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Abstract 3-Amino-2-oxindole derivatives are a common framework
found in many natural products and medicinal compounds and thus
their synthesis is of significant importance. We report for the first time
a one-pot approach for the synthesis of these compounds, using a
borylation/intramolecular asymmetric arylation sequence starting from
ortho-bromo-a-ketimino amide derivatives. Pd(OAc), was used as the
pre-catalyst along with (R)-BINAP as the chiral source. We successfully
obtained a family of 3-phenyl-3-(aryl-amino)-indolin-2-one derivatives
(11 in total) with excellent yields (up to 98%) and enantioselectivities of
up to 76% ee. The reaction is versatile and tolerant of a wide range of
functional groups.

Key words oxindoles, intramolecular, bis(pinacolate)diboron, palladi-
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The oxindole framework, bearing a tetrasubstituted
quaternary carbon stereocenter in the 3-position, is a privi-
leged and common substructure found in numerous natu-
ral products and biologically active molecules.! Our group
has particular interest in the synthesis of 3-amino-2-oxin-
doles due to their presence in promising drug candidates,
particularly for cancer and neurodegenerative diseases.?
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Very recently we reported an interesting Rh-catalyzed ad-
dition of arylboronic acids to isatin-derived N-Boc-protect-
ed ketimines to afford novel 3-amino-3-aryl-2-oxindoles in
very good yields. Notably, this was the first catalytic enanti-
oselective procedure with this substrate type.? Although
some methods have been described in the literature,*> we
have investigated a novel one-pot borylation/intramolecu-
lar cyclization to give 3-amino-2-oxindoles. Although
transition-metal-catalyzed (Rh, Pd) arylation of protected
ketimines using arylboron reagents is a well-established
methodology for obtaining chiral amines, particularly tetra-
substituted quaternary centers;® there has been very little
reported on the intramolecular version. Besides our own re-
port, the only other report is that of Ley and co-workers
who disclosed an intramolecular arylation on a ketimine to
afford oxindoles with an o-tertiary amine at the 3-posi-
tion.” The methodology is interesting but limited to one
type of ketimine substrate and also to one chiral phosphane
ligand, namely (R)-DifluorPhos.

With our interest in this field,® we decided to use our
experience to develop a new efficient methodology to ac-
cess enantiomerically pure 3-amino-2-oxindole derivatives
2 (Scheme 1).
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Scheme 1 Intramolecular borylation/arylation of ortho-bromo-a-ketimino amides 1 to give 3-amino-2-oxindoles 2
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ortho-Bromo-a-ketimino amides 1 were synthesized
according to the literature,”? from cheap and easily accessi-
ble phenylglyoxylic acid (Scheme 1). Our first approach was
to borylate substrate 1a folllowing the well-established
conditions reported by Miyaura and co-workers,'% using
bis(pinacolate)diboron (B,Pin,) as the boron source, and
1,4-dioxane instead of dimethylsulfoxide (DMSO) as sol-
vent. Gratifyingly we obtained the corresponding cyclic ox-
indole product 2a in 86% yield (Scheme 2) and presume that
the boronic ester was formed in situ and then underwent
cyclization.

We also tested the borylation conditions reported by
Colobert and co-workers,'% using Pd(OAc), and DPEPhos li-
gand, pinacolborane (HBPin) and NEt; as base, and the cy-
clic compound 2a was obtained in 64% yield, with only the
presence of vestigial amounts of the borylated intermedi-
ate. We decided to study in depth this interesting reaction,
where apparently the same Pd catalyst was able to catalyze
the borylation of the C-Br bond carbon and the cyclization
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Scheme 2 One-pot borylation of 1a to 2a

onto the C=N unit.!" We then decided to optimize the reac-
tion conditions and study the reaction scope. The results
can be seen in Table 1.

Table 1 Chiral Ligand Screening in the One-Pot Borylation/Intramolecular Arylation Reaction of Substrate 1a?

Me
1’

(Lo

l!l l Pd(OAc), (5 mol%)
@[ \[H\© +BoPiny Chiral Ligand (10 mol%) o
ar (11 equiv) K0Ac1 g) ioc':m;\);el ;:Ii-gdt::xane ©/ O
1a ’ 2a

Entry Chiral ligand Conversion (%)° ee (%)><
1 (R)-BINAP >99 68 (5)
2 (R)-Tol-BINAP >99 37(5)
3 (R)-SegPhos 72 29 (S)
4 (R,R)-ChiraPhos 83 18 (S)
5 (S)-iPr-MeOBIHEP 99 15(R)
6 (S.5)-BDPP 98 16 (R)
7 (R)-PhanePhos 65 <10
8 (R)-DifluorPhos >99 23 (S)
9 (S)-JosiPhos 67 <5
10 JosPOPhos 14 23 (R)
1 (R,R,S,S)-DuanPhos 33 21(5)
12 (R)-MonoPhos <10 <5(S)
13 (R)-Diox-MonoPhos 93 58 (R)
14 (R.R)(+)-Box 14 <10
15 (R)(+)-PyBox <10 <10
16 (S,5)-diene <10 <5

3 Reaction conditions: Pd(OAc), (5 mol%), chiral ligand (10 mol%; see Supporting Information for structure details), and 1,4-dioxane (1 mL) were stirred for 30
min at room temperature. After that, 1a (0.25 mmol), B,Pin, (0.28 mmol), and KOAc (0.76 mmol) were added sequentially to the reaction vessel. Additional 1,4-
dioxane (1 mL) was added, and the reaction mixture stirred at 100 °C for 18 h.
b Determined by chiral stationary phase HPLC (see Supporting Information for further details).

