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Abstract — Reactions of indolylmagnesium bromide and lithium

diindolylcuprate with several pyridine N-oxides are described.

Several years agol, we reported a novel condensation reaction of indolylmagnesium
bromide with pyridine N-oxide (&) and applied 1t to a stereoselective total synthesis

of dasycarpidone (%).
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In subsequent work on the total synthesis of another 2-acylindole, ervitsine,2

we requited a methed for the preparation of 2-indolyl-4-methoxycarbonylmethylpyridine
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derivatives. We investigated the condensation reaction of indolylmagnesium bromide
with several pyridine N-oxides under various conditicns and alsc compared the
reactivity of indelyl Grignard reagent versus lithium diindolylcuprates. Typical

experimental procedures are as follows.

ervitsine COpMe

Firstly condensation reacticn of indolylmagnesium bromide with 3-methoxycarbonylpyridine
N-oxide was carried out. To an 1ice-cold solution of ethylmagnesium bromide (60 mmol)
in dry THF {20 ml) was added dropwise a solution of indole (67 mmol) in dry THF (15 ml)
over 30 min under nitrogen atmosphere. The mixture was stirred for 30 min at 0°C and
then dry methylene chloride (60 ml) was added in order to obtain complete sclution.
After stirring for an additional 1.5 h at room temperature, the mixture was cooled

to -20°C, To this was added dropwise a scluticon of pyradine N-oxide (2) {20 mmol)
and benzoyl chloride (20 mmol) in dry methylene chloride (20 ml). The mixture was
stirred for 2 h at —200C, quenched with saturated ammonium chioride se¢lution and
diluted with chloroform. The organic layer was washed with brine, dried over
magnesium sulphate and then evaporated. Purification of the resultant residue by
silica gel column chrematography afforded the desired compound (4).

Secondly condensation reaction of lithium diindelylcuprate with 3-methoxycarbonyl-
pyridine N-oxide was carried out as follows. Purified cuprous iodide {14 mmol) was
placed in a round bottom flask. Nitrogen was intruduced into the apparatus and

then dry ether (10 ml) was added to the flask. The mixture was cooled to -40°C

and a solution of indolyll:thium [prepared from indole (23 mmol)} and n-butyllithium
(23 mmol) in dry ether (10 ml)] was added dropwise with stirring over 20 min. The
resultant dark blue solution was stirred for 2 h at -40°C., To that solution was
added dropwise a solution of pyridine N-oxide (é) (3.9 mmol) and benzoyl chloride
(3.9 mmol) in dry methylene chloride (4 ml) over 40 min and the mixture was stirred
for an additional 2 h at -4006, quenched with saturated ammonium chlor:de soluticn,
washed with brine, dried over magnesium sulphate and then evapecrated to leave a
residue which was subjected to chromatography on silica gel to give the desired
compound (&).

The results are summerized in Table I.
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Cenditions
Indolylmagnesium bromide/ a b
pyridine N-oxide Pyridine N-oxide Temp Time Product m.p. [OC) Yield
{(mole ratio) fo W (%)
2 5 RI=coMe, RH <10 2 | 4: R-0OMe, RO=H, R=H 203206 12.5
rad 3: Rh=0,Me, RH  -40 2 | 4: R'=COMe, RisH, RO= 12
3 3: R'=cOMe, R2H <10 2 | 4: RI=cOMe, RP=H, RO-H 13.7
3 3 RI=COMe, R=H 20 2 | 4: Rb=coMe, RP-H, RO 17.6
1.2 5: RL=Et, R*=GH,C0Me -20 5: RL-H, RO=(H,00,Me, RO=Et 3
= Z N 2 2 3
7: Rl=Er, RP=CH,00Me, RO-H 5
3 5: R-Et, R2=CH2002Me 20 2 |6 R'=H, RP=CH,0DMe, R=Et 10.3
7: Rl=Et, R2=CH2C02Me, 3= 16.9
3 8 RI-Et, RisMe  -20 2 9: RI=H, R%=Me, R=Ft 1174119 3.8
10: RY=Et, R%-Me, R=H 1194120 21.4
] N
| “ phcoct® I ]
N Culi + O N ™.
9 CUZME H C02ME
3 A
Conditions Product
Lithium diindolylcuprate/pyridine N-oxide Temp (OC) Time (h) Yield (%)
(mole ratio)
3.5 -40 2 16
3¢ -40 2 0
5 -40 2 14.9
-40 2 9.1

a} All of the pyridine N-oxides were prepared by heating the corresponding pyridine derivatives in
a mixture of AcOH and HZOZ at 80°C.

b) Isolated yield based on pyridine N-oxide used.

c) Catalytic amount of Cul was used.

d) When Mel was used instead of benzoyl chloride, none of the desired condensation product was obtained.
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We then turned our attention to the synthesis of 2-indeolyl-4-methoxycarbonylmethyl-
piperidine derivatives which should be important intermediates in the synthesis of
ervitsine and its analegues.

Thus, treatment of the compound (i) with methyl iodide followed by methanolic sodium
borohydride reduction afferded the 4,5-dihydropiperidine (l1}. Lithium aluminium
hydride reduction of the ester (A1) in dry tetrahydrofuran gave the allyl alcohol
(%%)4, mp 183 ~ 185°. Orthoester Claisen rearrangement5 provided an unseparable

mixture of the homoester (13} (cis : trans = ca.l : 1) in approximately 50 % yield.
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a) MeI/MeQH, reflux b) NaBH,/MeOH, r.t. c)LiA1H4/THF, reflux
d) CH3C(OME)3, CH3CH2002H/Dig1yme/160°, 10min.

Thus a generai synthesis of 2-indolyl-4-methoxycarbonylmethylpiperidine derivatives,
which may be key intermediates in the synthesis of ervitsine, has been accemplished.
Although the yiel&s in the condensation reactions described herein are unfortunately
iow, the method is nevertheless noteworthy in comparison with other known routes6 to
2-indolylpyridine derivatives, which are not orly lengthy but are also restrictive

with regard to the introduction of synthetically useful functionality. To our
knowledge, this paper also constituted the first report concerning the reactivity of
lithium diindolylcuprate. The total synthesis of ervitsine according to this procedure

is now under investigation in these laboratories.
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