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Derivatives from N-Aryl-a-diazo-B-keto Amides
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Abstract A novel [Rh2]/Xantphos-catalyzed one-pot sequence for the synthesis of diverse 3-acyl-3-allyl oxindole derivatives
from easily available N-aryl-a-diazo-f-keto amides and allylic compounds has been developed. The notable features of this
work include ease of operation, mild reaction conditions, good functional group compatibility and facile diversification of the
products. Preliminary mechanistic studies indicate a tandem carbene-induced C—H functionalization and Rh(II)/Xantphos
catalyzed allylic alkylation process. Moreover, the choice of Xantphos as the ligand is critical to enable the allylic alkylation
process in this catalysis.
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1 Introduction products and pharmaceuticals (Figure 1).[Y Therefore, a
variety of methods have been developed for the construc-

Oxindole motif is a privileged heterocyclic skeleton tion of these important scaffolds.””! In addition, the func-
pervasively encountered in the field of medicinal chemistry tional groups on the fully substituted C(3)-site of the ox-
and is an important synthon in the total synthesis of natural indoles often significantly affect their biological activity.
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Notably, the synthesis of allylic derivatives from simple,
readily available starting materials is an important research
topic in synthetic organic chemistry, due to the high versa-
tility of the allylic moiety for further functionalization.l!
Despite the great importance of allylic units in organic
synthesis, the synthesis of oxindoles bearing allylic C(3)-all
carbon quaternary centers is rare and remains a challenge,
probably because of the increased steric hindrance en-
countered during the carbon-carbon bond formation. Thus,
the development of new and efficient methods for the con-
struction of this type of important structures is highly de-
sirable to fully exploit biological potential of 3,3'-disub-
stituted oxindoles.
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Figure 1 Selected examples of natural products and biological-
ly active molecules

Transition metal-catalyzed intramolecular C—H inser-
tion of diazo compounds has been emerged as a powerful
tool for the synthesis of hetero- and carbocycles.[**! Espe-

(a) Ru(Il)/Pd(0) dual catalysis

cially, dual-catalysis has been emerged as an elegant strat-
egy in the transformation of N-aryl a-diazo amides for the
construction of 3,3'-disubstituted oxindoles frameworks.!
Remarkably, Hu and coworkers developed a synergistic
dual-catalysis strategy consisting of Rh(II)-carbene-in
duced C—H functionalization and subsequent electrophilic
trapping by a chiral phosphoric acid-activated imine,
whereby enantioselective synthesis of 3,3'-disubstituted
oxindoles was achieved.[®"] Nevertheless, the construction
of 3,3'-disubstituted oxindoles bearing an allylic C(3)-all
carbon quaternary center through the reaction of diazo
compounds remains elusive.”™ In 2016, Lautens and
co-workers disclosed a cross-compatible Ru(II)/Pd(0) dual
catalysis system to promote the divergent reaction of
N-aryl a-diazoamides (Scheme 1a),’® wherein Ru(ID)-
associated oxindole enolate intermediate generated from
Ru(II)-catalyzed intramolecular C-H insertion can undergo
Pd(0)-catalyzed asymmetric allylic alkylation to selective
construction of 3-allyl-3-aryl oxindoles. Later on, Ji and
Chen et al.U™ and Xuan and Lee et al.U"* respectively re-
ported a new Rh(II)/Pd(0) dual-catalysis system that ena-
bled C—H functionalization and allylic alkylation cas-
cades under mild conditions (Scheme 1b). In their work,
allylic alkylation of Rh(II)-associated enolate intermediates
(in situ formed from N-aryl-a-diazo-f-keto amides) with
n-allyl Pd(II) intermediates proceeded in a chemo-selective
manner to afford 3-allyl-3-acyl oxindoles. Despite these
advancements through dual catalysis, it is still highly de-
sirable to develop a new catalytic method for the synthesis
of 3,3'-disubstituted oxindoles with allylic C(3)-all carbon
quaternary centers.

