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Abstract The Ru(Il)-catalyzed regioselective [4+ 1] cycloaddition of azobenzenes with ethyl glyoxalate through C—H bond
activation has been developed. This method provides a facile approach to various 3-carboxylate indazoles in moderate to good
yields. Meantime, the kinetic isotope effect was further investigated and the results indicated that the C—H bond-breaking was

possibly not involved in the rate-limiting step of this transformation.
Keywords Ru(II), C—H bond activation, cycloaddition, Indazoles

1 Introduction

Indazole heterocycles have attracted significant interest
among the medicinal chemistry community because of
their promising pharmaceutical applications and biological
activities.!"! In particular, the 3-carboxylate indazole scaf-
folds are constituents of key privileged molecules, acting
as anti-cancer drug, viral polymerase inhibition and an-
ti-inflammatory agent, efc. (Figure 1).!) Thus, the devel-
opment of robust synthetic approaches for affording sub-
stituted 3-carboxylate indazoles has been the focus of in-
tensive research. The classical routes to 3-carboxylate in-
dazoles involve direct lithiation at the C3-position of in-
dazoles followed by the addition of electrophiles, but these

* Corresponding authors. E-mail: chenxunchenpei@163.com; lisabll@sina.com

strategies are limited by their low yields and harsh reaction
conditions.””! Therefore, there is a continued strong de-
mand for constructing 3-carboxylate indazoles in simple
operation from cheap starting materials.
Transition-metal-catalyzed C—H bond functionaliza-
tion has emerged a powerful strategy to the rapid assembly
of various heterocycles.!”! In this regard, the recent pro-
gress has been focused on the synthesis of indazoles via
C—H bond activation process under Rh(III), Co(IIl) and
Re(I) catalysts. For example, the pioneering work by
Ellman took advantage of the directing character of azo
group to enable a Rh(IIl)-catalyzed C—H activation/cyc-
lization of azobenzenes with aryl aldehydes for the synthe-
sis of 2,3-diaryl-2H-indazoles (Scheme 1).”! Moreover,
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Figure 1 Selected bioactive indazole compounds

Ellman and Wang' also reported representative works on
the synthesis of 2,3-diaryl-2H-indazoles via the Co(III)- or
Re(I)-catalyzed redox-neutral coupling of azobenzenes
with aryl aldehydes, respectively. However, these methods
are only limited to furnishing 3-aryl indazole under expen-
sive catalysts. On the other hand, Ru(Il) complexes have
been shown to efficiently catalyze arene C—H functional-
ization with outstanding catalytic efficiency.!”’ In continua-
tion of our effort in developing efficient Ru(Il)-catalyzed
C—H functionlization for the assembly of various hetero-
cycles,™ we herein report an efficient Ru(II)-catalyzed
C—H bond [4+ 1] cycloaddition of azobenzenes with
ethyl glyoxalate for the production of the desired 3-car-
boxylate indazoles (Scheme 1).

Previous works:

(0]
~ /© [Rh], [Co] or [Re] cat.
(:[N\N * HJJ\Ar
H N
— N—< >
Ar

This work:

0]

Ru(ll) cat.
Ny /@ —_—
@ N * HJ\COOEt
H
/N\
_ N—< >

COOEt

Scheme 1 Indazole synthesis via C—H functionalization

2 Results and discussion

Initially, we commenced our studies by screening reac-
tion conditions for the envisioned C—H bond [4+1] cy-
cloaddition of azobenzenes 1a with ethyl glyoxalate 2a
(Table 1). To our delight, the desired 3-carboxylate inda-
zole 3a was obtained in 24% yield by using [Ru(p-cy-
mene)Cl,],/AgSbF, as the co-catalyst (Entry 1). It is well-
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known that the OAc source is important for the current
C—H functionalization reactions. We next investigated the
effects of additives for this reaction optimization. Further
investigation revealed that additives such as NaOAc,
KOAc, LiOAc, CsOAc and AgOAc led to a significantly
increase in the product yield (38%~51%, Entries 2~6),
whereas the reaction of 1a with 2a in the presence of acid
additives such as AcOH and PivOH furnished the product
3a in slightly decreased yields (41% and 26%, Entries 6,
7). Subsequently, a variety of solvents were screened, and
these results showed that 1,2-dichloroethane (DCE) was
the optimal solvent (Entries 8~12 vs 13). In addition, 3a
was formed in 76% yield when the reaction temperature
increased to 100 C (Table 1, Entry 14). To our delight, we
soon found that extending the reaction time could afford
the improved reaction yield of 82% (Entries 15). Finally,
various Ru complexes were tested, but only [Ru(p-cyme-
ne)Cly], was active. The other complexes, including Ru-
Cl,(PPhs)4, Rusz(CO), and RuHCI(CO)(PPh3); were totally
ineffective (Entries 16~18).

