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Synthesis of Functionalized Quinolines via Ugi and Pd-Catalyzed
Intramolecular Arylation Reactions

Zhibo Ma, Zheng Xiang, Tuoping Luo, Kui Lu, Zhibin Xu, Jiahua Chen,* and
Zhen Yang*

Key Laboratory of Bioorganic Chemistry and Molecular Engineering of Ministry of Education and
Beijing National Laboratory for Molecular Science (BNLMS), College of Chemistry, the State Key
Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Science, and Laboratory of

Chemical Genomics, Shenzhen Graduate School, Pekingetdity, Beijing, China 100871

Receied May 14, 2006

Two types of quinoline scaffolds were constructed in a combinatorial format via the Ugi four-component
reaction (U-4CR) and Pd-catalyzed intramolecular arylation reaction. The scope of this two-step synthetic
sequence was examined from commercially available and synthetically accessible starting materials.
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In chemical genetics, development of synthetic methods Meo N e Q

to construct libraries based on privileged scaffolifs an O N~ MeO \@\ O
.. . . .. . . . MeO NMe,

efficient manner is of high priority, since such libraries can o ° o ~N

be specifically utilized to facilitate biological pathway ARC-111 (1) N-arylbenzophenanthridine (2)

explorations in cells or organisms. Me0OC

Quinoline and isoquinoline represent privileged moieties
in medicinal chemistryand are ubiquitous substructures in MeO QO O
ial sCi icako le, ARC- NH
material science and pharmaceuti rexample, A . { e Jl\/NMez N

111 @) (Figure 1) has potent TOP1-targeting activity and o
pronounced antitumor activifyCompound? is a selective -Aza-5[H]- benzo[b]thleno-
estrogen receptor modulator with biological activity similar NSC 314622 (3)  phenanthridin-6-one (4)  [2,3-clquinolone (5)

to that of tamoxifer?. NSC314622 3) belongs to a class of ~ Figure 1. Biologically active compounds.
cytotoxic topoisomerase | inhibitors that offer certain ad-

. COOH NH
vantages over the camptothecin€ompound4 is a poly- P : | >R
ADP-—ribose polymerase-1 inhibitor with a structural frame- R~ S L9 o L

= N n

work of phenanthridin-6-one and has significant protective CHO R,— | H
. . . # NHR,

effects in rat models of stroke and heart ischefn@om- AN R=NC R) 6_

pound5 was found to be an active molecule, which induces R, ! '

S and G2/M arrests of cell cycle, leading to apoptésis.

Because of its biological importance, quinoline has at- NH,  cHO
tracted much attention to its synthede&.However, despite g, .« ! N
much effort to its preparation, efficient methods for the & Z
synthesis of quinoline remain to be developed. We report
herein a novel way to construct quinoline by using the Ugi

R,COOH
R,—NC c

D (type II)
four-component reaction (U-4CR)and Pd-catalyzed aryl-  Figure 2. Arylation via the metal-catalyzed-€H activation.
ation as key synthetic steps.

) . (type II) by the metal-catalyzed intramolecular arylation that
Results and Discussion proceeds via €H bond activation. If successful, we might

In our pre\/ious communicatio¥d,we reported a concise find an efficient way to Synthesize the tricyclic or tetracyclic
synthesis of isoquinolines via the U-4CR/Heck reaction, and quinolines and isoquinolines (s&e 5 Figure 1), which could
a variety of unique isoquinolines were made. not be synthetically accessible by our previous published
Considering the value of the U-4CR as a useful tool to U-4CR/Heck reactiof’ _ .
quickly assemble a broad range of structurally diverse Recently, significant progress has been witnessed in the
a-acylamino amide# andC (Figure 2), we chose to apply =~ metal-catalyzed €H bond activation of aromatics to directly

the Ugi products to synthesize quinolinBgtype 1) andD generate the €C bond of biaryl molecule¥! For the direct
arylation of aromatic compounds, coordination of the sub-