As our continuous interest in MCRs under a novel dir-
hodium(II)/diphosphine catalytic system,['%!?! we herein
report a Rhy(Oct)s/Xantphos-catalyzed selective C—H fun-
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Scheme 1 Routes toward oxindoles bearing allylic C(3)-all carbon quaternary centers
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ctionalization of N-aryl-a-diazo-f-keto amides and subse-
quent allylic alkylation with allylic compounds under mild
reaction conditions, affording various 3-allyl-3-acyl oxin-
dole derivatives in good yields (Scheme 1c). Additionally,
the salient features of this methodology include readily
available starting materials, mild reaction conditions, ease
of operation and potential opportunities for structural di-
versification. Furthermore, controlled experiments indicate
that the Xantphos plays a vital role in enabling the allylic
alkylation process in this novel catalysis.

2 Results and discussion

In our initial studies, the readily available N-aryl-a-diazo-
p-keto amide (1a) and allyl ethyl carbonate (2a) were se-
lected as the model substrates to survey practical reaction
conditions. As shown in Table 1, the reaction of the two
substrates in the presence of Rhy(Oct)s, Xantphos and
Cs,CO; in dichloroethane (DCE) at 50 C for 6 h gave the
target product 4a in 51% yield. However, 4a was not ob-
served without using any base additives, instead 3a was
afforded in 83% yield (Entries 1, 2, Table 1). Following
these results, various base additives were then tested and
KOACc was identified as amongst the best additive by facil-
itating the formation of 4a in 74% yield (Entry 3, Table 1).
Additionally, solvents were also critical. The replacement
of DCE with PhCF; further increased the yield to 88%
(Entry 4, Table 1). Notably, other Rh(II) precursors such as
Rhy(OAc)s or Rhy(TFA)4, provided 4a in much lower yields
(0~7% yields, Entries 5, 6). When using Rh(COD)»(BF,)
as catalyst under otherwise identical conditions, the reaction
cannot proceed (Entry 7). These results indicated that rho-
dium catalyst precursors play an important role in this re-
action. Furthermore, brief ligand screening including
BINAP, dppb, PPhs, and Pr-NHC [1,3-bis(2,6-diisopro-
pylphenyl)imidazolium chloride] showed obvious ligand
effects, and Xantphos was found to be optimal (Entry 4 vs.
Entries 8~11). Next, the reaction temperature was also
investigated, and raising or lowering temperature slightly
decreased the yield of the product 4a to 83% or 84%, re-
spectively (Entries 12, 13). Remarkedly, the control ex-
periments demonstrated the essential role of Rhy(Oct)s and
Xantphos in this catalytic system (Entries 14, 15).

With the optimal conditions in hands, the substrate
scope of N-aryl-a-diazo-f-keto amide 1 was investigated.
As depicted in Table 2, this catalytic system showed a good
tolerance for diverse substituents with different steric hin-
drance and electronic properties on the aromatic ring. The
reaction of ortho-methyl substituted substrate 1b provided
lower yield than that of 1a (59% vs. 88% yield), probably
due to the steric effect on the ortho-position of phenyl
moiety. Additionally, substrates (1c~1e) with para elec-
tron-donating substitutes (including Me, ‘Bu, OMe) on the
benzene ring were also competitive coupling partners in
this reaction, giving the corresponding products in con-
sistently good yields (74%~86% yields). Remarkably, the
substrates with para-fluoro (1f), chloro (1g), and bromo

3392 http:/sioc-journal.cn/

Table 1 Optimization of the reaction conditions”

