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Double bond migration in N-allylindoles has been investigated as a method to access N-vinyl derivatives
of this heterocycle. The optimal reaction conditions employed t-BuOK or NaH in DMSO as the solvent at
room temperature to afford the products in yields ranging from 51 to 99%. Although in some cases a high
degree of stereoselectivity was observed, preferential formation of either the Z- or E-isomer was not pre-
dictable. The developed methodology was employed in the synthesis of (+)-debromoarborescidine B.

© 2013 Elsevier Ltd. All rights reserved.

Indole alkaloids are a large group of natural products with di-
verse chemical structures and a wide spectrum of biological prop-
erties.! As appealing and challenging synthetic targets, they attract
significant attention from organic chemists.? The indole skeleton is
also a structural component of many drugs currently in the market,
such as triptans.

As a part of our ongoing research on the synthesis of indole
alkaloids possessing an N-vinyl moiety, exemplified by natural
products 1a, 2-4 (Fig. 1), we searched for a mild, functional group
tolerable procedure for the N-vinylation of indoles that would al-
low further annelation via ring-closing methathesis (RCM). A num-
ber of methods describing the introduction of complex N-vinyl
moieties have been reported in the literature.” On the other hand,
insertions of unsubstituted or simple N-vinyl functionality, suit-
able for further RCM elaboration, are rare and often require gas-
eous reactants (acetylene or vinyl bromide), or harsh conditions
(KOH, 100 °C). Contrary to a direct N-vinylation, the two step pro-
cedure, involving N-allylation followed by double bond migration,
to form an N-vinyl functionality, is also feasible. The N-allyl to
N-vinyl isomerisation has been investigated extensively.” Upon
isomerisation, the N-vinyl product can be hydrolysed to afford a
carbonyl compound and this sequence is vital in the industrial pro-
duction of menthol.® Since the allyl functionality is a useful N-pro-
tecting group, the isomerisation/hydrolysis sequence is also an
integral part of the deprotection strategy of various N-allyl
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derivatives.® Additionally, tandem isomerisation-RCM reactions
have been utilised successfully in the synthesis of several heterocy-
clic compounds.'® The double bond migration in N-allyl derivatives
can be accomplished with various reagents, from acids and bases
to supported metals and transition metal complexes.” Metal com-
plexes, in particular, have been investigated extensively leading to
a good understanding of these processes and the development of
highly stereoselective transformations.!’

Our initial attempts to promote migration of a double bond in
allylindole 5 are outlined in Table 1. The use of several transition
metal complexes under mild conditions failed (Scheme 1, Table 1,

laR=Br
1bR=H

Figure 1.
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Table 1
Reaction conditions for the double bond migration
Entry Conditions Z|E? Yield® (%)
a Ru(CO)(PPhs)sH; (10 mol %), THF, rt — —
b Rh(PPhs);Cl (5 mol %), toluene, rt — —
c allylMgBr (4 equiv), Et,0, rt — —
d Cs,CO05 (4.5 equiv), DMSO, rt — —
e DBU (4.5 equiv), DMSO, rt — —
f t-BuOK (0.2 equiv), DMSO, rt - -
g t-BuOK (1 equiv), DMSO, rt — —
h t-BuOK (2.2 equiv), DMSO, rt —c 33 (50)¢
i t-BuOK (4.5 equiv), DMSO, rt E¢ 85 (99)¢
j t-BuOK (4.5 equiv), DMF, rt E° 88 (99)¢
3 Established by analysis of the 'TH NMR spectra of the crude reaction mixtures.
b Isolated yield after column chromatography.
¢ Not determined.
4 Conversion is given in parentheses.
e
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Scheme 1.

Base-promoted N-allyl to N-vinyl isomerisations

The 'H NMR spectrum showed the presence of a trace amount of the Z isomer.
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N N

entries a and b), resulting in recovery of the starting material.
Similar results were obtained using a Grignard reagent (Scheme 1,
Table 1, entry c). The use of t-BuOK in these processes at room tem-
perature and in DMSO as the solvent resulted in the formation of
the expected product 6 but, as shown, it was dependent on the
amount of the base used. Catalytic or equimolar amounts of t-
BuOK were not efficient (Scheme 1, Table 1, entries f and g).
Increasing the amount of base to 2.2 equiv afforded the product
in 33% yield, but with only 50% conversion (Scheme 1, Table 1, en-
try h). A further increase in quantity of the base resulted in the for-
mation of N-vinyl derivative 6 in excellent yield (Scheme 1, Table 1,
entry i). Analysis of the 'H NMR spectral data showed the product
to be the E-isomer contaminated with only a trace amount of the Z-
isomer. DMF as the solvent proved to be as efficient as DMSO
(Scheme 1, Table 1, entry j). Attempts were also made to use weak-
er bases, such as Cs,CO3 or DBU (Scheme 1, Table 1, entries d and e)
at room temperature, but these reactions resulted in recovery of
the starting material.