Table 1 Optimization of the reaction parameters”

catalyst (5 mol%)
AgSbFg (20 mol%)

additive (50 mol%)
solvent, 80 °C, 12 h

0
v [
@E SN + HJ\COOEt
H 2a
1a N
—

COOEt
3a
Entry Catalyst Additive  Solvent Yield®/%

1 [Ru(p-cymene)Cl,] None Dioxane 24
2 [Ru(p-cymene)Cl,] NaOAc Dioxane 51

3 [Ru(p-cymene)Cl,] KOAc Dioxane 46
4 [Ru(p-cymene)Cl,] LiOAc  Dioxane 47

5 [Ru(p-cymene)Cl,] CsOAc  Dioxane 40

6  [Ru(p-cymene)Cl,] AgOAc  Dioxane 38

7 [Ru(p-cymene)Cl,] PivOH  Dioxane 41

8 [Ru(p-cymene)Cl,] AcOH CH;CN 26
9 [Ru(p-cymene)Cl,] NaOAc  Toluene  Trace
10 [Ru(p-cymene)Cl,] NaOAc THF 48
11 [Ru(p-cymene)Cl,] NaOAc TFE 21
12 [Ru(p-cymene)Cl,] NaOAc MeOH Trace
13 [Ru(p-cymene)Cl,] NaOAc DCE 64
14 [Ru(p-cymene)Cl,] NaOAc DCE 76¢
15  [Ru(p-cymene)Cl,] NaOAc DCE 827
16 RuCly(PPh;), NaOAc DCE 0
17 Ruz(CO)y, NaOAc DCE 0
18  RuHCI(CO)(PPh;), NaOAc DCE 0

“Unless otherwise noted, all the reactions were carried out using azobenzenes
(1a, 0.20 mmol) and ethyl glyoxalate (2a, 0.40 mmol) with catalysts (5 mol%)
in the presence of AgSbFs (20 mol%) and additive (50 mol%) in solvent (2.0
mL) at 80 C for 12 h under Ar in a sealed reaction tube, followed by flash
chromatography on SiO,. *Isolated yield. ¢ The reaction temperature is 100 C.
?The reaction time is 24 h. TFE=2,2,2-trifluoroethanol.

With an optimized catalytic system in hand, we then
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turned our attention toward exploring scope and limitation
of Ru(Il)-catalyzed C—H bond [4+1] cycloaddition of
azobenzenes (1) with ethyl glyoxalate (2a). As shown in
Table 2, the reactivity of substituted azobenzenes 1 was
obviously dependent on the electronic properties of substi-
tutents. Azobenzenes bearing electron-donating groups
(Me, MeO) on the para-position afforded excellent yields
of 3b (84% yield) and 3¢ (88% yield), respectively. In
contrast, electron-withdrawing halogen group (Cl), ester
group (COOEt) and cyano group (CN) slightly decreased
the reaction conversion and produced 3d~3f in moderate
to good yields (59%~77% yields), which indicated that
C—H activation was involved in an electrophilic aromatic
substitution process. Notably, this reaction protocol could
also smoothly convert ortho- or meta-substituted azoben-
zenes to the desired 3g or 3h with excellent yields (80%
and 83%) in spite of steric congestion. Moreover,
3,5-demethyl-substituted azobenzene 1i could afford the
desired product 3i with 78% yield, in which no significant
effect of steric hindrance from methyl moiety was ob-
served in this transformation. In addition, the unsymmet-
rical azobenzene 1j having both methy group and methoxy
group on one aryl ring is also allowed for this transfor-
mation to assemble the corresponding indazole 3j in 76%
yield. Beside, methyl 2-oxoacetate and 2-oxo-2-phenylace-
taldehyde could also react with 1a to afford the corre-
sponding products 3k and 31, respectively. Unfortunately,
other aldehydes such as acetaldehyde were not allowed for
this transformation, and the starting materials were recov-
ered completely. When we moved to employ 2-arylpyri-
dine as an arene substrate (Eq. 1), indolizine products Sa~
5c were also isolated in accepted yield under slightly mod-
ified reaction condition. Finally, we converted 3k to the
corresponding product 6a in 78% yield via a hydrolysis
and subsequent decarboxylation process (Eq. 2).