* Corresponding authors. E-mail: zyang@pku.edu.cn (Z.Y.). strate with the arytmetal comple¥® or restriction of the
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Scheme 1. Two-Step Syntheses of Quinoliné4 and 16 Table 1. Two-Step Syntheses of Quinolines (Type 1)
COOH NH,

starting
Pd[OAc}z entry material Ugi product yield product yield

©/ O MeOH dppf )
25°C @)\ K,co, 0 N o COOH N, c cl
N H o o) @ NHBU  n-Bu,NBr Q NHBu @/' % . %H
DMF H R-8u
@ ‘Bu—NC cl N

80°C

N-'Bu O
N
8 9 (96 %) 11 (type 1} 1 © i % o 90% O o 92%2

NH: CHO OMe
OMe
‘BuNH Pd(OAc), BUNH._O

MeOH PCy, /J\\ COOH  NH,
28°C K,n::(:l3 @ N"o @» © I o H o
N-'Bu N
Me (37 %) n-| Bu,NBr 2 ©/KN 90% O o 98%°
12 cu,coou P cF, o 6 O 6
100°C Q CN-'Bu 2aa 2ab
Me CF,
c

’B" NC (97 %) CHO CF,
9 16 (type Il .

! NH,
Jf:rcoou Q
aryl fragments in certain spatial distaftplays a key role F © I o QEE o ?‘/NH
N

in the reaction. Thus, we envisaged that the -argktal 3 OMe ©* I 80% O
complex formed by oxidative addition of aryl iodideor C © F

might also couple with the other aromatic ring to form cl NC
quinolinesB or D via C—H activation because of their close |

. . NH, Q
spatial distance. ©/°°°” | Me Q Me0
To test the feasibility of the proposed quinoline synthesis, , © @AN N O M

substrated40 and15were made by the U-4CR based on the @om Pk © ° F O
procedure described in our previous paffetnder the /O 4aa 4ab

conditions, 10 and15were generated in 92% and 87% yields, \ CFs CFs

respectively, from two groups of substraés9 and9, 12— MeO °°°:H o % o %H

14 (Scheme 1). s L * meo WA hBu MeO O Ny
We then began to evaluate Pd-catalyzed annulation. After oHO © o 96% O o 8%

a systematic evaluation of the reaction conditions (see the CNC‘IB . ;T° Y 5‘:':9 Y

Supporting Information for details), we found that two types
of ligands were proved to be effective for Pd-catalyzed ., |

Cl
X . i COOH
intramolecular arylation reactions. NH, I o " o "
For the substrat0, dppf was identified to be the ligand ¢ ome Heo Ny B meo Ny R

in its Pd-catalyzed arylation, and the desired proddatas fe T om@ © LS A o 1w
obtained in 96% yield at 80C. However, when substrate CN-'Bu caa 1o o
15was used to do the Pd-catalyzed annulation, the electron- cl

rich ligand PCy had to be applied, presumably because of aReagents and conditions for the Pd-catalyzed annulation:
its lack of the electron-withdrawing group (such as the amide substrate (1.0 equiv), Pd(OAC5 mol %), dppf (6 mol %),

in compound10), and the reaction was carried out at 100 pgy,NBr (1.0 equiv), and KCO; (2.0 equiv) were dissolved in

°C to give the desired produd6 in 97% vyield. DMF (0.1 M) and heated to 8T for 1 h.P Reagents and conditions
The potential of this method was then explored through lg th? (l;t; C;éaw(zlezd anln(;l?tuog ls\lul??strlage (1.0 ;Bqu“g lg%%?AC)

mol % mol %), Nn-bu r equiv), an

g\s app!lcatlon in syntheses of Q|verse 9“'”0".”65 (type - (2.0 equiv) we)rge dissolved in Dl\/fF (0.1 ™) a?nd heated to°80

ccordingly, we used commercially available isocyanides, "1}

aldehydes, anilines, and iodobenzoic acids to make the Ugi

productslaa—6aa and applied them to Pd-catalyzed aryl-  To this end, we first made the 3-iodo-bendiiiophene-

ations to generate the annulated produtab—6ab (see 2-carboxylic acidl7,° and then carried out its U-4CR with