@E )k?)K Noco,Et R cat. L
Base, Solvent
T

) Yield®/%

Entry [Rh] cat. Ligand Base Solvent 3a ta
1 Rha(Oct)s Xantphos Cs2CO3; DCE — 51

2 Rha(Oct)4 Xantphos — DCE 33 0

3 Rha(Oct)4 Xantphos KOAc DCE — 74

4 Rh2(Oct)s  Xantphos KOAc PhCF; — 88

5 Rh2(OAc)s Xantphos KOAc PhCF; — <1

6 Rhy(TFA)s Xantphos KOAc PhCFs — 7

7 Rh(COD).BFsXantphos KOAc PhCF; N.R. N.R.:<

8 Rhz(Oct)s BINAP KOAc PhCFs — 9

9 Rh2(Oct)s dppb KOAc PhCF; — 7

10 Rhz(Oct)s PPhs KOAc PhCFs — <5
11 Rhy(Oct)s  Pr-NHC? KOAc PhCF; — <5
12¢ Rha(Oct)4 Xantphos KOAc PhCFs — 83
13/ Rho(Oct)s  Xantphos KOAc PhCF; — 84
14 — Xantphos KOAc PhCF; — N.R.
15 Rha(Oct)s — KOAc PhCFs — N.R.

© 2022 Chinese Chemical Society & SIOC, CAS

41a (0.2 mmol), 2a (0.30 mmol), [Rh] catalyst (1.0 mol%), L (2.0 mol%), base
(1.5 equiv.) in solvent (2.0 mL) at 50 ‘C under Ar for 6.0 h. ?Yield was de-
termined by 'H NMR analysis of the crude mixture using nitromethane as an
internal standard. ¢ N.R.=no reaction. ¢ 'Pr-NHC = 1,3-bis(2,6-diisopropyl-
phenyl)imidazolium chloride. ¢ At 30 C./At70 C.

(1h) on the phenyl moiety were also reactive in moderate
to good yields (55%~80%), and the halogen substituents
were well tolerated, thus offering their potential further
transformation into more complex structures valuable in
drug discovery. Furthermore, 3,5-dimethoxy substituted
phenyl compound (1i) also worked well in this reaction
under the standard conditions, delivering the corresponding
multi-substituted product 4i in 60% yield. Notably, the
reaction of substrate 1j bearing a meta-Me group on the
phenyl ring led to a 60 : 40 mixture of two regio-isomers
(4j and 4j") in 84% total yield.

Subsequently, the substrate scope of allylic compounds 2
bearing different leaving groups was evaluated. As shown
in Table 3, all the tested allylic alcohol esters 2b~2¢ with
different leaving groups transformed smoothly in this reac-
tion under the standard conditions, furnishing the desired
product 4a in moderate to good yields (60%~ 84%). In
addition, allylic halides (2e~2g) were also applicable to
this reaction and delivered the target product 4a in 50%~
85% yields. Unfortunately, the reaction of 2-Me or 3-Ph
substituted allylic compounds failed to give the corre-
sponding products. Instead, compound 3a was observed as
the major product in these cases.

Chin. J. Org. Chem. 2022, 42, 3390~3397
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Table 2 Scope of N-aryl-a-diazo-f-keto amide 1¢

RS Ho o
_| Standard conditions
2N * N“"0cooEt
|
N
1 2 2a
0 o 0 0
Y % Y Y
Me Bu
o) 0 o) o)
N N\ N N
\ Me \ \
4a, 88% 4b, 59% 4c, 86% 4d, 75%
0 0 0 0
7 V. 7 7
MeO F cl Br.
o) o) o) o)
N N N N
\ \ \
de, 74% 4, 76% 4g, 80% 4h, 55%
0 : o) 0 :
MeO Y E Y Me Y '
| . |
o) | o) o) |
M N : N N :
eO \ : Me \ \ :
4i, 60% ; 4 4% (60:40) 4y ;

..................................................

“Unless otherwise noted, all reactions were carried out using 1 (0.3 mmol), 2a (0.45 mmol), Rhy(Oct)s (1.0 mol%), Xantphos (2.0 mol%) and KOAc (1.5
equiv.) in PhCF; (2.5 mL) under Ar at 50 ‘C for 6.0 h. Isolated yields of the products are reported.

