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An intermolecular C-H functionalization method has been
developed for the synthesis of 3-hydroxy-2-oxindoles. Rh(III)-
catalyzed /V-nitroso-directed C-H addition to ethyl 2-
oxoacetate  allows subsequent denitrosation-triggered
cyclization construction of 3-hydroxy-2-oxindoles. The
method features a broad substrate scope and its synthetic
utility is demonstrated on the synthesis of target compounds
bearing functional groups (hydroxyl, bromo) amenable to
further elaboration.

3-Hydroxy-2-oxindole scaffold represents a core unit of structurally
diverse medicinal agents (e.g., convolutamydines,' maremycins,’
donaxaridine,” and SM-130686") with a wide spectrum of biological
activities (e.g. antioxidant,® anticancer,® anti-HIV,’ and neuroprotective
properties®). In spite of tremendous progress in the development of
synthetic tools for this important scaffold, an efficient and general
protocol is still in demand.**® Traditional methods for the generation of
3-hydroxy-2-oxindoles include those starting from isatins and 2-

oxindoles,
0

and recently, protocols via intramolecular cyclization

routes.'” The classical isatin and 2-oxindole synthetic methods
(Sandmeyer, Stolle, Gassman, and Hinsberg protocols) either are
limited in substrate scope or require the use of specially designed
reagents. In addition, environmentally toxic side products (HCN) and
reactants (HgO) can be involved.'” '® The intramolecular cyclization
methods need the pre-installation of reactive functional groups. We
envisioned a more straightforward protocol for the synthesis of 3-
hydroxy-2-oxindoles through an intermolecular C-H functionalization
process. Such a protocol is especially useful considering recent
discovery of nucleophilic, enantioselective reactivity of hydroxyl-
bearing C3 for the construction of tetrasubstituted stereogenic centers
directly from 3-hydroxy-2-oxindoles.*” '' We recently reported the
Rh(1IT)-catalyzed N-nitroso-directed C-H addition to ethyl 2-oxoacetate,
which has a broad functional tolerance as well as easily removable
directing group (eq. 1),'* and with C-H functionalization products 1a-

1w in hand, we envisaged, upon the denitrosation of N-nitroso group, a
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synthetically viable route to 3-hydroxy-2-oxindoles through an

intramolecular ester-amide exchange process."
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Figure 1 The structures of convolutamydines, maremycins, donaxaridine, and
SM-130686
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Denitrosation has been previously demonstrated on N-nitroso-directed
olefination products under a variety of experimental conditions (e.g.,
NiCl,*H,0/NaBH,, Fe(CO)s, Raney Ni/H,, CuCI/HCI)."> Among those,
only Raney Ni/H, can effect the high-yield (95%) transformation of 1a
into 3-hydroxy-1-methylindolin-2-one (2a, as confirmed by single-
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crystal analysis, Table 1), at rt. A substrate scope investigation indicates
that the Raney Ni/H, condition is compatible with a pool of the C-H
functionalization products. The steric hindrance of the substituent on
the N atom affects the conversion efficiency. Thus, substrates bearing
less hindered Me and Et groups can be transformed with product yields
of 95%, substrates with larger ‘Pr and Ph groups only furnish products
with yields of 65% and 78%, respectively (2a-2d, Table 1). And the
conversion of a substrate with the Me group on the ortho, para, or meta
position is almost quantitative (98%, 98%, and 97% respectively, 2e, 2g,
and 2ja, Table 1). For a substrate bearing an ortho- or para-substituted
OMe group, the product yield is slightly lower (2f: 87%; 2i: 88%). The
substitution of a OMe group on the meta position provides a less
effective substrate (2ka: 79%; 2kb: 76%). A yield of 77% was obtained
when the substrate possessing a large Ph group (2h) on the para-
position was subjected to this reaction condition. Furthermore, for the
disubstituted arenes 21, a good yield (89%) was also observed.

Table 1 Substrate scope under Raney Ni/H, condition®”

| ,R1
A NG Raney Ni, H, XN
2 11 2 1
R0 OEt R o
N MeOH, rt, 4h
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0 o
o
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2g: R?>=Me, 98% 2kb: 76%
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21: 89%

2ja: R>=Me, 97%
2ka: R2=0OMe, 79%

“Conditions : 1a-11 (0.2 mmol), Raney Ni (4 mmol), H, (1 atm), MeOH (2

dimerization process. The dimerization proceeds presumably, with
oxygen as the initiator, through a radical pathway as reported

previously.** 4
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Further inspection of the substrate scope revealed that halogen
substituents were not tolerated on account of their susceptibility to
cleavage by hydrogenolysis. Thus, a chloro-bearing substrate (e.g., 1q)
furnishes a mixture of chloro-retained 2q and chloro-removed 2q-dcl
products (with a combined total yield of 90%, 1:0.3, Scheme 1); and a
higher reactivity for the bromo group (e.g., 1r) results in its complete
removal (with a yield of 88%, Scheme 1).
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Scheme 1 Denitrosation reactions under Raney Ni/H, condition for substrates
bearing Cl and Br substituents