Table 1). It is worthwhile to notice that as the electron density substrates, 9, and18. As a result, thex-acylamino amide

of iodobenzoic acid is increased, the oxidative capability of 19 was obtained in 92% yield. Thus, under the optimized

its Ugi product to the metal is decreased. As a result, the conditions, we got the desired prodi&fl in 93% yield by

electron-rich ligand PGywas eventually utilized to promote  Pd-catalyzed intramolecular arylation from substrag

its annulation (see entries 5 and 6 in Table 1). realizing an efficient way to make a derivative of berge[
To make type Il quinolines, compound®a—7ba were thiophene[2,3]quinolone5 (see Scheme 2).

made from different types of substrates for the U-4CR under To assess the generality of this one-pot synthetic reaction,

our optimized conditions, and their arylations were achieved particularly with regard to the generation of structurally

efficiently through Pd-catalyzed-H activation. The results  diverse analogues of compouBdve selected four additional

are listed in Table 2. groups of substrates to do the U-4CRs, and the generated
Considering the chemical versatility, we then explored the Ugi products underwent Pd-catalyzed annulation to afford

feasibility to synthesize even more complex molecules (suchthe desired biaryl productscb—4cb in good to excellent

as5 in Figure 1) by this two-step sequence. yields (see entries-14 in Table 3).
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Table 2. Two-Step Syntheses of Quinolines (Typéetll)

Ma et al.

Scheme 2. Synthesis of Compoung0

entry fnt::tei:_;gl Ugi product yield product yield ! NH,
) @\/\gfcoorl I o H
CHO NH, o N-Bu s NSy N\’Bu
: )o'\ H -8 )o’\ 17 OMe MeOH s o
1 C,Hs U 78% O N“CH, 829 18 e 19
| o E——
C,H,COOH CN-'Bu O (92%)
b Bu-NC OMe
CHO
NH CHO
o OMe o Meo O3 NHEU 8 9 Pd(OAc), n-Bu,NBr, DMF
) A, R-Bu gy O N,ko 2% dppf, K.CO; | 80°C (93%)
CH,COOH CN-Bu I\© O
2bb
CHO COOH F o H
| s R
I N tBl.l
3 r 4 H 90% Q )1\©\ 93% ] o
O F
HzNO O\NC @ 3ba 3bb 20 OMe

CHO COOH
|

4 © 92%
OMe \O O
MeO
@ 4b 4bb
H2N© NC 2

1
5 /@ 91% 78%
MeO 'Bu MeO
°Me HOOC
MeO

Hz Bu‘-NC Sba

’Bu

5bb

Table 3. Two-Step Syntheses of Polycyclic Heterocyéles

starting " N N
entry material Ugi product yield product yield

Egz

)—COOH

|
CHO

COOMe
‘Bu—NC

i

)—COOH

CHO ]
\H, % , NH, cHO
@Meo' C ©)K O 89% O )K© 95% © ©
COOH  NcC COOMe OMe
© @ 6bb ‘Bu—NG
OMe

Csz

z

cHo . w, H BO
G0 R

cl Cl

‘Bu—NC CI|
aReagents and conditions for the Pd-catalyzed annulation:
substrate (1.0 equiv), Pd(OAc)5 mol %), PCy(12 mol %), )~ COOH
n-BusNBr (1.0 equiv), and KCOs (2.0 equiv) were dissolved in | NH,
DMF (0.1 M) and heated to 10€C for 1 h. s
In conclusion, we have developed a highly efficient o _NEOOMS

approach to synthesize structurally diverse quinoline-based
polycyclic compounds via a sequence of U-4CR/Pd-catalyzed substrate (L0 equiv), Pd(OACI5 mol %). dppf (6 mol %),

intramolecular arylation. This two-step synthetic approach - BusNBr (1.0 equiv), and KCOs (2.0 equiv) were dissolved in
allows us to make a variety of quinoline-based heterocycles pmr (0.1 M) and heated to 88C for 1 h.