¢ The absolute configuration of 2a was determined using X-ray crystallography (see Supporting Information for further details).

© Georg Thieme Verlag Stuttgart - New York — Synlett 2018, 29, 497-502



Synlett C.S. Marques et al.

Several chiral phosphane ligands were screened (Table
1, entries 1-11) and, in general, excellent to moderate con-
versions were achieved. Almost full conversion into 2a was
obtained using BINAP ligands,'? (S)-iPr-MeOBIHEP, (S,S)-
BDPP, and (R)-DifluorPhos’ (Table 1, entries 1, 2, 5, 6, and 8,
respectively). Very low conversion was obtained with the
phosphane-oxide ligand JosPOPhos (Table 1, entry 11).
Phosphoramidite-type ligands'® were also screened (Table
1, entries 12 and 13), but despite (R)-MonoPhos giving very
poor results, the analogous phosphane ligand (R)-Diox-
MonoPhos gave much better results (Table 1, entry 13). We
also screened bisoxazoline ligands'4 (Table 1, entries 14 and
15), but these were not very efficient. A chiral diene li-
gand’® containing a bicyclo[2,2,2]octa-2,5-diene core gave
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the product in only trace quantities (Table 1, entry 16). Re-
garding the enantioselectivity, the best values were ob-
tained using (R)-BINAP ligand (68% ee, Table 1, entry 1) and
the phosphoramidite type (R)-Diox-MonoPhos (58% ee, Ta-
ble 1, entry 13). An X-ray crystal-structure determination
on compound 2a'é (see Supporting Information), showed
that it had the S absolute configuration, which is in agree-
ment with the results of Ley’s group’ for an analogous sys-
tem. We decided to run further reaction screenings using
Pd(OAc), and (R)-BINAP to optimize the conditions further.
Boron reagent, base, and solvent were screened in this new
one-pot borylation/intramolecular arylation reaction using
substrate 1a. The results are shown in Table 2.

Table 2 Boron Reagent, Base and Solvent Screening in the One-Pot Borylation/Intramolecular Arylation of 1a2

Me i

i '

o OO

Pd(OAc), (5 mol%) s)/~° : PPh,
+ [Boron (R) BINAP (10 mol%) PPh
Reagent] Base, Solvent NH H ?
60 °C and 100 °C, 18 h
2a ' (R)}-BINAP
Entry Boron reagent Base Solvent Conversion (%)° ee (%)°

1 HBPin KOAc dioxane 54 76
2 B,(cat), KOAc dioxane 77 68
3 B,(npg), KOAc dioxane 97 68
4 B,(OH), KOAc dioxane 63 57
5¢ HBPin KOAc dioxane 99 60
6 B,Pin, Cs,C04 dioxane 90 47
7 B,Pin, NEt; dioxane <10 67
8 B,Pin, KOtBu dioxane 99 30
9 B,Pin, K,CO; dioxane 91 18
10 B,Pin, K5PO, dioxane 87 15
11 B,Pin, DIPEA dioxane 53 44
124 B,Pin, KOAc CH,Cl, <1 n.d.
13 B,Pin, KOAc toluene 86 36
14 B,Pin, KOAc CH4CN 12 26
15 B,Pin, KOAc DME 45 75
16 B,Pin, KOAC DCE <1 n.d.s
17 B,Pin, KOAc THF 19 38
18de B,Pin, KOAc MeOH 31 10
194f B,Pin, KOAc dioxane 24 44
20f B,Pin, KOAc toluene 99 21

2 Reaction conditions: Pd(OAc), (5 mol%), (R)-BINAP (10 mol%), and solvent (1 mL) were stirred for 30 min at room temperature. After that, 1a (0.25 mmol),
Boron reagent (0.28 mmol), and base (0.76 mmol) were added sequentially to the reaction vessel. Additional solvent (1 mL) was added and the reaction mixture

stirred at 100 °C for 18 h.

b Determined by chiral stationary phase HPLC (see Supporting Information for further details).

¢ Reaction run with 0.53 mmol of HBPin.