[RuCly(p-cymene)],

= | o (5 mol%)
N AgSbFg (20 mol%)
N + J\
H™ "COOEt  NaOAc (50 mol%)
R 4 2a Cu(OAc); (30 mol%)
DCE, 110°C, 24 h
"]
5a, R =H, 36%
7N 5b, R = OMe, 27% S
= o)
COOEt 5¢c, R=Ac, 21%
=N N
N (1) KOH, EtOH =N,
- _— > N 2
(2) Ag,CO3, DMSO S
COOMe

6a, 78%

To gain more insights into the mechanism, some ex-
periments were conducted (Scheme 2). A competition re-
action was performed to determine the electronic prefe-
rence of this transformation. When 1c¢ and 1f were treated
at the same time, the reaction favored the electron-rich
azo-benzenes in 3.2 I 1 ratio (Scheme 2a), thus implying
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Table 2 Substrate scope™”
R [RuCly(p-cymene)],
= /| o (5 mol%)

AgSbFg (20 mol%)

|\N\\N\ +Jj\

R-— H” "COOEt  NaOAc (50 mol%)
Y 2 DCE, 100 °C, 24 h
1
=N —
S SEEY
COOEt
3
/N‘ /N'
N — N—@—Me
Me
COOEt COOEt
3a, 82% 3b, 84%
/Nt /N‘
— N—@—OMe — N—@—CI
MeO Cl
COOEt COOEt
3c, 88% 3d, 77%

/N$ /N‘
— N—< >—002Et ~ N— )—CN
EtO,C NC

COOEt COOEt
3e, 68% 3f, 59%
Me Me Me
Me N
|\ N
COOEt COOEt
39, 80% 3h, 83%
Me Me
Me N N
Me COOEt Me Etooc MeO
3i, 78% 3j, 76%
/No
N
COOMe
3k, 74% 31, 32%
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“ All the reactions were carried out using azobenzenes (1) (0.20 mmol) and
aldehyde (2) (0.40 mmol) with [Ru(p-cymene)Cl,] (5 mol%) in the presence of
AgSbFs (20 mol%) and NaOAc (50 mol %) in DCE (2.0 mL) at 100 C for 24
h under Ar in a sealed reaction tube. Followed by flash chromatography on
Si0,. bsolated yield.

that the C—H activation step might be an electrophilic
aromatic substitution process.” Subsequently, the inter-
molecular isotope effect (Ky/Kp=1.1) further indicated
that C—H bond-breaking was not involved in the rate-
limitting step of this transformation (Scheme 2b).'” On
the basis of the above-mentioned results, a plausible
mechanism is proposed in Scheme 3. First, coordination of
an azo group in azobenzene 1a to a cationic Ru species to
form a five-membered cobaltacycle intermediate I. Subse-
quently, an insertion of C=0 to Ru—C bond of interme-
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Scheme 2 Preliminary mechanistic studies

diate A forms the seven-membered intermedaite II, which
undergoes protonation to give the alcohol III with release
of Ru catalyst. Finally, indazole 3a is obtained through an
intramolecular nucleophilic substitution/cyclization pro-

CesSs.
/N\
)
=

3a COOEt

NucleophilicT

substitution [RuCly(L)],

Na \ L = p-cymene

AgSbFg N
Agcl | NaOAc @

CO,Et H 1a

i [RUOAc(L)] *[SbFg]
Protonation
/@ C—H activation
N=N N, /©
' N
RU\L
EtO,C |
Il I OAc

migratory
insertion [6)

J

H™ "CO,Et
2a

A

Scheme 3 Proposed mechanism

3 Conclusions

In conclusion, we have developed a novel Ru(Il)-
catalyzed regioselective C—H bond cycloaddition of
azobenzenes with ethyl glyoxalate for the rapid assembly
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of 3-carboxylate indazole. This catalytic system tolerates a
wide range of azobenzene substrates with high reaction
efficiency. Further synthetic applications to bioactive
molecules are underway in sour laboratory.