Using the t-BuOK/DMSO conditions (Table 2, conditions A),!?
we explored briefly the scope of this transformation and the results
are outlined in Table 2. In addition to indole derivatives, benzimid-
azole 9 and benzotriazole 11 were shown to be suitable substrates
(Table 2, entries c and d). Although the reactions produced N-vinyl
derivatives 10 and 12, slightly lower yields were observed. Since
benzimidazole and benzotriazole are expected to be better leaving
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Table 2 (continued)

Entry Starting material Product Conditions? Yield® Z/E Conditions? Yield® (%) Z/E°
NHCOOE:t NHCOOEt
A\ N\
h N N A 97 B 80
Z 19 N 20
OH OH
A\ A\
i N N A 98 - -
= x
21 22

¢ Conditions A: allyl compound (0.1 mmol), t-BuOK (0.45 mmol), DMSO (3 mL), rt, TLC monitoring (reaction times: 1-3 h); conditions B: allyl compound (0.1 mmol), NaH

(0.45 mmol), DMSO (3 mL), rt, TLC monitoring (reaction times: 3-24 h).
b Isolated yield after column chromatography.
¢ Established by analysis of the 'TH NMR spectra of the crude reaction mixture.
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groups than indole, they may participate in side processes such as
the Sn2 reactions involving the allyl moiety and the nucleophilic
base. Generally, simple N-allyl heterocycles (Table 2, entries a, b
and d) produced a mixture of geometric stereoisomers with the
E-isomer being the major product. The exception was benzimid-
azole 9, which gave completely opposite results (Table 2, entry
c). As we intended to use this methodology for the synthesis of
some indole-based natural products, the efficiency of the process
was tested on more complex substrates (Table 2, entries e-i).
Bis-allylated compounds 13 and 15 (Table 2, entries e and f) were
isomerised highly chemoselectively and, contrary to most of the
above examples, with preference for the Z-stereoisomer. The pres-
ence of amide, carbamate, aryl iodide or an additional alkene func-
tionality did not interfere with the reaction pathway. Cyclic N-allyl
derivatives were also suitable substrates for this transformation
(Table 2, entries g—i). The isomerised products, 18, 20 and 22, were
isolated in good yields, and, again, the conditions tolerated the
presence of various functional groups.

Attempts to isomerise indole derivative 23 using the above con-
ditions surprisingly failed (Scheme 2). Upon mixing 23 and the
base in DMSO the reaction mixture instantaneously turned black,
while TLC showed the presence of only a baseline material. As
the electron acceptor functionality, the nitrile is likely to facilitate

Sn2 processes on the allyl moiety, but also is itself prone to nucle-
ophilic additions. Although t-BuOK is often used as a base in syn-
thetic transformations, it possesses nucleophilic properties as
well. Bearing in mind that hydride is a weak nucleophile due to
its low polarisability, we hoped to suppress the side processes by
using NaH. Gratifyingly, replacing t-BuOK with NaH resulted in
the formation of the expected product 24 in a good yield as 3.6:1
mixture of Z- and E-isomers. This outcome prompted a brief explo-
ration of NaH in the isomerisation process and the results are sum-
marised in Table 2 (conditions B). In all of the cases investigated
(Table 2, entries a, ¢, d, f and h) the products were isolated in good
yields with variable Z/E selectivity. Compared to the t-BuOK meth-
od, the process employing NaH as the base seemed to be slightly
less efficient requiring generally longer reaction times (1-3 h for
t-BuOK reactions vs 3-24 h for NaH reactions, as monitored by
TLC).

The vinyl indoles prepared by the described methods were
shown to participate efficiently in RCM transformations
(Scheme 3).

The methodology described above has been applied in the syn-
thesis of (+)-debromoarborescidine B (1b), a derivative of naturally
occurring arborescidine B (1a).!*> Compound 1b possesses antipro-
liferative properties and it is significantly more potent than 1a.'3?

The synthesis was initiated with allylation of dihydrocarboline
27 under typical basic conditions to afford compound 28 (Scheme 4).
Sequential, one-pot treatment of 28 with ethyl chloroformate to
quaternise the imine functionality followed by indium-promoted
allylation furnished diallylated compound 29. Subsequent RCM,
carried out with Grubbs’ second generation catalyst, afforded prod-
uct 30 in almost quantitative yield. The allyl to vinyl isomerisation
was then carried out using the above discussed procedures.
Although both methods afforded the expected product 31, the pro-
cess employing NaH as the base was shown to be more efficient. Fi-
nally, reduction of the carbamate functionality employing LiAlH,
afforded the target compound, (+)-debromoarborescidine B (1b).

In conclusion, a mild method for N-allyl indole to N-vinyl indole
double bond migration employing t-BuOK or NaH has been de-
scribed. The reactions were carried out at room temperature
affording the products in good yields, usually as Z/E mixtures,
while the conditions tolerated a range of functional groups. The
methodology was applied for the synthesis of (+)-debromoarbore-
scidine B.
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