Table 3 Scope of allylic compounds 2¢

important 2,3-disubstituted indole 7 in 75% yield.!'"¥ Fi-
nally, the ring-closing metathesis of 7 with Grubbs-II cat-

(0]
0 alyst delivered the synthetically challenging dihydrocar-
© N 7 bazole derivative 8 in 76% yield
2 S Standard condition y '
S ’
N
1a 2 4 Bt~ NBS,EtOLi
o THF, r.t. AIIyIMgBr
U il | N THF, rt.
+ Unsuccessiul exampies 70% vield
/\/OYO\ /\/0| : 5 \ (]
o) 88% yield
OO~ /
2b 84% 2e 85% hig
O o Grubbs-II catalyst
B —
E( A 2h 0% o _AllyIMgBr A\ DCM, 50 °C
2c 60% 2f 50% N THF, rt. N
75% yield
/\/OTO\/\ Ph\/\/oj( 6 byie
I
S NS ) o)
2i 0%
2d 70% 29 75%

4Unless otherwise noted, all reactions were carried out using 1a (0.3 mmol), 2
(0.45 mmol), Rhy(Oct)s (1.0 mol%), Xantphos (2.0 mol%) and KOAc (1.5
equiv.) in PhCF; (2.5 mL) under Ar at 50 C for 6.0 h. Isolated yields of the
products are reported.

To demonstrate the synthetic utility of this protocol,
further transformations of 4a were carried out. As de-
scribed in Scheme 2, a rapid deacylative bromination of 4a
was realized to afford the product 5 in 88% yield.['*! Fur-
thermore, treatment of 4a with allylmagnesium bromide
which upon workup generated the deacylated oxindole 6
(70% yield), then allyl Grignard addition to the C(2) car-
bonyl group of 6 was achieved to provide the medicinally

Chin. J. Org. Chem. 2022, 42, 3390~3397
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76% yleld
Scheme 2  Further transformations of 4a

To investigate the possible pathway for this reaction, the
reaction profile for the model reaction was monitored by 'H
NMR spectroscopy. As revealed in Scheme 3a, 1a was
completely consumed in 4.0 h period and the yield of C—H
insertion product 3a reached 66% in 2.0 h, accompanied by
a steady increase in the amount of the final product 4a until
6.0 h. Build-up and decay of 3a during the course of the
reaction suggested its intermediacy in the overall transfor-
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mation. Furthermore, the reaction of isolated compound 3a
with allylic partner 2a in the presence of Rhy(Oct)s, Xant-
phos, and KO'Bu successfully gave the final product 4a in
58% yield. In contrast, no 4a was observed if lacking any
component of Rh,(Oct)s, Xantphos, or KO'Bu (58% vs 0%,
Scheme 3b). These results suggest a stepwise pathway of
this transformation, i.e., the reaction most likely involves
carbene-induced C —H functionalization followed by
[Rhy])/Xantphos-catalyzed allylic alkylation cascades,
which is different from the well-known [Rh(II);] catalysis
wherein a ylide/zwitterionic intermediate formed in situ
was directly trapped by electrophiles.['”! The vital role of
Xantphos ligand in this catalysis was probably due to the
modification of the active center of the dirhodium complex
through coordination, resulting in a novel catalytic activity
in the allylic alkylation process.!'”

Based on the results herein and previous studies, a pos-
sible reaction pathway is proposed in Scheme 4. [Rh(II)]
can first catalyze carbene insertion reaction, affording the
Rh(II)-carbenoid intermediate A, which further undergoes
[Rh(II);]-catalyzed C—H functionalization to afford the
enolate intermediate 3a. Additionally, complex B bearing a
chelate-coordinated Xantphos can be afforded as an active
species that can initiate the following allylic alkylation of
intermediate 3a.1'% The coordination of 2a with dirhodium
complex to form intermediate C. Then intermediate C un-
dergoes oxidative addition with allylic substrate to form
possible intermediate D. Subsequent nucleophilic attack by
3a takes place with the assistance of a base to give the final
product 4a and regenerate the intermediate B (Scheme 4).
However, the possibility of the formation of mono-
rhodium species cannot be completely ruled out under the
reaction conditions.