4 Reaction run at 60 °C.

¢ Pd(OAc), and (R)-BINAP were pre-stirred in CH,Cl,.
fPd(OAC), and (R)-BINAP were pre-stirred in DME.
9n.d. = not determined.
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As HBPin had already been shown to be successful in this
reaction by Colobert and co-workers,'® we decided to test
this boron reagent with the chiral (R)-BINAP ligand (Table 2,
entries 1 and 5). Gratifyingly, we obtained a higher enantiose-
lectivity (76% ee, compared with 68% using B,Pin,, compare
Table 2, entry 1 with Table 1, entry 1), although the conver-
sion was lower. We decided to increase the quantity of HBPin
to 2.1 equivalents and almost full conversion of 2a was ob-
tained, despite a slight decrease in ee (Table 2, entry 5). Other
commercially available diboron reagents, such as arylboro-
nate esters and acids,'” were also evaluated (Table 2, entries
2-4). We speculated that the steric bulk of the
tetra(alkoxy)diboron reagent might play an important role in
the reaction, but no significant alterations in conversion and
enantioselectivity were noted when the less sterically hin-
dered bis(neopentyl glycolato)diboron (B,(npg),) was used
(Table 2, entry 3). Less expensive tetrahydroxydiboron
(By(OH),) was also tested, but lower conversions were
achieved (Table 2, entry 4). The same happened with bis(cate-
cholato)diboron (B,(cat),). There was no change in the
enantioselectivity but the conversion only reached a maxi-
mum of 77% (Table 2, entry 2). We decided to conduct a base-
screening study, maintaining the other reagents, ie.,
(Pd(OAc), and (R)-BINAP) and B,Pin, (Table 2, entries 6-11).
Generally, organic bases such as NEt; and N,N-diisopropyl-
ethylamine (DIPEA) are not the best choice for this reaction,
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since low conversions of 2a were obtained (Table 2, entries 7
and 11). High conversions were obtained with the inorganic
bases Cs,CO;, KOtBu, and K,CO; (Table 2, entries 6, 8, and 9,
respectively). Unfortunately, there was no improvement in
the reaction enantioselectivity. Finally, we decided to evaluate
the effect of the solvent (Table 2, entries 12-20). None of the
desired product 2a was obtained using chlorinated solvents
such as CH,Cl, and 1,2-dichloroethane (DCE, Table 2, entries
12 and 16). We conducted the same reaction with CH,Cl, in a
sealed tube at 100 °C and again no product 2a was obtained.
For good conversions, apolar aprotic solvents were the best.
For example, toluene afforded the product with a conversion
of 86% (Table 2, entry 13), albeit with low enantioselectivity.
However, upon using 1,2-dimethoxyethane (DME) as solvent,
an enantioselectivity of 75% ee was obtained, despite a low
conversion (Table 2, entry 15). So, we decided to use DME in
the pre-complexation step between the Pd(OAc), and (R)-
BINAP and then run the reaction in dioxane and toluene, after
evaporation of the DME (Table 2, entries 19 and 20, respec-
tively). No significant variations were observed in the conver-
sions and enantioselectivities. At this point we established
the following conditions to be the optimized conditions for
this reaction: Pd(OAc), and (R)-BINAP as ligand, B,Pin, as the
boron source, KOAc as base, and dioxane as the solvent (see
Table 1, entry 1).1® The next step was to study the reaction
scope and this study is shown in Scheme 3.
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Scheme 3 One-pot borylation/intramolecular asymmetric arylation reaction on ortho-bromo-a-ketimino amide substrates 1-k affording 3-amino-

2-oxindoles 2-k
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In general, moderate to very good yields were obtained
using substrates containing both electron-rich and elec-
tron-deficient substituents. The best yield was obtained
with 1c¢ - containing a CF; electron-withdrawing group - to
give 2c, in a yield of 98% (Scheme 3). The yield decreased
slightly, when halogen substituents were present as the R!
substituent in the substrate (see, for example, compounds
2b,d,e). When several halogen substituents (C, F, Br) were
present in the same ring no reaction occurred. We believe
that in the borylation step, there is competition between
these sites and the ortho-Br site for the boron unit.'® When
we conducted the reaction with 1e it gave a mixture of 2d
and 2e, which would be expected (Scheme 3). Unfortunate-
ly, it was impossible to separate the two isomers by silica
gel chromatography. Low enantioselectivities were ob-
served for compounds 2b,d,e,i j,k, the best being 43% ee (2i,
Scheme 3). Unfortunately, the only R? substituents that we
could introduce into the imine phenyl unit were the elec-
tron-donating 4-OMe and 4-OH groups (as in 1g and 1h).
However, gratifyingly both 2g and 2h were obtained in very
good yields, despite giving low enantioselectivities (Scheme
3).In the case of functionalization of the amide (substituent
R3) we could only manage to introduce a benzyl group as is
the case for 1f (Scheme 3). The product 2c was obtained in
high yield and low enantioselectivity (87% and 31% ee, re-
spectively). Since the absolute configuration of 2a was de-
termined, all of our products 2b-k are expected to have the
same S configuration.

In conclusion, we have developed a catalytic approach to
the synthesis of chiral 3-amino-2-oxindoles in high yields
and good enantioselectivities using a hitherto unknown
one-pot borylation/intramolecular asymmetric arylation
sequence.
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