4 Experimental section

4.1 General information

The azobenzene substrates were prepared according to
the previously reported procedure.”” Solvents were treated
with 4 A molecular sieves or sodium and distilled prior to
use. Purifications of reaction products were carried out by
flash chromatography using silica gel (200~300 mesh).
'"H NMR and “C NMR spectra were recorded with tetra-
methylsilane (TMS) as internal standard at ambient tem-
perature unless otherwise indicated on a Bruker Avance
DPX 600 fourier Transform spectrometer operating at 400
MHz for '"H NMR and 100 MHz for *C NMR. High reso-
lution mass spectra (HRMS) were recorded on an IF-TOF
spectrometer (Micromass).

4.2 General procedure for the synthesis of 3-car-
boxylate indazole derivatives 3

A 10 mL of reaction tube was charged with azobenzenes
1 (0.2 mmol), [Ru(p-cymene)Cl,] (5 mol%), AgSbF, (20
mol%), NaOAc (50 mol%) and DCE (1.5 mL) under Ar
atmosphere. Then ethyl glyoxalate 2a (0.4 mmol) in DCE
(0.5 mL) was added in one-pot under Ar and the mixture
was stirred at 100 ‘C for 24 h. The corresponding reaction
mixture was filtered through a pad of Celite, washed with
DCE and concetrated under reduced pressure. The residue
was purified by flash chromatography on silical gel using
ethyl acetate/petroleum ether (V' : V=1 : 8) as eluent to
afford the products 3.

Ethyl 2-phenyl-2H-indazole-3-carboxylate (3a): Brown
solid, 82% yield. m.p. 80~82 ‘C; 'H NMR (400 MHz,
CDCl;) ¢: 8.12 (d, J=8.3 Hz, 1H), 7.85 (d, J=8.5 Hz,
1H), 7.52 (s, 5H), 7.41 (t, J=7.1 Hz, 1H), 7.34 (t, J=7.4
Hz, 1H), 4.36 (q, J=13.1, 2H), 1.33 (t, J=6.2 Hz, 3H);
5C NMR (101 MHz, CDCly) §: 159.5, 148.4, 141.0, 129.3,
128.6, 127.1, 126.4, 125.5, 125.1, 124.01, 121.6, 118.6,
611, 141, HRMS (ESI) calcd for C16H15N202 [I\/I_‘_H]Jr
267.1132, found 267.1135.

Ethyl  5-methyl-2-(p-tolyl)-2H-indazole-3-carboxylate
(3b): Brown solid, 84% yield. m.p. 68~70 ‘C; '"H NMR
(400 MHz, CDCly) o: 7.85 (s, 1H), 7.73 (d, J/=8.6 Hz,
1H), 7.39 (d, J=7.3 Hz, 2H), 7.30 (d, J=7.5 Hz, 2H), 7.24
(d, J=9.1 Hz, 1H), 4.36 (q, /J=6.6 Hz, 2H), 2.50 (s, 3H),
2.44 (s, 3H), 1.34 (t, J=6.8 Hz, 3H); °C NMR (101 MHz,
CDCl;) 0: 159.7, 147.4, 139.2, 138.7, 135.3, 129.8, 129.2,
126.1, 1244, 119.7, 118.2, 60.9, 22.2, 21.3, 14.2; HRMS
(ESI) caled for CigH9N,O, [M—|—H]+ 295.1631, found
295.1636.