3 Conclusions

In summary, we have developed an efficient method
toward the construction of diverse 3-acyl-3-allyl oxindole
derivatives from N-aryl-a-diazo-f-keto amides and allylic
compounds by employing a [Rh,]/Xantphos catalysis.
Moreover, ease of operation, mild reaction conditions,
good functional group compatibility as well as facile
transformations of the products constitute notable features
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H th]z
oy

N
N2
A
© @)
@N\ [Rhl, N
1a 3a

"R
Standard condition
J\H)J\ + 0co0Et

2a
0.101
< 0.08+
=
©°
E 0.064
5 1
o —a— 1a
© 0.04+ —eo— 3a
£ —+—4a
8 0.021
c
3
0.004
0 2 4 6 8
t/h
(b) o)
) OH I Y
0 4 Reaction conditions o
N N
\ OCOOEt \
3a 2a

4a

Rh,(Oct),, Xantphos, KOBu: 58% vyield
Lacked any single component of Rh,(Oct)4, Xantphos,
KOBu: 0% yield

Scheme 3 Reaction profiles of the model reaction (a) and con-
trolled experiments (b)

of this work. Preliminary mechanistic experiments suggest
that this transformation proceed through a relay car-
bene-induced C—H functionalization and Rh(II)/Xantphos-
catalyzed allylic alkylation process.

4 Experimental section
4.1

Unless otherwise noted, all the reactions were carried
O

General experimental information

Y /\/OCOQEt
[Rhy]/Xantphos
2a
(e} B
N
\
Xantphos [Rhy]— \
COzEt
OH Oxidative
Base Xantphos [ha] addition

(e}

N \

Scheme 4 Possible reaction pathway dirhodium/Xantphos-catalyzed tandem C—H functionalization/allylic alkylation
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out an argon atmosphere condition and glassware were
dried in an oven before use. Whole reagents were pur-
chased from commercial sources and were used directly
without further purification or prepared as described in the
literature. '"H NMR, '*C NMR and '°F NMR spectra were
recorded on Varian 400 MHz, Agilent 400 MHz or Bruker
400 MHz spectrometers. Chemical shifts (6) were reported
relative to internal TMS ("H NMR: 6 0.000) or CDCl; ('H
NMR: § 7.260; 3C NMR: § 77.16), respectively. Flash
column chromatography was performed using 200~300
mesh silica gel. IR spectra were obtained on a Bruker
Tensor 27 instruments with Bruker Platinum ATR acces-
sory. HRMS (ESI) were determined on a Agilent 6224 TOF
LC/MS. Shimadzu GC-2014 spectrometer using flame
ionization detector and the heating procedure was estab-
lished as follows: initial temperature 50 ‘C, hold time 0.1
min, heating rate 15 C/min, reach temperature 150 C,
hold time 3 min; heating rate 30 °C/min, final temperature
280 °C, hold time 7 min. NMR yield was determined by 'H
NMR using nitromethane as an internal standard before
working up the reaction.

4.2 Typical experimental procedure for the two-com-
ponent reaction

In an oven-dried 10 mL sealed tube equipped with a stir
bar was added Rhy(Oct)s (2.3 mg, 3.0X 103 mmol, 1.0
mol%), Xantphos (3.5 mg, 6.0X 1073 mmol, 2.0 mol%),
KOAc (42.4 mg, 4.5X 1073 mmol, 1.5 equiv.), under dry
argon atmosphere, Then, anhydrous PhCF3 (2.5 mL), allyl
substrate 2 (0.45 mmol, 1.5 equiv.) and diazo compound 1
(0.30 mmol, 1.0 equiv.) was introduced, respectively. The
resulting mixture was stirred at 50 C for 6.0 h. After
cooling to ambient temperature, the mixture was filtered
and the clear filtrate was collected. After removing the
solvents in vacuo, the crude product obtained was purified
by flash column chromatography on silica gel to give the
desired product.

