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ABSTRACT: A simple and efficient procedure for the Pd-catalyzed amination of E:L/\-NHZ
N-free 2-chloro-7-azaindole is described, using either primary or secondary F’t;‘c:lph i
B B c B B "'\ai R [l 2 rel 05 S R ;
amines. An optimized combination of Brettphos, a Brettphos precatalyst, and m cl +R HR s mh‘n*
H

LiHMDS in THF led us to a novel methodology, applied to various H

LiIHMDS, THF

functionalized amines to study the scope of the reaction. This is the first report

of cross-coupling amination on N-free 2-chloro-7-azaindole.

A. zaindoles have prompted growing pharmacological interest
due to their broad spectrum activities, including anti-
. 1 . . .

inflammatory’ or antitumor properties (Figure 1).” The
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Figure 1. Aminated 7-azaindoles as potent inhibitors.

replacement of a carbon atom by nitrogen at position 7 in the
indole skeleton provides the 7-azaindole (1H-pyrrolo[2,3-
b]pyridine), a molecular architecture naturally occurring in
variolin B,” an alkaloid isolated from the marine sponge
Kirkpatrickia varialosa and known to be a potent CDK inhibitor.
The proximity of two nitrogen atoms, in this bioisostere of an
indole or purine base, induces altered electronic properties due
to both the neighboring hydrogen-bond donor and acceptor, a
special feature e)aplored in medicinal chemistry"” as well as in
organic synthesis”* and fluorescence spectroscopy.®

To study 7-azaindole reactivity, Pd-catalyzed functionaliza-
tions at all positions of 7-azaindole have been successfully
achieved in recent years.” Nevertheless, Pd-catalyzed C—C bond
formations, i.e. arylation through Suzuki cross-coupling reac-
tions® or alternate direct C—H activation,” alkenylation,10 (Heck
or Stille) and Sonogashira alk?rnylation,11 seem to require N-alkyl
or N-sulfonyl protection.””"" C—N bond formation performed
on 7-azaindole appears to be even more challenging. SyAr
displacement reactions have been performed mostly on N-
protected azaindoles, but required strong heating or microwave
activation on either 2-halo-7-azaindoles'” or 4-halo-7-azain-
doles."® Pd-catalyzed cross-coupling of primary and secondary
amines with halo-7-azaindoles have been reported but were
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restricted on the pyridine ring.'* Alternatively on position 2, only
metal-free iodine-promoted amination using a N-sulfonyl
amine " or direct C—H azolation'® were successfully achieved,
but in each case with a very limited scope (one amine) (Scheme
1). Therefore, a more general and suitable method is needed to

Scheme 1. Various Aminations on 7-Azaindole
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give access to original aminated 7-azaindoles, which are also
important scaffolds in medicinal chemistry (Figure 1). Herein,
we wish to report a Pd-catalyzed cross-coupling amination on N-
free 2-chloro-7-azaindole with various primary and secondary
amines.

Our initial efforts to find suitable conditions toward pallado-
catalyzed amination were pursued using 2-chloro-7-azaindole 1a,
prepared in three steps from commercially available 7-azaindole
(see Supporting Information (SI)),"””"* and diphenylamine 2a as
coupling partners, in the presence of different catalyst/ligand
systems (Table 1, entries 1—5). Unfortunately in all cases, no
reaction occurred. Similar findings were reported, with
unsuccessful Buchwald—Hartwig amination on N-free 2-
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Table 1. Optimization of Ligand/Pd Catalysts for C2
Amination of 2-Chloro-7-azaindole 1a with Diphenylamine
2a“

Ligand, Pd source

LHMDS
2a B5°C,16h
entry catalyst (equiv) ligand (equiv)  yield” (%)

1 Pd,dba, (0.1) PPh, (0.1) e
2 Pd,dba, (0.1) XantPhos (0.1) nr.
3 Pd,dba, (0.1) bdCyp? (0.1) nr.
4 Pd(OAc), (0.1) Binap-rac (0.1) nr.
S Pd(OAc), (0.1) CyPF-tBu® (0.1) nr.
6 Pd(OAc), (0.1) RuPhos (0.1) nr.
7 Pd(OAc), (0.1) BrettPhos’  (0.1) 30
8 Pd,dba, (0.1) BrettPhos (0.1) 20
9 BPPCE (0.1) BrettPhos  (0.1) 70
10 BPPC (0.05) BrettPhos (0.05) 70
11 BPPC (0.04) BrettPhos  (0.04) 50
12 BPPC (0.025) BrettPhos (0.025) nr.

“Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), LIHMDS (1.2
mmol, 1 M in THEF), 65 °C, 16 h. bIsolated yield. “n.r. = no reaction.
#dCyp = (2-biphenyl)dicyclohexylphosphine. “CyPE-tBu = Josiphos
ligand. f2—(Dicyclohexylphosphino)—3,6—dimeth0xy—2’,4’,6’—triiso—
propyl-1,1’-biphenyl. *BrettPhos Precatalyst = Chloro[2-(dicyclohexyl-
phosphino)-3,6-dimethoxy-2',4',6'-triisopropyl-1,1’-biphenyl] [2-(2-
aminoethyl)phenyl] palladium(II).

bromo-indole."” Indeed, N-free heterocycles or five-membered
heterocyclic halide electrophiles, like 2- or 3-bromopyrrole, are
known to be notoriously difficult partners in cross-coupling
aminations.”’

To overcome these limitations, we turned our attention to
Buchwald’s recent work dealing with RuPhos and BrettPhos,"’
well-known to be key dialkylbiaryl phosphine ligands for
coupling heteroaryl halides with secondary or functionalized
amines.”' Surprisingly, no reaction took place in the presence of
Pd(OAc), and RuPhos (Table 1, entry 6), whereas the
combination of Pd(OAc), and BrettPhos enabled the amination
with 30% yield (Table 1, entry 7). Interestingly, Pd,dba; can also
be employed with BrettPhos, but gave a lower yield (Table 1,
entry 8). Finally, the combination of a BrettPhos precatalyst
(BPPC) and BrettPhos is the most effective system, providing
the desired product in 70% yield after 16 h (Table 1, entry 9).
This result confirmed the synergy between BrettPhos and BPPC
already mentioned in recent literature.”> Then, we studied
catalyst and precatalyst loadings (Table 1, entries 9—12), and we
found that the optimal quantity of the ligand and palladium
source was S mol % (Table 1, entry 10). Indeed, a further
decrease of catalyst and precatalyst loadings led only to a lower
yield (Table 2, entry 11) or even to no reaction (Table 1, entry
12). Finally, a quick kinetic study showed that the optimal
reaction time was 16 h for C2 amination of la with
diphenylamine 2a (see SI).

Alternative combinations of solvents and bases were studied
(Table 2, entries 2—5),"*"*® but unfortunately no reaction
occurred in any new cases and starting material 1a was recovered.
In our study, first LIHMDS was confirmed to be the best base of
choice for cross-coupling amination of a N-free halohetero-
cycle.”* Second, a smaller quantity of base led only to recovered
starting material (data not shown); thus, at least 2.4 equiv are
necessary for amination, as previously reported in a similar
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Table 2. Optimization of the Reaction Conditions”

BPPC (5 mal %)

e BrettPhos (5 mol %)
G
NTTN L Base (2.4 equiv), Solvent
H 16h
faX=Cl 2a
feX=1
entry X base solvent temp (°C) yield (%)

1 Cl LiHMDS THF 65 70
2 Cl K,CO; t-BuOH 110 nr.
3 Cl t-BuONa PhMe 110 nr.
4 ca  KpPO, DME 110 nr.
S Cl Cs,CO;4 t-BuOH 110 n.r.
6 Cl LiHMDS THF rt n.r.
7 I LiHMDS THF 65 30 (45)°

“Reaction conditions: 2-halogeno-7-azaindole (0.5 mmol), 2a (0.5
mmol), BrettPhos (5 mol %), BPPC (5 mol %), base (2.4 equiv),
solvent (1 mL). “Isolated yield in parentheses of C2—C2 dimer of
azaindole.

