropyridine 16b:
107 mg (90%); "H NMR & 2.15 (s, 3H), 3.49 (s, 3H), 4.52
(s, 2H), 4.92 (s, 1H), 5.07 and 5.19 (2s, 2H), 7.08 (s, 1H),
7.10-7.40 (m, 11H); °C NMR & 25.3 (CHj3), 36.9 (CH),
51.1 (CH3), 58.3 (CH,), 109.6 (C), 115.8 (CH,), 118.3 (C),
127.0-129.1 (complex), 137.6 (CH), 138.9 (CH), 154.6 (C),
167.4(C), 195.1 (C); HRMS caled for Cp4H»;NO5 377.1677,
found 377.1673.

Acknowledgements

Financial support from the ‘Ministerio de Ciencia y Tecno-
logia’ (Spain, project BQU2000-0785) is gratefully
acknowledged. We also thank the ‘Comissionat per a
Universitats i Recerca’ (Generalitat de Catalunya) for
Grant 200ISGR00084 and for fellowships to C. J. and
M. M. We thank Professor Alfredo Ricci (University of
Bologna, Italy) for helpful discussions.



M.-L. Bennasar et al. / Tetrahedron 57 (2001) 10125-10131

References

. Davies, A. G. Organotin Chemistry;, VCH: Weinheim, 1997.
. (a) Mitchell, T. N. Synthesis 1992, 803—815. (b) Farina, V.;
Krishnamurthy, V.; Scott, W. J. Org. React. 1997, 50, 1-652.
. See, inter alia: (a) Piers, E.; Anissa Yeung, B. W_; Rettig, S. J.
Tetrahedron 1987, 43, 5521-5535. (b) Piers, E.; Karunaratne,
V. Tetrahedron 1989, 45, 1089-1104. (c) Barbero, A.;
Cuadrado, P.; Gonzalez, A. M.; Pulido, F. J.; Rubio, R;
Fleming, 1. Tetrahedron Lett. 1992, 33, 5841-5842.

. Behling, J. R.; Babiak, K. A.; Ng, J. S.; Campbell, A. L,;
Moretti, R.; Koerner, M.; Lipshutz, B. H. J. Am. Chem. Soc.
1988, 110, 2641-2643.

. (a) Farina, V.; Kapadia, S.; Krishnan, B.; Wang, C.;
Liebeskind, L. S. J. Org. Chem. 1994, 59, 5905-5911.
(b) Piers, E.; McEachern, E. J.; Burns, P. A. Tetrahedron
2000, 56, 2753-2765 and references cited therein.

. Joule, J. A. In Indoles, The Monoterpenoid Indole Alkaloids,
Saxton, J. E., Ed. In The Chemistry of Heterocyclic
Compounds; Weissberger, A. Taylor, E. C., Eds.; Wiley:
New York, 1983; Vol. 25, Part 4, Chapter VI. (b) Alvarez,
M.; Joule, J. In Monoterpenoid Indole Alkaloids, Saxton, J. E.,
Ed. In The Chemistry of Heterocyclic Compounds; Taylor,
E. C., Ed.; Wiley: Chichester, 1994; Vol. 25, Supplement to
Part 4, Chapter 6.

. (a) Bennasar, M.-L.; Juan, C.; Bosch, J. Tetrahedron Lett.
1998, 39, 9275-9278. (b) Bennasar, M.-L.; Juan, C.; Bosch,
J. Tetrahedron Lett. 2000, 41, 585-588.

. For the addition of organocopper reagents to N-acylpyridi-
nium salts, see: (a) Piers, E.; Soucy, M. Can. J. Chem. 1974,
52, 3563-3564. (b) Comins, D. L.; Abdullah, A. H. J. Org.
Chem. 1982, 47, 4315-4319. (¢) Comins, D. L.; Stroud, E. D.;
Herrick, J. J. Heterocycles 1984, 22, 151-157. (d) Akiba, K.;
Iseki, Y.; Wada, M. Bull. Chem. Soc. Jpn. 1984, 57, 1994—
1999. (e) Shiao, M. J.; Liu, K. H.; Lin, L. G. Synlett 1992,

10.

13.

14.

15.

16.

17.

18.

10131

655-656. (f) Mangeney, P.; Gosmini, R.; Raussou, S.;
Commercon, M.; Alexakis, A. J. Org. Chem. 1994, 59,
1877-1888.

(a) Chamberlin, A. R.; Bloom, S. H. Org. React. 1990, 39, 1—
93. For recent examples, see: (b) Zhao, D.; Xu, F.; Chen, C.;
Tillyer, R. D.; Grabowski, E. J. J.; Reider, P. J. Tetrahedron
1999, 55, 6001-6018. (c) Bourgeois, D.; Pancrazi, A.; Ricard,
L.; Prunet, J. Angew. Chem., Int. Ed. Engl. 2000, 39, 726-728.
For instance, see: Barret, A. G. M.; Boys, M. L.; Boehm, T. L.
J. Org. Chem. 1996, 61, 685-699.

. For the conjugate addition of HO mixed alkyl vinyl cyano-

cuprates to enones, see: Lipshutz, B. H.; Wilhelm, R. S.;
Kozlowski, J. A. J. Org. Chem. 1984, 49, 3938-3942. See
also Ref. 4.

For the conjugate addition of organocopper reagents to related
o,B-unsaturated lactam esters, see: (a) Overman, L. E.;
Robichaud, A. J. J. Am. Chem. Soc. 1989, 111, 300.
(b) Amat, M.; Pérez, M.; Llor, N.; Bosch, J.; Lago, E.; Molins,
E. Org. Lett. 2001, 3, 611-614.

Bennasar, M.-L.; Zulaica, E.; Bosch, J. J. Org. Chem. 1992,
57, 2835-2841.

For the addition of other nucleophiles to 3,5-disubstituted
pyridinium salts, see: Lavilla, R.; Gotsens, T.; Rodriguez,
S.; Bosch, J. Tetrahedron 1992, 48, 6445—-6454.

For acetylindole 2a, see: (a) Gribble, G. W.; Barden, T. C.;
Johnson, D. A. Tetrahedron 1988, 44, 3195-3202. For 2b,
see: (b) Diels, O.; Kollisch, A. Chem. Ber. 1911, 44, 263.
For 2¢, see: (c) Bhandari, K. S.; Snieckus, V. Can. J. Chem.
1971, 49, 2354.

Casamitjana, N.; Lopez, V.; Jorge, A.; Bosch, J.; Molins, E.;
Roig, A. Tetrahedron 2000, 56, 4027-4042.

Lounasmaa, M.; Tolvanen, A.; Din Belle, D. Tetrahedron
1996, 52, 11361-11378.

Cochran, J. C.; Phillips, H. K.; Tom, S.; Hurd, A. R.; Bronk,
B. S. Organometallics 1994, 13, 947-953.