3-Acetyl-3-allyl-1-methylindolin-2-one (4a):l"® Purified
by flash column chromatography (eluent: petroleum ether/
ethyl acetate, V' . V=15 . 1). Yellow oil. 60.5 mg, 88%
yield. '"H NMR (400 MHz, CDCls) é: 7.38~7.34 (m, 1H),
7.18 (d, J=7.2 Hz 1H), 7.12~7.08 (m, 1H), 6.91~6.90
(m, 1H), 5.31~5.25 (m, 1H), 5.01 (d, J/=16.8 Hz, 1H),
4.89 (d, /=10.4 Hz, 1H), 3.28 (s, 3H), 2.98~2.93 (m, 1H),
2.89~2.84 (m, 1H), 1.99 (s, 3H); 3C NMR (100 MHz,
CDCl;) 0: 200.8, 174.5, 144.3, 131.5, 129.3, 127.0, 124.2,
123.2, 119.5, 108.6, 66.4, 37.5, 26.6 (one sp® C-atom
missing due to overlap). HRMS-ESI calcd for C14HisNO;
[M+H]" 230.1176, found 230.1176.

3-Acetyl-3-allyl-1,7-dimethylindolin-2-one (4b):["®! Pu-
rified by flash column chromatography (eluent: petroleum
ether/ethyl acetate=10 : 1, VI V). White solid. 43.1 mg,
59% yield. m.p. 99~100 °C; 'H NMR (400 MHz, CDCl;)
5: 7.08~7.06 (m, 1H), 6.98~6.95 (m, 2H), 5.34~5.23
(m, 1H), 5.00 (d, J=16.8 Hz, 1H), 4.86 (d, /=10.0 Hz,
1H), 3.55 (s, 3H), 2.94~2.83 (m, 2H), 2.61 (s, 3H), 1.97 (s,
3H); 3C NMR (100 MHz, CDCI5) é: 200.8, 175.3, 142.1,
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133.1, 131.7, 127.5, 123.1, 122.0, 120.2, 119.4, 66.0, 37.7,
29.9,26.5, 19.1. HRMS-ESI calcd for C1sHis0.N [M-+H]"
244.1332, found 244.1334.
3-Acetyl-3-allyl-1,5-dimethylindolin-2-one (4¢):"® Pu-
rified by flash column chromatography (eluent: petroleum
ether/ethyl acetate=15 1, VI V). Yellow oil. 62.7 mg,
86% yield. 'H NMR (400 MHz, CDCl3) §: 7.16~7.14 (m,
1H), 6.99 (s, 1H), 6.80~6.78 (m, 1H), 5.35~5.24 (m, 1H),
5.01 (d,J=16.8 Hz, 1H), 5.01 (d, /=16.8 Hz, 1H), 4.89 (d,
J=10.0 Hz, 1H), 3.26 (s, 3H), 2.96~2.83 (m, 2H), 2.34 (s,
3H), 1.98 (s, 3H); '*C NMR (100 MHz, CDCIs) é: 201.0,
174.6, 141.9, 132.9, 131.6, 129.6, 127.0, 124.8, 119.4,
108.3, 66.5, 37.4, 26.6, 21.2 (one sp® C-atom missing due
to overlap). HRMS-ESI caled for C;sH;30.N [M+H]"
244.1332, found 244.1334.
3-Acetyl-3-allyl-5-(tert-butyl)-1-methylindolin-2-one
(4d): Purified by flash column chromatography (eluent:
petroleum ether/ethyl acetate=15 : 1, V' . V). Yellow oil.
64.2 mg, 75% yield. '"H NMR (400 MHz, CDCls) §: 7.38~
7.35 (m, 1H), 7.20 (d, /=2.0 Hz, 1H), 6.83 (d, /=8.4 Hz,
1H), 5.37~5.26 (m, 1H), 4.98 (d,/=16.8 Hz, 1H), 4.88 (d,
J=10.0 Hz, 1H), 3.26 (s, 3H), 2.99~2.94 (m, 1H), 2.87~
