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A highly efficient palladium catalyzed decarboxylative allylic rearrangement of alloc indoles has been developed. This can also be combined with a
Suzuki—Miyaura cross-coupling reaction in a single pot transformation. Substituted alloc groups and benzylic variants have also been
demonstrated alongside promising initial results on the enantioselective variant.

Since its inception in the 1950s, m-allyl chemistry has
developed into many synthetically useful variants.! A large
number of these processes have been further developed
into enantioselective processes with asymmetric allylic
alkylation reactions being particularly widely used.’

The use of indoles as nucleophilic partners in s-allyl
chemistry has been demonstrated by several groups. Bill-
ups first demonstrated the use of indoles in sr-allyl chem-
istry using allylic acetates in 1980.° Kimura then modified
this with sr-allyl species generated from allylic alcohols also
reacting with indole to afford C-3 substitution.* Trost later
developed this into an enantioselective variant whereby
C-3 substituited indoles react with allylic alcohol derived
m-allyl species to afford products with good enantio-
selectivity.” Rawal demonstrated that 2,3-disubstituted
indoles could react with allyl carbonates in the presence
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of a palladium(0) catalyst.® The use of iridium catalysts has
also been shown to afford similar reactions, albeit with the
opposite regiochemistry.”

We speculated that indoles containing carbamate nitro-
gen-protecting groups could be used as s-allyl precursors.
Upon treatment with a palladium(0) catalyst these could
decarboxylate to afford a s-allyl intermediate and an
indole anion. The two could recombine at the C-3 position
affording an allylated indoline imine. This rearrangement
would effectively be an aromatic aza-Tsuji allylation
reaction.® Herein we report the development of the dec-
arboxylative allyl rearrangement of N-allyl indoles.

We first began by looking at carbazole 1a and screened a
number of conditions including palladium sources, sol-
vents, and the use of additives (Table 1). Gratifyingly we
found that Pd(PPhj3), did catalyze the reaction; however,
the reaction was slow with a significant amount of simple
alloc deprotection being observed. A screen of solvents
found that non-polar aprotic solvents such as toluene and
methylene chloride resulted in much faster reaction times
with less deprotection observed affording the C-3 allylated
product 2a in 90% yield. The mass balance of the reaction
was made up of small amounts of deprotected carbazole as
a byproduct. Both Kimura and Trost had used BEt; as an
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additive in their reports, and the use of this was explored.
When BEt; was used there was no observed deprotection;
however the reaction proceeded more slowly. This could be
circumvented by increasing the temperature to 50 °C which
restored the reaction to a yield of 90% with no observed
deprotection. We screened various other palladium/ligand
combinations, including those used by Rawal and found
that these were inferior for this particular reaction.

Table 1. Optimization Studies

N
N conditions?
N
\ﬁ\ 23°C
(o) /
=/ 0 N
1a 2a
entry catalyst solvent additive yield (%)°
1 Pd(PPhj), THF none 12
2 Pd(PPhj), toluene none 80
3 Pd(PPh3)4 CHQCIQ none 90
4 Pd(PPhs), CH,Cly BEts 45
5 Pd(PPhs), CH,Cly BEt; 90°¢
6 szdbag/P(Z-Fur)g CH2C12 BEt3 38
7 Pd(OAc)y/PPhs CH,Cl, BEt; n.r.

“Reactions carried out using 1 mol % of catalyst and 1 equiv of
additive (when used) at 0.2 M concentration. ” Isolated yields. ¢ Reaction
carried out at 50 °C.

With the optimized conditions in hand, we next explored
the substrate scope (Scheme 1). A variety of carbocyclic
variants were used, and the reaction was tolerant of
differing ring sizes from five to eight affording 77—90%
yields. It was necessary to reduce the five-membered indole
product 2b with NaBH;CN prior to purification, as this
was not stable to silica gel chromatography. We examined
whether an aryl bromide could be tolerated, and gratify-
ingly, the use of bromo carbazole 1e afforded the corre-
sponding rearranged product 2e in 85% yield with no sign
of insertion into the carbon—bromine bond. Noncyclic
dimethyl derivative 1f could also be rearranged with 2f
being formed in 79% yield.

We next began to examine installing substitution and
in particular the installation of heteroatom substituents.
We discovered that the reaction was indeed tolerant of a
variety of groups and difluoro-substrate 2g is well tolerated
giving a yield similar to that of the nonfluorinated analog.
A piperidine can also be used with little effect on the yields,
as can ketal 2i and the tetracyclic substrate 2j. Once again
the five-membered substrate was unstable to silica gel and
therefore had to be reduced prior to purification. It is
important to mention that the functionalized substrates
required the use of BEt; as an additive to obtain good
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Scheme 1. Substrate Scope”
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“Reaction conditions: 1 mol % Pd(PPhs)s, 1 equiv of BEt; (1 M in
hexane), CH,Cl, (0.2 M), 50 °C, 16 h. ? Isolated yield. ¢ Reduced with
NaBH;CN for isolation.

yields. In the absence of this additive a very slow reaction is
observed.

