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A high-yielding fast spirocyclization of easily available indol
ynones has been developed applying N-iodosuccinimide. The
formation of the desired product occurs in an atom-economical
way, under mild conditions, instantly after the addition of the
reagent. The expected 1,2-rearrangent was not observed. The
procedure represents a metal free spirocyclization of indoles with
the opportunity of further functionalizations.

During the last few years spirocycles have attracted great
attention due to their privileged structure.! Their non-planar
skeleton can be found in many biologically active compounds.2
However, the synthesis of such spiro-structures is complicated
due to the need for dearomatization or the fact that their
requires a multistep synthesis
condensations.® The synthesis of spiroindolenines, which are
widely spread in nature (Figure 1), is known to be even more
complicated as they are prone to 1,2-rearrangement towards
C2-substituted indoles.* Their hydrogenated analogues
spiroindolines are also widespread in nature and are of great
interest regarding bioactivity.5 Until now, only few reports on
the synthesis of spiroindolenines and spiroindolines appeared,

and the vast majority includes transition metal catalysis.3f’ 4a, 4,
6

construction and

In 2010 the group of You reported a work based on Ir
catalysis.7 Later on, our group has reported the procedure of
gold-catalysed spirocyclization of indoles, resulting
mixture of both spiro- and 1,2-rearranged products.8 This was
soon followed by the work of Unsworth and Taylor with
multiple reports on indoles spirocyclization involving Ag, Cu
and Au catalysis.9 It is worthwile to mention that all reports on
indole spirocyclization involved transition metal catalysts, until
2017 when group reported the first metal-free
spirocyclization of indoles.’® In continuation of this research,
we began to search a suitable procedure for indol ynone
annulation. This directed our interest to iodine-catalysed
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Figure 1. Biologically active spiroindolenines

cyclizations, largely reported in the past decade.™ Recently,
our group has also reported various annulation procedures
involving iodine t:hemistry.12

lodine reagents appear to be efficient tools to activate a triple
bond for nucleophilic attack.’™ The reaction products may
further be functionalized employing the high reactivity of the
introduced C-I bond. Herein we report a new high-yielding
atom-economical spirocyclization procedure of indol ynones
for the formation of iodine-substituted spiroindolenines
employing N-iodosuccinimide (NIS) for activation of the triple
bond.

Our study began by examining the reaction of 1.5 equiv of
iodine in acetonitrile with indol ynone 1a which was used as a
model compound (Table 1, entry 1). To our surprize, the
reaction was already completed right after the addition of the
reagent, yielding the desired 2a in 40%. Variation of the
amount of iodine did not result in a significant change of the
yield (Table 1, entries 2 and 3). In order to neutralize the
formed HI, 1.5 equiv of NaHCO; were added, resulting in an
increased yield of 62% (Table 1, entry 4). Switching to ICl lead
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to decreased vyields (Table 1, entries 8-10). To our delight,
when N-iodocuccinimide

Table 1. Optimization of the iodocyclization on ynone 1a®
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cleanly converted into the desired products 2l and 2m (Table
2, entries 12 and 13).13

Table 2. Substrate scope’

R \ I:lé_

\ R T ——

N MeCN, 5 min

b N e gent
¢ DT LU
1a 2a

Ne lodine Equiv Additive Temp. Solvent Time Yield

reagent (min) (NMR)
1 I, 1.5 - rt MeCN 5 40
2 I, 2.0 - rt MeCN 5 44
3 I, 1.05 - rt MeCN 5 39
4 I, 1.5 NaHCOs rt MeCN 5 62
5 I, 2.0 NaHCO3 rt MeCN 5 42
6 I, 1.05 NaHCOs rt MeCN 5 63
7 I, 1.05 NaHCO; 0°C MeCN 5 48
8 ICl 1.05 NaHCOs rt MeCN 5 40
9 ICl 1.5 NaHCO; rt MeCN 5 37
10 ICl 1.05 NaHCO3 0°C MeCN 5 29
11 NIS 1.05 - 0°C MeCN 5 89
12 NIS 1.05 - rt Ethanol 5 90
13 NIS 1.05 - rt CH,Cl, 5 -
14 NIS 1.05 - rt THF 5 87
15 NIS 1.05 - rt Toluene 5 -
16 NIS 1.05 - rt MeCN 5 99 (98)°

Entry  Starting material Product

o)

" . /

N

? The reactions were run on a 0.1 mmol scale of 1a in 1.0 mL of the indicated
solvent with 2 equiv of the additive when mentioned. The data were obtained via
*H NMR using CH,Br; as an internal standard. d; ®|solated yield.

was employed, the yield increased dramatically up to 89% at 0
°C within 5 minutes (Table 1, entry 11). Performing the
reaction in DCM or toluene did not result in any product
formation (Table 1, entries 13 and 14). However, treating 1a
with NIS at rt lead to an impressive 99% yield (Table 1, entry
16).