work.”® We also observed that cross-coupling amination did not
proceed at room temperature (Table 2, entry 6). Finally, C2
amination of 2-iodo-7-azaindole 1e afforded 3a with only a 30%
yield, along with the C2—C2 dimer of 7-azaindole as a byproduct
with a 45% yield. As expected, while the conversion rate is better,
iodinated starting material is too reactive’® and thus inappro-
priate for performing optimized amination. Therefore, the best
conditions for performing cross-coupling amination of N-free 2-
chloro-7-azaindole 1a with diphenylamine 2a were 1 equiv of 1a
with 1 equiv of 2a in the presence of 2.4 equiv of LIHMDS (1 M
THF), S mol % of BrettPhos, and 5 mol % of BPPC, with stirring
for 16 h at 65 °C.

With optimized conditions in hand, we first investigated the
challenging reactivity of N-free 2-chloro-7-azaindole 1a toward a
wide range of substituted primary anilines (Table 3, entries 1—
12). First, amination of 1a in the presence of aniline 2b afforded

Table 3. Cross-Coupling Aminations of 2-Chloro-7-azaindole
la with Various Substituted Anilines”

= R? SPT%F "Egl %}l %
ik & 2 rettFhos (5 maol
EN&E}_ o /N LHMDS, THE J
M 3 65°C
1a
reaction conversion rate  yield
entry R! R? time (h)  product (%)*® (%)
1 H H 4 3b 100 60
2 0-OMe H 4 3c 100 72
3 m-OMe H 4 3d 100 60
4 p-OMe H 4 3e 70 25
N 0-OH H 4 3f 100 NU
6 0-Me H 4 3g 100 40
7 m-Me H 4 3h 100 16
8 p-Me H 4 3i 100 11
9 pNO, H 16 3 0 0
10 p-NHEt H 16 3k N 22
11 H Et 4 3l 100 60
12 0-OMe Et 16 3m 0 0
13 m-OMe Et 4 3n 100 60
14 p-OMe Et 4 30 100 67
15 pNO, Bt 16 3p 0 0

“Reaction conditions: 1a (0.5 mmol), amine (0.5 mmol), BrettPhos (5
mol %), BPPC (5 mol %), LIHMDS (1.2 mmol, 1 M in THF), 65 °C,
4-16 h. YEstimated conversion rate according to TLC monitoring.
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in such conditions the desired product 3b in 60% yield. We were
satisfied to observe that aniline 2b, and also primary amines 2¢c—i,
required a reaction time of only 4 h to observe complete
disappearance of the starting material (monitored by TLC).
Importantly, it is noteworthy that no degradation was observable
after treatment of the crude product just before purification.
Therefore, differences between conversion rates and yields are
only due to degradation during column chromatography.”” Thus,
we were able to perform aminations of 1a with various anilines
bearing EDG (Table 3, entries 2—8) with good to excellent yields
in most cases. As expected, the best yields were observed with
anilines 2c—f containing substituents with an attractive inductive
and mesomeric donor effect (Table 3, entries 2—S5), while
anilines 2g—i presenting substituents with only an inductive
donor effect gave moderate yields (Table 3, entries 6—8).
Reaction with ortho-aminophenol 2f in our conditions allowed
C—N bond formation selectivity over C—O with an average yield
of 50%. Despite complete disappearance of the starting material,
we were surprised to observe low yields for anilines 2e, 2h, and
2i, whose substituents are p-OMe, m-Me, and p-Me, respectively.
While all compounds are purified by flash chromatography on
previously neutralized silica gel, it appeared that the aminated
derivatives (3e, 3h, and 3i) were even less stable than the other
compounds.