easily. We anticipate that this method may have interesting
implications on the construction of structurally diverse stirred for 5 min followed by addition of isocyanide (1.0
heterocyclic molecules and will find an application in the mmol), and the reaction mixture was stirred overnight. The
field of combinatorial chemistry, diversity-oriented synthesis, solvent was removed under vacuum, and the residue was
and drug discovery. purified by flash chromatography (EtOAc/GEl,/petroleum
ether) to give the corresponding Ugi product.
General Procedure for the Systematic Evaluation of
General Procedure for the Ugi Reaction.To a solution Pd-Catalyzed Arylation with Compound 10 as the Tested
of arylamine (1.0 mmol) in MeOH (1.0 mL) was added Substrate (Table 4).To a solution of the palladium catalyst,
aldehyde (1.0 mmol), and the reaction mixture was stirred ligand, and the Ugi product (0.5 mmol) in DMF (5 mL) were
at room temperature for 10 min. After addition of acid (1.0 added tetrabutylammonium bromide (161 mg, 1.0 mmol) and
mmol) to the reaction mixture, the reaction mixture was K,CO; (138 mg, 2.0 mmol) under nitrogen in a dry Schlenk

aReagents and conditions for the Pd-catalyzed annulation:

Experimental Section



Synthesis of Functionalized Quinolines Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 699

Table 4. Conditions Screening for €H Activation N-tert-Butyl-2-(4-chlorophenyl)-2-(2-methoxy-6-oxo-
Reactions 6H-phenanthridin-5-yl)-acetamide (1ab).To a solution of
p y
Pd-  loading temptime yield Pd(OAc) (5.6 mg, 0.025 mmol), dppf (16.6 mg, 0.03 mmol),

entry catalyst (%) ligand base  additive (°C) (h) (%) and 1laa (228 mg, 0.5 mmol) in DMF (5 mL) were added

; Egggﬁci 18 gppf Péggas n-gmmigr* 28 i g? tetrabutylammonium bromide (160.6 mg, 1.0 mmol) and K

c ppPp n-BusN*Br- - - .

3 Pd(0AG 10 PPh3 KCOwnBWN‘Br- 80 1 97 CO; (138 mg, 2.0 mmol) .under mtroggn in a dried Schlenk

4 Pd(dppfiCl, 10 K,COs n-BuN*Br- 80 5 68 tube, and the reaction mixture was stirred at°80for 1 h.

g EggEEngIz ig Ezg& n-gwmigr* 28 23 zg The reaction mixture was first cooled to room temperature

2 N-Buyl r

7 sz(dba; 5 PPh KOO NMBUN‘Br- 80 7 83 and a_dded to water (30 mL) and @El, (10 mL). The

8 Pd(OAC) 10 K,CO, n-BuN*Br- 80 7 82 organic layers were separated, and the water phase was
158 l;g((gAAci 18 EEE Ezg& n-BusN*Br- 28 i gg extracted with CHCI, (3 x 10 mL). The combined organic

C 2! i i i

11 Pd(0AG 3 PPh KOO\ nBWN‘Br- 80 22 58 layer was washed with brine (8 10 mL) and dried over

12 Pd(OAC) 5 PPh K,CO, n-BuN*Br- 80 3 92 N&SO:. The solvent was removed under vacuum, and the
13 PgEOAcg 10 S’Pla EtN n—BmN:Br‘ 80 3 17 residue was purified by flash chromatography (eluting
14 Pd(OAc 5 dppp KCOs;n-BuN*Br- 80 2.5095 . _ ; )
15 PdOAG 5 dppl KCO,nBUN'B- 80 1 96 ;olvent. EtOAc/CHCI/PE= 1/1/6) .to give the correspond
16 Pd(OAC) 5 dppf EtN n-BwNBr- 80 1.5NR ing annulated produdtab (207 mg) in 92% yield*H NMR