With the optimized condition in hand, we explored the scope
of the protocol with various substrates 1a-m (Table 2). First,
we performed the reaction with the model compound 1a in a
gram-scale, what resulted in an excellent 96% yield (Table 2,
entry 2). Then, the spirocyclization was investigated with an
ortho- 1b, meta- 1c and para-tolyl 1d Rl-substitutents,
resulting in excellent yields in all cases (Table 2, entries 3, 4
and 5). Electron-donating and electron-withdrawing groups
were also tested resulting in 96% of 2e and 92% of 2f,
respectively (Table 2, entries 6 and 7). Alkyl substituents at the
triple bond similarly showed clean conversion to the desired
molecules 2g and 2h (Table 2, entries 8 and 9). An electron-
donating 5-methoxy group on the indole core resulted in a
slightly lower yield of 84% (2i), while a para-chlorine phenyl R3-
substituent resulted in an even more decreased yield (2j).
Electron-withdrawing 5-bromo substituent showed excellent
reactivity under the current conditions (2k) (Table 2, entries 10
and 11). Substrates with R’ and R’-substituens were also

2| J. Name., 2012, 00, 1-3

1 la Ar=Ph 2a Ar=Ph 98
2 laAr=Ph(1.3g) 2a Ar=Ph 96
3 1b Ar = 0-Me-Ph 2b° Ar = 0-Me-Ph 94
4 1c Ar = m-Me-Ph 2c Ar = m-Me-Ph 93
5 1d Ar = p-Me-Ph 2d Ar = p-Me-Ph 94
6 1e Ar = p-OMe-Ph 2e Ar = p-OMe-Ph 96
7 1f Ar = p-F-Ph 2f Ar = p-F-Ph 92
[
N\
p "Alkyl
N
H
8 1g Alkyl = Pr 2g Alkyl = n-Pr 98
9 1h Alkyl = cyclohexyl 2h Alkyl = cyclohexyl 99
[ Lo}
o \
~ N\ N
Ar
N
10 1i Ar=Ph 2i Ar=Ph 84
11 1j Ar = p-Cl-Ph 2j Ar = p-Cl-Ph 76
[ e}
Br. \
N
Ar
N
12 1k Ar = Ph 2k Ar = Ph 99
o o}
I
\ (]
\ \ ‘Ar Ar
i 7
13 1l Ar = Ph 2l Ar=Ph 99
o o
Bn I
\ o ]
N\ - O Ar
N /
H N
14 1m Ar = Ph 2m° Ar = Ph 99

?® The reactions were run on a 0.3 mmol scale (except entry 2) under the
optimized conditions from table 1, entry 16. The yields are isolated; b appears as

a mixture of rotamers with dr = 1.2:1; dr = 3:2.

This journal is © The Royal Society of Chemistry 20xx
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Interestingly, the majority of the formed products showed
slow trimerization towards the products 3a-d and 3f-h
(Scheme 1) in solution. However, this could be reversed under
slightly acidic conditions.® ** ™ In our case, quantitative
conversion to the monomer was achieved by the addition of a
few drops of TFA,

2a-d,
2f-h

Scheme 1. Trimerization of 2a-d and 2f-h

what was proven by 'H and *C NMRs (see the supporting
information).

The iodocyclized products can also be decorated giving rise to
various structures applying palladium chemistry. However, it
was found that the indolenine core should first be reduced to
the indoline, in order to prevent any side reaction on the
electrophilic C2-site. To our great delight, the indoline 4a easily
underwent Suzuki and Sonogashira reaction as well as alkyne
carboannulation, yielding 5a, 6a and 7a in excellent yields
(Scheme 2).

O

a, 97%

2a 4a, 67% \:I 6a, 99%

7a, 74%

a: NaCNBHj3 (2 equiv), DCM, overnight; b: PhB(OH), (2 equiv), Pd(OAc), (5 mol%), PPhs
(10 mol %), K,CO; (2 equiv), dioxane/water 4:1, 60 °C, 2 h; c: phenylacetylene (2 equiv),
Pd(OACc); (5 mol%), PPh3 (10 mol%), AgOTf (10 mol %), Cs,COs; (2 equiv), THF, 60 °C, 1 h;
d: diphenylacetylene (2 equiv), Pd(OAc), (5 mol %), NaOAc (2 equiv), n-BusNCl (3
equiv), DMF, 80 °C, 2 h.

Scheme 2. Palladium-catalysed transformations of 2a

This journal is © The Royal Society of Chemistry 20xx
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A plausible mechanism is depicted in Scheme 3. First, the triple
bond of the ynone 1a is activated upon reaction with NIS,
resulting in the formation of a reactive iodonium intermediate
A. In the next step ipso-attack of the indole results in the
formation of spiroindolenine 2a. The side product succinimide
C is formed by protonation of the succinimidium anion B. The
rearrangement towards C2-substituted indole does not occur.

Scheme 3. The plausible mechanism

In summary, a simple, high-yielding approach for the fast
formation of spiroindolenines was developed from easily
available indole ynones. The reaction requires mild conditions
and shows broad reactivity. The high selectivity under metal-
free conditions without the formation of the rearranged
product is an additional asset of the protocol. All obtained
products can be further easily functionalized towards various
spiroindolines.
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