Unfortunately, even after 16 h of reaction time, we were not
able to perform Buchwald—Hartwig cross-coupling reactions
with primary anilines bearing, in the para position, an electron-
withdrawing group (EWG) such as nitro (Table 3, entry 9),
cyano, or ethyl ester (data not shown), and la was totally
recovered.” Our optimized conditions also confirmed the
selectivity of BrettPhos between primary and secondary amines,
using aniline bearing a secondary amine in the para position
(Table 3, entry 10), by giving a selective coupling with the
primary amine, though with a moderate yield of 22% due to the
instability of 3k.**

Then, we investigated the reactivity of a wide range of
substituted secondary amines (Table 3, entries 11—15).
Although secondary amines are known to be challenging
partners for Pd-catalyzed amination,”” performing cross-
coupling aminations with secondary aliphatic-aromatic amines
gratifyingly gave results consistent with those obtained
previously with primary anilines. Indeed, coupling with N-
ethylaniline 21 (Table 3, entry 11) gave a similar result to aniline
2b and afforded the desired compound 3l in 60% yield. Coupling
with meta 2n and para methoxy-N-ethylaniline 20 provided the
desired compounds 3n and 30 in 60% and 67% yields
respectively (Table 3, entries 13 and 14). In contrast, no
reaction occurred between 1a and ortho methoxy-N-ethylaniline
2m (Table 3, entry 12). The hydrogen of the amine and oxygen
of the methoxy group may interact through hydrogen bonding,
forming a stable five-membered ring. Consequently, the
deprotonation step is no longer feasible, as suggested by
Buchwald for the coupling of secondary hindered amines and
ortho-substituted aryl halides.”® As expected, no reaction was
possible using para nitro-N-ethylaniline 2p as a coupling partner
containing an EWG (Table 3, entry 15).

We studied the scope of the reaction with various primary and
secondary amines (Scheme 2). We noted with satisfaction that
coupling para aminopyridine 4a with la was successfully
achieved to give Sa with 62% yield. Indeed, couplings of
heteroarylamines on heteroaryl halides are challenging due to
their low nucleophilicity and their difficulty to undergo reductive
elimination, and they usually required higher catalyst loadings™'
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Scheme 2. Scope of Cross-Coupling Amination of 1a with
Various Primary and Secondary Amines”
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“Reaction conditions: 1a (0.5 mmol), amine (0.5 mmol), BrettPhos (5
mol %), BPPC (S mol %), LIHMDS (1.2 mmol, 1 M in THF), 65 °C,
4—16 h. "Between parentheses, estimated conversion rate according to
TLC monitoring. “50% of la was recovered after column
chromatography. “20 mol % of BPPC and BrettPhos were used for
24 h.

and protection of the heterocyclic NH.*" It is noteworthy to
report that we were able to couple chlorinated azaindole 1a with
aliphatic amines. These amines are known to be difficult partners
requiring high catalyst loadings.”> Butylamine 4b and N-
benzylpiperazine 4f gave 5b and Sf with 65% and 50% vyields,
respectively. Under these conditions piperazine 4g and morpho-
line 4h only gave the desired compounds 5g and Sh respectively
in 8% and 30% yield, even if TCL monitoring indicated complete
conversion of the starting material. Unfortunately, degradation
occurred during coupling of piperidine 4i, explaining the
moderate yield of 18%. No product of coupling Sc¢ was isolated
with benzylamine; however, 1a was completely converted after
16 h of reaction time (TLC monitoring) into a new product
unstable during purification by flash chromatography. We must
emphasize that coupling bulky dibenzylamine 4d gave 5d in 30%
yield, using the classical conditions (and 50% of la was
recovered), and in 42% yield, using a higher catalyst loading
(20 mol %) allowing complete disappearance of la. N-
Methylbenzylamine 4e was successfully coupled to 1a to give
Se in 43% yield. Bulky amines 4d and 4e required a prolonged
reaction time to observe the complete disappearance of la
(monitored by TLC), due to steric hindrance that slows the
binding of the obtained species after the oxidative addition. The
use of la can therefore be regarded as providing 2-amino-7-
azaindole as a key scaffold. However, the preliminary attempts of
debenzylation have been at this time unsuccessful (see SI).

In conclusion, we explored the scope and the limitations of an
efficient palladium-catalyzed amination of N-free 2-chloro-7-
azaindole, easily available in three steps. This methodology
provides quite efficient access to a large variety of 2-amino-7-
azaindoles with a wide primary and secondary amine scope.
These conditions provided selectivity on one hand for C—N
bond over C—O bond formation and on the other hand for
coupling a primary over a secondary amine. We were able to
access new 2-substituted amino-7-azaindole scaffolds, and
further insight into biological evaluations of these analogs is
being pursued.
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