Ethyl 5-methoxy-2-(4-methoxyphenyl)-2H-indazole-3-
carbo-xylate (3c¢): Brown solid, 88% yield. m.p. 88~
90 C; '"HNMR (400 MHz, CDCl;) J: 7.64 (d, J=9.1 Hz,
1H), 7.35 (d, J=7.6 Hz, 2H), 7.26 (s, 1H), 7.01 (d, J=9.2
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Hz, 1H), 6.93 (d, J/=7.6 Hz, 2H), 4.30~4.21 (q, 2H), 3.83
(d, J/=8.6 Hz, 3H), 3.80 (s, 3H), 1.25 (t, J=6.5 Hz, 3H);
C NMR (101 MHz, CDCl;) d: 160.0, 159.8, 157.9, 145.0,
134.2,127.4, 125.1, 124.1, 121.8, 119.9, 113.7, 97.9, 60.8,
55.6, 55.4, 14.2; HRMS (ESI) calcd for C;sH9N,O, [M+
H]" 327.1328, found 327.1332.

Ethyl  5-chloro-2-(4-chlorophenyl)-2H-indazole-3-car-
boxylate (3d): Brown solid, 77% yield. m.p. 186~188 C;
'H NMR (400 MHz, CDCl;) d: 8.08 (s, 1H), 7.77 (d, J=
9.1 Hz, 1H), 7.56~7.44 (m, 5H), 7.36 (d, J/=9.0 Hz, 1H),
4.39 (q, J=7.0 Hz, 2H), 1.38 (t, J=7.0 Hz, 3H); °C NMR
(101 MHz, CDCly) d: 159.0, 146.9, 139.1, 135.6, 131.7,
1294, 128.9, 127.6, 124.4, 124.2, 120.5, 120.1, 61.5, 14.2;
HRMS (ESI) caled for C15H13C12N202 [M + H] *
335.0355, found 335.0359.

Diethyl 2-(4-(ethoxycarbonyl)phenyl)-2H-indazole-3,5 -
dicarb-oxylate (3e): Brown solid, 68% yield. m.p. 139~
141 “C; "H NMR (400 MHz, CDCl;) d: 8.91 (s, 1H), 8.23
(d, J=17.3 Hz, 2H), 8.05 (d, J/=8.9 Hz, 1H), 7.86 (d, J=
8.8 Hz, 1H), 7.63 (d, /=7.8 Hz, 2H), 4.51~4.36 (m, 6H),
1.42 (m, 9H); “C NMR (101 MHz, CDCl;) J: 166.5,
165.6, 158.9, 149.8, 143.9, 131.6, 130.6, 130.1, 127.8,
127.3,127.2, 126.3, 125.7, 123.4, 122.9, 118.5, 61.7, 61.4,
61.3, 14.3, 14.1; HRMS (ESI) calcd for CpH,3N,04 [M+
H]" 411.1501, found 411.1508.

Ethyl  5-cyano-2-(4-cyanophenyl)-2H-indazole-3-car-
boxylate (3f): Brown solid, 59% yield. m.p. 192~194 C;
'H NMR (400 MHz, CDCl;) d: 9.81 (s, 1H), 8.07 (s, 1H),
7.93 (d, J=8.5 Hz, 1H), 7.84 (d, J/=8.6 Hz, 1H), 7.24 —
7.03 (m, 3H), 4.40 (q, 2H), 1.42 (t, 3H); *C NMR (101
MHz, CDCl;) d: 162.5, 142.2, 141.1, 132.7, 131.4, 128.8,
127.7, 127.3, 1219, 120.9, 119.9, 118.0, 117.9, 117.5,
117.3, 1044, 59.6, 14.9; HRMS (ESI) caled for
CigH35N40, [M+H]"317.1064, found 317.1070.

Ethyl  7-methyl-2-(o-tolyl)-2H-indazole-3-carboxylate
(3g): Brown solid, 80% yield. m.p. 74~76 °‘C; '"H NMR
(400 MHz, CDCls) 0: 7.97 (d, J=38.4 Hz, 1H), 7.42 (dd,
J=10.5, 4.2 Hz, 1H), 7.38~7.26 (m, 4H), 7.18 (d, J=6.8
Hz, 1H), 4.30 (q, 2H), 2.69 (s, 3H), 2.01 (s, 3H), 1.27 (t,
3H); *C NMR (101 MHz, CDCl3) §: 159.4, 148.8, 140.8,
135.0, 130.5, 129.6, 128.9, 127.0, 126.3, 126.1, 125.7,
123.3, 119.0, 60.9, 17.1, 17.0, 14.0; HRMS (ESI) calcd for
C18H19N202 [1\/I_|_H:|Jr 2951446, found 295.1453.