17 Pd(OAc) 5 dppf K:CO;n-BuN*Br~ 80 1 91 (300 MHz, CDC¥): ¢ 1.27 (s, 9H), 3.86 (s, 3H), 6.19 (s,

1H), 6.93 (dd,J = 9.0 Hz, 2.7 Hz, 1H), 7.06 (br, 1H), 7.23
tube, and the reaction mixture was stirred at’80for 1 or 7.30 (m, 4H), 7.36 (dJ = 9.3 Hz, 1H), 7.577.63 (m, 1H),
24 h. The reaction mixture was first cooled to room 7.74 (d,J= 1.8 Hz, 1H), 7.7#7.83 (m, 1H), 8.26 (d) =
temperature and added to water (30 mL) and,Ci (10 8.1 Hz, 1H), 8.53 (ddJ = 8.1 Hz,J = 1.2 Hz, 1H).13C
mL). The organic layers were separated, and the water phas&MR (75 MHz, CDCk): ¢ 28.4, 51.6, 55.4, 60.0, 107.2,
was extracted with CHCl, (3 x 10 mL). The combined 115.8,119.2,120.8, 121.8, 125.1, 128.2, 128.4, 129.1, 129.2,
organic layer was washed with brine £310 mL) and dried 130.2,132.9, 133.0, 133.2, 133.6, 155.3, 161.9, 167.2. HRMS
over NaSQ;. The solvent was removed under vacuum, and (El): calcd for GgHsN.CIO3 (M™), 448.1554; found,
the residue was purified by flash chromatography (EtOAc/ 448.1554.
CH.CI,/PE = 1/1/7) to give the corresponding annulated  N-tert-Butyl-2-(6-0xo-2-trifluoromethyl-6 H-phenanthri-
product1l din-5-yl)-2-phenylacetamide (2ab).To a solution of Pd-
(OAc), (5.6 mg, 0.025 mmol), dppf (16.6 mg, 0.03 mmol),
IL and2aa(290.2 mg, 0.5 mmol) in DMF (5 mL) were added
o H 0 NH tetrabutylammonium bromide (161 mg, 1.0 mmol) and K
@)kN NK . J CG; (138 mg, 2.0 mmol) under nitrogen in a dried Schlenk
o O tube, and the reaction mixture was stirred at°’80for 1 h.
@ The reaction mixture was first cooled to room temperature
10 1" and added to water (30 mL) and &E, (10 mL). The
organic layers were separated, and the water phase was
N-tert-Butyl-2-(6-oxo-6H-phenanthridin-5-y1)-2-phenyl- extracted with CHCI, (3 x 10 mL). The combined organic
acetamide (11).To a solution of Pd(OAg)(5.6 mg, 0.025  layer was washed with brine (8 10 mL) and dried over
mmol), dppf (16.6 mg, 0.03 mmol), antD (256 mg, 0.5 N&SQ,. The solvent was removed under vacuum, and the
mmol) in DMF (5 mL) were added tetrabutylammonium residue was purified by flash chromatography (eluting
bromide (160.6 mg, 1.0 mmol) and,&0; (138 mg, 2.0 solvent: EtOAc/CHCI,/PE= 1/1/9) to give the correspond-
mmol) under nitrogen in a dried Schlenk tube, and the ing annulated produ@ab (228 mg) in 98% yield:H NMR
reaction mixture was stirred at 8€ for 1 h. The reaction (300 MHz, CDC}): ¢ 1.33 (s, 9H), 6.01 (s, 1H), 6.91 (s,
mixture was first cooled to room temperature and added to 1H), 7.26-7.37 (m, 5H), 7.5+7.59 (m, 2H), 7.657.70 (m,
water (30 mL) and CkCl, (10 mL). The organic layers were ~ 1H), 7.84-7.90 (m, 1H), 8.33 (dJ = 8.1 Hz, 1H), 8.51 (s,
separated, and the water phase was extracted witcgH  1H), 8.57 (ddJ = 7.8 Hz,J = 1.2 Hz, 1H)."*C NMR (75
(3 x 10 mL). The combined organic layer was washed with MHz, CDCL): 0 28.5, 51.9, 61.9, 118.5, 119.9, 120.6, 1206,
brine (3x 10 mL) and dried over N&Q;. The solventwas ~ 121.9, 122.2, 124.7, 125.2, 125.3, 125.35, 125.38, 125.8,
removed under vacuum, and the residue was purified by flash127.6, 128.0, 128.8, 128.9, 129.3, 133.1, 133.5, 134.2, 139.1,
chromatography (eluting solvent: EtOAC/GBl,/PE=1/1/  162.4, 167.0. HRMS (El): calcd for £H2sN.0:Fs (M),
6) to give the corresponding annulated proditf185 mg)  452.1712; found, 452.1713.
in 96% yield.*H NMR (300 MHz, CDC}): 6 1.29 (s, 9H), 2-(4-Chloro-phenyl)-N-cyclohexyl-2-(9-fluoro-2-meth-
6.11 (s, 1H), 6.91 (br, 1H), 7.227.39 (m, 7H), 7.45 (ddJ oxy-6-o0xo0-@H-phenanthridin-5-yl)-acetamide (3ab).To a
=8.4 Hz,J= 1.2 Hz, 1H), 7.547.59 (m, 1H), 7.73-7.79 solution of Pd(OAg) (5.6 mg, 0.025 mmol), dppf (16.6 mg,
(m, 1H), 8.24-8.29 (m, 2H), 8.54 (dd)J=8.1 Hz,J=1.5 0.03 mmol), andBaa (310 mg, 0.5 mmol) in DMF (5 mL)
Hz, 1H).13C NMR (75 MHz, CDC}): 6 28.4, 51.5, 61.7, were added tetrabutylammonium bromide (161 mg, 1.0
117.6,119.7,121.7,122.9,123.1, 125.1,127.5, 127.6, 127.9 mmol) and KCO; (138 mg, 2.0 mmol) under nitrogen in a
128.4,129.0, 132.9, 133.9, 134.4, 136.8, 162.3, 167.4. HRMSdried Schlenk tube, and the reaction mixture was stirred at
(El): calcd for GsHo4NL,0, (M), 384.1838; found, 384.1837.  80°C for 1 h. The reaction mixture was first cooled to room
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temperature and added to water (30 mL) and,Cl (10 NaSO,. The solvent was removed under vacuum, and the
mL). The organic layers were separated, and the water phaseesidue was purified by flash chromatography (eluting
was extracted with CHCl; (3 x 10 mL). The combined  solvent: EtOAc/CHCI/PE= 1/1/9) to give the correspond-
organic layer was washed with brine 310 mL) and dried ing annulated produ&ab (196 mg) in 82% yield'H NMR
over NaSQ;. The solvent was removed under vacuum, and (300 MHz, CDC}): 6 1.31 (s, 9H), 3.92 (s, 3H), 4.05 (s,
the residue was purified by flash chromatography (eluting 3H), 6.20 (s, 1H), 6.82 (br, 1H), 6.90 (d,= 2.4 Hz, 1H),
solvent: EtOAc/CHCI,/PE= 1/1/8) to give the correspond- 7.21 (dd,J = 9.0 Hz,J = 2.4 Hz, 1H), 7.2#7.33 (m, 5H),