2.71 (m, 1H), 1.99 (s, 3H), 1.30 (s, 9H); '3C NMR (100
MHz, CDCls) ¢: 201.1, 174.7, 146.7, 141.9, 131.8, 126.7,
125.8, 121.4, 1194, 107.9, 66.6, 37.6, 34.7, 31.6, 26.7,
26.6; IR (neat) v: 2959, 1704, 1497, 1348, 1267, 1186,
1072, 919, 815, 560 cm . HRMS-ESI caled for C1sH240,N
[M-+H]" 286.1802, found 286.1802.
3-Acetyl-3-allyl-5-methoxy-1-methylindolin-2-one
(4e):[™! Purified by flash column chromatography (eluent:
petroleum ether/ethyl acetate, V. V=10 : 1). Yellow oil.
57.6 mg, 74% yield. '"H NMR (400 MHz, CDCl5) §: 6.89~
6.86 (m, 1H), 6.82~6.79 (m, 2H), 5.36~5.25 (m, 1H), 5.01
(d, J=16.8 Hz, 1H), 4.90 (d, /=10.0 Hz, 1H), 3.79 (s, 3H),
3.25 (s, 3H), 2.96~2.82 (m, 2H), 2.00 (s, 3H); '*C NMR
(100 MHz, CDCl3) d: 200.9, 174.2, 156.4, 137.8, 131.5,
128.2, 119.6, 113.8, 111.2, 109.0, 66.8, 55.9, 37.6, 26.7,
26.6. HRMS-ESI calcd for C;sH;sO3N [M~+H]" 260.1281,
found 260.1282.
3-Acetyl-3-allyl-5-fluoro-1-methylindolin-2-one ~ (4f):
Purified by flash column chromatography (eluent: petro-
leum ether/ethyl acetate, V' . V=6 . 1). Yellow oil. 56.4
mg, 76% yield. 'H NMR (400 MHz, CDCls) d: 7.08~7.03
(m, 1H), 6.97 (d, J=6.0 Hz, 1H), 6.84~6.81 (m, 1H),
5.36~5.26 (m, 1H), 5.02 (d, /=16.8 Hz, 1H),4.91 (d, J=
10.0 Hz, 1H), 3.26 (s, 3H), 2.95~2.83 (m, 2H), 2.05 (s,
3H); *C NMR (100 MHz, CDCl3) 4: 200.3, 174.2, 159.5 (d,
J=241.0 Hz), 140.2 (d, /=2.0 Hz), 131.0, 128.6 (d, /=38.0
Hz), 120.0, 115.6 (d, /=23.0 Hz), 112.6 (d, J=25.0 Hz),
109.0 (d, /=28.0 Hz), 66.7 (d, J=2.0 Hz), 38.0, 26.77,
26.73; F NMR (376 MHz, CDCl;) : —119.4 (m, 1F); IR
(neat) v: 3069, 1700, 1494, 1349, 1275, 1188, 925, 880, 824,
677, 560, 480 cm '. HRMS-ESI calcd for CisH;sO.FN
[M-+H]" 248.1081, found 248.1081.
3-Acetyl-3-allyl-5-chloro-1-methylindolin-2-one (4g):[™"
Purified by flash column chromatography (eluent: petro-
leum ether/ethyl acetate, V' . V=10 : 1). Yellow oil. 63.1,
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80% yield. 'H NMR (400 MHz, CDCls) §: 7.33 (d, J=12.0
Hz, 1H), 7.19 (s, 1H), 6.81 (d, /=8.4 Hz, 1H), 5.36~5.24
(m, 1H), 5.03 (d, J=17.6 Hz, 1H), 4.93 (d, /=10.8 Hz,
1H), 3.25 (s, 3H), 2.97~2.81 (m, 2H), 2.05 (s, 3H); *C
NMR (100 MHz, CDCls) ¢: 200.1, 174.1, 142.8, 131.0,
129.3, 128.7, 128.6, 124.9, 120.1, 109.4, 66.5, 38.0, 26.8,
26.7. HRMS-ESI caled for Ci4HjsO,NClI [M + H] *
264.0786, found 264.0785.