Ethyl 6-methyl-2-(m-tolyl)-2H-indazole-3-carboxylate
(3h): Brown solid, 83% yield. m.p. 85~87 ‘C; 'H NMR
(400 MHz, CDCly) o: 7.99 (d, J=8.6 Hz, 1H), 7.58 (s,
1H), 7.41~7.26 (m, 4H), 7.17 (d, J/=8.6 Hz, 1H), 4.35 (q,
J=7.0 Hz, 2H), 2.49 (s, 3H), 2.43 (s, 3H), 1.33 (t, J=7.0
Hz, 3H); "C NMR (101 MHz, CDCl3) §: 159.5, 149.0,
141.0, 138.7, 137.0, 130.0, 128.4, 128.3, 126.8, 124.9,
123.5, 122.4, 121.0, 116.8, 61.0, 22.1, 21.3, 14.2; HRMS
(ESI) caled for CigH;oN,O, [M+H] 295.1508, found
295.1514.

Ethyl 2-(3,5-dimethylphenyl)-4,6-dimethyl-2H-indazo-
le-3-carboxylate (3i): Brown solid, 78% yield. m.p. 67~
69 ‘C; 'H NMR (400 MHz, CDCl3) &: 7.38 (s, 1H), 7.26
(s, IH), 7.12 (s, 2H), 6.85 (s, 1H), 4.25 (q, J=7.1 Hz, 2H),
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2.61 (s, 3H), 2.42 (s, 3H), 2.37 (s, 6H), 1.13 (t, J/=7.1 Hz,
3H); *C NMR (101 MHz, CDCl;) 8: 165.8, 142.0, 132.4,
131.2, 130.0, 123.3, 121.9, 119.1, 115.8, 104.3, 98.2, 60.8,
17.9, 17.5, 13.7, 11.0; HRMS (ESI) calcd for CyyHp;3N,0,
[M+H]" 323.1791, found 323.1795.

Ethyl  2-(3-methoxy-5-methylphenyl)-2H-indazole-3-
carboxylate (3j): Brown solid, 76% yield. m.p. 95~97 C;
'H NMR (400 MHz, CDCl;) d: 7.73 (d, J=9.2 Hz, 1H),
7.33 (dt, J=30.7, 9.0 Hz, 5SH), 7.09 (d, J/=9.0 Hz, 1H),
438 (q, 2H), 3.92 (s, 3H), 2.45 (s, 3H), 1.32 (t, J=6.7
Hz, 3H); “C NMR (101 MHz, CDCl;) d: 159.8, 157.9,
145.1, 139.1, 138.7, 129.1, 126.0, 125.1, 121.9, 120.0,
97.9, 60.8, 55.4, 21.3, 14.2; HRMS (ESI) calcd for CgH;o-
N,O; [M+H]" 311.1338, found 311.1342.

Methyl  2-phenyl-2H-indazole-3-carboxylate  (3K):
Brown solid, 74% yield. m.p. 79~81 “C; '"H NMR (500
MHz, CDCl;) o: 8.11 (d, J=8.2 Hz, 1H), 7.86 (d, J=8.3
Hz, 1H), 7.53 (s, 5H), 7.42 (t, J=7.2 Hz, 1H), 7.35 (t, J=
7.2 Hz, 1H), 3.92 (s, 3H); °C NMR (126 MHz, CDCL,) ¢:
160.0, 148.4, 140.9, 129.4, 128.7, 127.1, 126.33, 125.6,
124.83 123.9, 121.5, 118.6, 52.0; HRMS (ESI) calcd for
C1sH;3N,0, [M+H]" 253.1901, found 253.1908.

Phenyl(2-phenyl-2H-indazol-3-yl)methanone (31): Bro-
wn solid, 32% yield. m.p. 153~155 °‘C; 'H NMR (400
MHz, ) §: 7.89~7.85 (m, 3H), 7.60 (t, J=7.5 Hz, 1H),
7.55~7.52 (m, 2H), 7.47~7.35 (m, 7H), 7.19~7.16 (m,
1H); *C NMR (101 MHz, CDCl;) J: 168.9, 138.9, 132.5,
130.3, 126.9, 125.9, 124.0, 123.3, 123.2, 122.9, 121.7,
120.5, 120.1, 119.3, 116.5, 114.9; HRMS (ESI) calcd for
CH;sN,O [M+H]" 299.3208, found 299.3213.