Since N-nitrosamines could be prepared by amines with an acidic
nitrosation reagent, HNO, (an instable species generated with NaNO,
and HCI), we envisioned that denitrosation could be effected,
analogously through a reverse process, by the utilization of an acid for
the cleavage of N-N bond (eq. 3)."* To enable the occurrence of such a
hydrolysis process, a strong acid should be used in combination with a
relatively strong nucleophile, such as CI'. In addition, the use of a “trap”
for the hypothetical species HNO, would be advantageous for driving

c

the reaction toward the denitrosation direction,'*® as such a chemical

equilibrium between N-nitrosamines and amines should favor the amine

mL). “Isolated yields. ‘CCDC-1016276, thermal ellipsoid plot drawn at the 30% products.'® After the screening of many kinds of “traps” for HNO,

probability level and Hydrogen atoms omitted for clarity.

In contrast, with 2a as the model substrate, a reaction in CuCl/HCI and
a subsequent workup by neutralization with Na,CO; affords an
undesired dimeric product (2a-dim, eq. 2). Under this condition,
denitrosation reaction occurred, but this was quickly followed by a

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

(Fe(I)-EDTA, Ni(II), Co(1I), Cu(l), Ag(I), H,NSOsH, and H,NCONH,)
we were lucky to found that a switch of reaction condition to
HCI/H,NSO;H (with H,NSO;H as a HNO, trap)"* allows the
circumvention of this constraint and renders halogen substituents
compatible. Thus, substrates bearing halogen substituents (F, Cl and Br)

on the ortho position of arene were successfully converted into 3-
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hydroxy-2-oxindoles with yields of 68%, 97%, and 67%, respectively
(2m-20, Table 2). When F and Br are on the para position, the
conversion was even better (95% and 96% for 2p and 2r, respectively).
However, a Cl substituent on such a para position provides a less
effective substrate (2q: 82%). And the yields for the substrates with
substituents on the meta position are also generally good (76%, 85%,
and 81% for 2t-2va, respectively). It is worthwhile pointing out that a
substrate bearing a nitro (1s) or an acetal (1w) group can also undergo
the transformation smoothly under this condition, albeit with moderate
yields (56% and 45%, respectively).

H30*

R'R2NNO  + H,0 R'R2NH + HNO, (3)

Table 2 Substrate scope under HCI/H,NSO;H condition®”

R! R
N_ O N
N N HCI (conc.), HoNSO3H X
R* - OFt R ©
= c MeOH/H,0, rt, 8h =
I
OH O OH
Tm-1w 2m-2w
RZ e Me
/
N N
o o]
R2
OH OH

2m: R?=F, 68%
2n: R2=Cl, 97%
20: R2=Br, 67%

2p: R?=F, 95%
2q: R?>=Cl, 82%
2r: R?=Br, 96%
2s: R?=NO,, 56%

M M 0
r2 e e HO,
N N
o+ o o N~Me
OH R2 OH o
a b

2ta+2th: R?=F, 76% (1:0.2)
2ua+2ub: R?=Cl, 85% (1:0.1)
2va: R?=Br, 81%

2w: 45%

“Conditions : 1m-1w (0.2 mmol), HCI (conc., 1 mL), H,NSO;H (1 mmol),
MeOH (1 mL), H,0 (1 mL). *Isolated yields.

With the substrate scope examined, we next turned to the evaluation of
the synthetic utility of this 3-hydroxy-2-oxindole synthesis protocol. To
this,
functional groups (OH and Br) at the N-alkyl chain ends, which are

demonstrate two 3-hydroxy-2-oxindole compounds bearing
amenable to a variety of transformations, were selected as targets
(Scheme 2). Starting from the simple compound 4-iodotoluene, t1 and
t2 can be obtained effectively,12 and under the HCI/H,NSO;H
developed herein, t3 and t4 can be furnished in 54% and 61% yields,
respectively. Significantly, both OH and Br groups are robustly retained

through this cyclization process.

Conclusions

This journal is © The Royal Society of Chemistry 2012
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In conclusion, we have developed a two step synthetic method that
permits straightforward access to 3-hydroxy-2-oxindoles scaffold
through an intermolecular C-H functionalization process. N-nitroso-
directed C-H addition to ethyl 2-oxoacetate allows the construction of a
molecule containing reactive directing group and installed group, which,
under denitrosation condition, enables the synthesis of cyclized target
product. Given the functional group tolerance of this protocol, we
expect that the method can be applied in the synthesis of structurally
complex molecules and used for structure-activity relationship studies.
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Scheme 2 Synthetic utility of the developed protocol

Conditions: (i) t1 (or t2) (1.0 mmol), HCI (5 mL), NH,SO;H (5.0 mmol),
MeOH (5 mL), H,O (5 mL), rt, 24 h; (t3, 51%; t4, 64%).
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