3-Acetyl-3-allyl-5-bromo-1-methylindolin-2-one  (4h):
Purified by flash column chromatography (eluent: petro-
leum ether/ethyl acetate, V' . V=5 . 1). Yellow oil. 50.8
mg, 55% yield. "H NMR (400 MHz, CDCl3) §: 7.49~7.47
(m, 1H), 7.33 (s, 1H), 6.78 (d, /=8.0 Hz, 1H), 5.34~5.25
(m, 1H), 5.03 (d, J=16.8 Hz, 1H), 4.93 (d, /=10.0 Hz,
1H), 3.25 (s, 3H), 2.95~2.82 (m, 2H), 2.05 (s, 3H); *C
NMR (100 MHz, CDCls) d: 200.1, 174.0, 143.3, 132.2,
131.0, 129.0, 127.6, 120.1, 115.9, 109.9, 66.4, 38.0, 26.8,
26.7; IR (neat) v: 3069, 1705, 1605, 1486, 1418, 1338,
1182, 1085, 922, 809, 661, 539 cm '. HRMS-ESI calcd for
Ci4H140.NBrNa [M+Na]" 330.0100, found 330.0100.

3-Acetyl-3-allyl-4,6-dimethoxy-1-methylindolin-2-one
(4i): Purified by flash column chromatography (eluent:
petroleum ether/ethyl acetate, ' V=5 I 1). Yellow oil.
52.1 mg, 60% yield. m.p. 72~73 °C; 'H NMR (400 MHz,
CDCl;) o: 6.17 (d, J=15.6 Hz, 2H), 5.28~5.17 (m, 1H),
4.97 (d, J/=16.8 Hz, 1H), 4.81 (d, J/=9.6 Hz, 1H), 3.87 (s,
3H), 3.80 (s, 3H), 3.22 (s, 3H), 3.07~3.02 (m, 1H), 2.94~
2.89 (m, 1H), 1.90 (s, 3H); '3C NMR (100 MHz, CDCI;) 6:
200.3,174.3, 162.5, 156.7, 146.4, 132.5, 118.5, 105.7, 92.5,
88.7, 65.9, 55.7, 55.5, 34.8, 26.8, 26.1; IR (neat) v: 2920,
1706, 1603, 1467, 1373, 1257, 1214, 1146, 1069, 822, 597
cm ', HRMS-ESI caled for CigH2OsN [M + H] *
290.1387, found 290.1387.

3-Acetyl-3-allyl-1,6-dimethylindolin-2-one and 3-acetyl-
3-allyl-1,4-dimethylindolin-2-one (4j and 4j'): Purified by
flash column chromatography (eluent: petroleum ether/
ethyl acetate, V' =15 . 1). Yellow oil. 61.2 mg, 84%
yield. '"H NMR (400 MHz, CDCl3) 8: 7.28 ~7.26 (m,
0.75H), 7.06~7.04 (m, 0.40H), 6.92~6.87 (m, 1H), 6.76~
6.72 (m, 1H), 5.36 ~5.25 (m, 0.40H), 5.21~5.10 (m,
0.64H), 3.27~3.26 (m, 2H), 3.17~2.81 (m, 2H), 2.41 (s,
1.15H), 2.19 (s, 1.83H), 1.97 (s, 1.12H), 1,78 (s, 1H); *C
NMR (100 MHz, CDCls) ¢: 201.0, 200.1, 174.9, 174.1,
144.8, 144.4, 139.6, 1353, 131.7, 131.7, 129.2, 125.6,
124.8,124.1,123.9,123.8,119.4, 118.8, 109.5, 106.3, 67.3,
66.3,37.5, 34.8, 26.8, 26.6, 26.5, 26.1, 22.0, 17.9; IR (neat)
v:2919, 1702, 1610, 1468, 1354, 1183, 1056, 918, 774, 739,
591 cm '. HRMS-ESI caled for CisHi;sO,N [M+H]"
244.1332, found 244.1331.

Supporting Information Experimental procedures, the
synthesis method of the starting materials, and compound
characterization dat. The Supporting Information is availa-
ble free of charge via the Internet at http://sioc-journal.cn/.
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