Ethyl pyrido[2,1-a]isoindole-6-carboxylate (5a): Yellow
solid, 36% yield. m.p. 65~67 ‘C; 'H NMR (400 MHz,
CDCl) o: 998 (d, J=6.6 Hz, 1H), 8.27 (d, J=28.5 Hz,
1H), 8.10 (ddt, J=12.0, 8.2, 1.1 Hz, 2H), 7.55 (m, 1H),
7.29~7.27 (m, 1H), 7.27~7.25 (m, 1H), 7.21 (td, J=6.9,
1.5 Hz, 1H), 4.51 (q, 2H), 1.52 (t, J=7.2 Hz, 3H); °C
NMR (101 MHz, CDCIl3) d: 150.1, 126.3, 124.8, 122.5,
122.1, 117.3, 116.6, 115.9, 115.6, 114.9, 114.0, 113.9,
103.3, 67.6, 31.9; HRMS (ES]) calcd for C;sH;NO, [M+
H]" 240.3609, found 240.3612.

Ethyl  8-methoxypyrido[2,1-a]isoindole-6-carboxylate
(5b): Yellow solid, 27% yield. m.p. 94~96 C; '"H NMR
(400 MHz, CDCl;) o: 9.88 (s, 1H), 8.00~7.91 (m, 2H),
7.60 (s, 1H), 7.25 (m, 1H), 7.12 (td, J=7.0, 1.4 Hz, 1H),
6.90 (dd, J=38.8, 2.3 Hz, 1H), 4.49 (q, J=7.1 Hz, 3H),
3.95 (s, 3H), 1.51 (t, J=7.1 Hz, 3H); °*C NMR (101 MHz,
CDCl) d: 150.1, 148.3, 126.5, 122.3, 117.8, 116.7, 113.4,
112.9, 111.1, 110.9, 103.1, 99.0, 67.5, 64.2, 31.9; HRMS
(ESI) caled for CH;(NO; [M+H]" 270.1681, found
270.1685.

Ethyl 8-acetylpyrido[2,1-a]isoindole-6-carboxylate (5¢):
Yellow solid, 21% yield. m.p. 113~115 C; 'H NMR
(400 MHz, CDCl,) J: 9.90 (d, J=6.7 Hz, 1H), 8.85 (s,
1H), 8.11~8.07 (m, 2H), 7.79 (dd, J=8.6, 1.5 Hz, 1H),
7.33~7.27 (m, 1H), 7.24 (td, J/=6.9, 1.5 Hz, 1H), 4.51 (q,
J=17.1 Hz, 2H), 2.72 (s, 3H), 1.54 (t, J=7.2 Hz, 3H); *C
NMR (101 MHz, CDCl;) d: 179.0, 149.7, 129.2, 125.7,
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123.9, 122.1, 118.1, 117.6, 116.2, 115.7, 115.2, 114.6,
114.5, 104.1, 67.9, 41.4, 31.8; HRMS (ESI) calcd for
CysHsNO; [M+H]" 282.1131, found 282.1134.

2-Phenyl-2H-indazole (6a): Yellow solid, 36% yield.
m.p. 83~85 C; "H NMR (500 MHz, CDCl;) J: 8.43 (s,
1H), 7.93 (d, J=7.7 Hz, 2H), 7.83 (d, J=8.8 Hz, 1H), 7.73
(d, J=8.5 Hz, 1H), 7.55 (t, J=7.9 Hz, 2H), 7.42 (t, J=17.4
Hz, 1H), 7.38~7.33 (m, 1H), 7.15 (dd, J=8.0, 7.0 Hz,
1H); *C NMR (126 MHz, CDCl;) §: 149.8, 140.5, 129.6,
127.9, 126.8, 122.8, 122.4, 121.0, 120.4, 120.4, 118.0; MS
(ESI) m/z: 195.09.

Supporting Information The kinetic isotope effect
(KIE) experiments and the "H NMR and *C NMR spectra
of all products. The Supporting Information is available
free of charge via the Internet at http://sioc-journal.cn/.
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