We next examined the use of substituted alloc groups.
These could be easily prepared using Sarpong’s protocol
without the need for phosgene based reagents.” 2-Methyl
substrate 3 rearranged under slightly modified conditions
to provide good yields of product 4 (eq 1). A higher catalyst
loading was required (5 mol % Pd(PPhs),), and the addi-
tion of BSA'® as an additional additive gave optimal
results. Under the modified conditions, the reaction of
2,3-dimethyl alloc substrate 5 also proceeded well to give

(10) BSA = N,O-Bis(trimethylsilyl)acetamide.
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the linear substitution product 6 (eq 2). Likewise, cinnamyl
derivative 7 also rearranged in good yield to afford the
linear product 8 (eq 3). As Rawal had recently reported the
use of benzyl carbonates in a sr-allyl substitution reaction
with 2.,3-substituted indoles,'' we investigated whether
Cbz indoles could undergo a similar transformation. With
the conditions used for the substituted alloc groups, no
reaction was observed, and utilizing Rawal’s conditions, a
moderate 45% yield of benzyl migrated product 10 was
obtained. The combination of [Pd(allyl)Cl], and Xantphos
provided the optimal conditions for this rearrangement
with 10 being produced in 72% yield (eq 4) .

5 mol % Pd(PPh;), Me
1 equiv BEt;
1 equiv BSA

%
\

0 CH,Cly, 50 °C p
o \\( N
3 4,70%
Me Me
5 mol % Pd(PPhg), \
A\ 1equivBEt; Me @
N 1 equiv BSA
-0 CH.Cl,, 50 °C )
0o \\(/\Me N
5 Me 6,73%
Ph
5 mol % Pd(PPh3),
AN 1 equiv BEt; N
N 1 equiv BSA (3)
)N o CH,Cly, 50 °C
0 \_/Ph N/
7 8,71%
2.5 mol % [Pd(ally)Cl],
5.5 mol % Xantphos Ph
N 12 equivBEl; @
N 1.2 equivBSA
2~0 Tol, 110°C N

9 ~Ph 10,72%

As the decarboxylative rearrangement process was tol-
erant of the aromatic bromide present in 2e, we examined
whether a second cross-coupling step could be performed
in the same reaction vessel. We decided to examine the
Suzuki—Miyaura reaction due to the wide availability of
aryl boronic acids. Indeed this was possible with the
addition of a boronic acid, base, and ethanol following
the rearrangement step (scheme 2). This allowed for the
formation of C-3 allylated biaryl indolines in good to
moderate yields. Alongside the phenyl substituent 11a, a
range of electronically differentiated 4-substituted boronic
acids could be used including methyl 11b and trifluoro-
methyl 11¢. The 2-position could be substituted with fluoro
11d and 2,6-dimethyl groups 1le being incorporated.
Other tolerated groups were 3-cyano 11f and heterocycles
including pyridine 11g and furan 11h.

With the rearranged imines in hand we examined
whether we could add nucleophiles to these. We had

Scheme 2. Rearrangement—Suzuki Process”
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“Reaction conditions: 1 mol % Pd(PPhs)s, 1 equiv of BEt; (1 M in
hexane), CH,Cl, (0.2 M), 50 °C, 16 h then 1.5 equiv of boronic acid, 2 M
Na,CO;, EtOH, toluene, 100 °C, 3—8 h. ” Isolated yield.

already demonstrated the use of NaBH;CN to reduce
them as other groups had previously:® therefore we focused
on carbon-based nucleophiles. Initial attempts with
Grignard reagents proved unsuccessful; however the use
of organolithium reagents proved effective.'? Both butyl
lithium and phenyl lithium gave the addition products 12a
and 12b respectively as a single diastereoisomer (eq 5). This
was tentatively assigned as the syn-diastereoisomer based
on literature precedent.'?

N
A 1.5-2 equiv RLi
THF, 0 °C
- (5)
/
N R
N H
2a R= Bu 12a, 82%

Ph  12b, 61%
Single Diastereoisomer

Finally we have briefly examined the enantioselective
variant of this reaction. Trost’s conditions that were
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previously reported used 9-BBN-Hex as an additive in the
place of BEt; to increase enantioselectivity.’ Little or no
reactivity was observed when 9-BBN-Hex was used as an
additive, although Trost reported no examples of 2,3-
substituted indoles. Gratifyingly, the use of BEt; and
Trost’s ANDEN ligand with ketalcarbazole 1i did yield a
rearranged product and afforded this product 2l in 62%
yield and 63% ee (eq 6). By contrast, Trost’s intermole-
cular allylic alcohol conditions gave similar results with
66% ee being obtained (eq 7). While far from being

2.5 mol % Pd,dbas CHCl3

Q 7.5 mol % ANDEN-Trost
0o 1 equiv BEt; A O/E
CH,Cl,, reflux
N\ 22 ®)
N Y /4
/\/ N

(@)

Y

o)

1 29, 62%, 63% ee

2.5 mol % Pd,dba; CHCI,

g
7.5 mol % ANDEN-Trost
0/7) 1 equiv BEty N O/W
CH,Clp, reflux o @
N
Y
” 3 equiv /\/OH N

3 29, 67%, 66% ee

-
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optimized these are encouraging initial results suggesting
that an enantioselective variant can be developed.

In conclusion, we have developed the first example of a
decarboxylative rearrangement of N-alloc indoles. This
reaction is tolerant of functional groups and can also be
used for the rearrangement of substituted alloc groups as
well as Cbz protecting groups. A one-pot rearrange-
ment—Suzuki coupling has also been developed, and the
use of the products has been explored. Finally we have
demonstrated that this reaction can be rendered enantio-
selective, and our current efforts are focused on improving
the enantioselectivity to synthetically useful levels.
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