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One of the most flexible approaches for the synthesis
of Strychnos alkaloids1 consists of the use of nonindolic
starting materials, with elaboration of the indole moiety
in the last synthetic steps from azapolycyclic intermedi-
ates with the appropriate functionality and stereochem-
istry. Efforts in this direction have culminated in the
total synthesis of several pentacyclic Strychnos alka-
loids2,3 and in the first, and so far only, enantioselective
total synthesis of Wieland-Gumlich aldehyde and strych-
nine.4 In this context, we have recently reported the use
of cis-3a-(o-nitrophenyl)hexahydroindol-4-ones as build-
ing blocks for assembling the pentacyclic ABCDE ring
system of Strychnos alkaloids.5 Treatment of vinyl halide
2 with nickel-bis(cyclooctadiene) [Ni(COD)2]6 in the
presence of lithium cyanide brought about both the
closure of the piperidine ring (bond formed C15-C20)7 and
the reductive cyclization of the R-(o-nitrophenyl) ketone
moiety to afford (40%) the norcuran type pentacycle (()-
dehydrotubifoline (3) in a single synthetic step.5
The synthesis of Strychnos alkaloids of the curan type

requires the introduction of the oxidized one-carbon
substituent (C-17) linked at C-16 in these alkaloids.
Initially, this transformation was accomplished from the
pentacyclic indolenine 3. Thus, treatment of 3 with
methyl chloroformate in the presence of NaH gave (36%)8
the N-methoxycarbonyl derivative 4, which was then
photoisomerized (30%) to (()-akuammicine (pseudo-
akuammicine)9 upon irradiation with a low-pressure
mercury lamp.10 Akuammicine was identified by com-
parison of its 1H NMR (300MHz) spectral data with those
reported for the natural product.11 The Rf values of our
synthetic akuammicine in several solvent mixtures were
also coincident with those of an authentic sample of the
alkaloid12 (Scheme 1).

A more straightforward method for the introduction
of C-17 was the treatment of vinyl iodide 2 with Ni-
(COD)2/LiCN, followed by trapping of the resulting
intermediate with (chloromethylene)dimethyliminium
chloride in a one-pot reaction. Under these conditions,
the N-formyl derivative 5 was directly obtained in 15%
yield from 2. Probably, formylation occurs from a met-
alloenamine intermediate because dehydrotubifoline (3)
was recovered unchanged after treatment with the above
formylating agent (DMF, 80 °C, 15 h).13
Photoisomerization14 of theN-formyl derivative 5 gave

(()-norfluorocurarine (vinervidine) in 15% yield,15 the
major product (69%) formed in this process being the
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Scheme 1a

a Key: (i) (Z)-BrCH2CIdCHCH3, anhyd K2CO3, CH3CN, rt, 3h,
70%; (ii) Ni(COD)2 (6.6 equiv), Et3N, LiCN (10 equiv), 2.5:1
CH3CN-DMF, rt, 2.5 h, 40%; (iii) ClCOOMe, NaH, DME, 60 °C,
4 h, 36%; (iv) hν, CH3OH, 30%; (v) Ni(COD)2 (6.6 equiv), Et3N,
LiCN (10 equiv), 2.5:1 CH3CN-DMF, rt, 2.5 h, then (CH3)2-
N+dCHCl Cl- (20 equiv), rt, 2 h, 15%; (vi) hν, CH3OH, 15%.
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deformylated indolenine 3. The 1H NMR spectrum (300
MHz) of our synthetic (()-norfluorocurarine was identical
to that reported for the alkaloid.16
The potential and flexibility of this methodology for the

construction of the pentacyclic curan skeleton was evi-
dent when the above one-pot treatment [Ni(COD)2/LiCN/
Me2N+dCHCl Cl-] was applied to the (E)-vinyl iodide 6
to give the pentacyclic N-formylenamine 7 in 20% yield
(Scheme 2). The constitution and relative configuration
of 7 was unambiguously established from its 1H and 13C
NMR data,17 with the aid of 2D-NMR experiments and
ROESY. These data are clearly different from those
reported for bharhingine, an alkaloid isolated from
Rhazya stricta,18 for which the structure 7 had been
proposed. So, a revised structure for the alkaloid is
needed.19
However, when vinyl iodide 6 was treated with Ni-

(COD)2 under the conditions satisfactorily used for the
cyclization of 2 to 3 [Ni(COD)2 (6.6 equiv), Et3N, LiCN
(10 equiv), 2.5:1 CH3CN-DMF, rt, 2.5 h], a complex
mixture was obtained instead of the expected pentacyclic
indolenine. The crude reaction mixture (TLC) showed
the clean formation of a new product, but after the
workup a complex mixture was formed. In contrast,
indicating that the above result is a consequence of the
instability of the pentacyclic indolenine rather than to a
failure of the cyclization, when the Ni(COD)2-promoted
double cyclization of 6 was performed in the absence of
LiCN, the pentacyclic nitrone 8was isolated in 53% yield.
Under these conditions, not only the double cyclization

[vinyl halide/alkene-R-(o-nitrophenyl) ketone] but also
an alkene isomerization20 to the natural E configuration
for the ethylidene substituent21 occurs in a single syn-
thetic step in more than acceptable yield (53%). The
formation of nitrone 8, which was identical to that formed
from 2 when the cyclization was carried out in the
absence of lithium cyanide,5 further illustrates the effect
of LiCN in modulating the Ni(COD)2-promoted reductive
cyclization of R-(o-nitrophenyl) ketones either to the
nitrone or the imine (indolenine) functionality. Interest-
ingly, a further treatment of nitrone 8 with Ni(COD)2 in
the presence of LiCN afforded the pentacyclic indoline 9
(19,20-didehydrotubifolidine) in 40% yield.22

In conclusion, the Ni(COD)2-promoted double cycliza-
tion of 3a-(o-nitrophenyl)hexahydroindol-4-ones consti-
tutes a straightforward and flexible method for assem-
bling the pentacyclic ABCDE ring system of Strychnos
alkaloids that may be applicable to the synthesis of the
most complex alkaloids of this group.
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Scheme 2a

a Key: (i) (E)-BrCH2CIdCHCH3, anhyd K2CO3, CH3CN, rt, 3h,
60%; (ii) Ni(COD)2 (6.6 equiv), Et3N, LiCN (10 equiv), 2.5:1
CH3CN-DMF, rt, 2.5 h, then (CH3)2N+dCHCl Cl- (20 equiv), rt,
2 h, 20%; (iii) Ni(COD)2 (6.6 equiv), Et3N, CH3CN, rt, 2.5 h, 53%;
(iv) Ni(COD)2 (4 equiv), Et3N, LiCN (8 equiv), 3.5:1 CH3CN-DMF,
rt, 2.5 h, 40%.
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