ing annulated produ@&ab (229 mg) in 93% yield!H NMR 7.40 (d,J = 9.0 Hz, 1H), 7.66 (dJ = 2.4 Hz, 1H), 9.18 (d,
(300 MHz, CDC}): 6 0.92-1.95 (m, 10H), 3.783.85 (m, J=2.4Hz, 1H).*3C NMR (75 MHz, CDC}): 6 28.4, 51.6,

1H), 3.86 (s, 3H), 6.20 (d] = 8.1 Hz, 1H), 6.93 (ddJ =  55.6, 56.0, 62.5, 101.9, 104.9, 116.8, 118.2, 121.1, 126.9,
10.5 Hz,J = 2.4 Hz, 1H), 7.00 (br, 1H), 7.257.36 (m,  127.2,127.5,127.7, 128.2, 128.5, 128.6, 133.8, 134.2, 158.7,
6H), 7.58 (d,J = 2.7 Hz, 1H), 7.85 (ddJ = 9.3 Hz,J=  159.9, 161.8, 167.3. HRMS (El): calcd fogdEiNOs (M),

2.7 Hz, 1H), 8.53 (ddJ = 9.0 Hz,J = 3.0 Hz, 1H).%*C 478.1655; found, 478.1653.
NMR (75 MHz, CDCE) o 24.5,24.6,25.2,32.4, 32.5, 48.6, N_[ert_Buty|_2_(2_ch|Oropheny|)_2_(8,lo_dimethoxy_z_
55.5, 59.8, 107.2, 107.7, 108.0, 116.2, 116.5, 116.7, 119.1,methy|-6-0xo_e—|_phenanthridin_5_y|)_acetamide (6ab)To
119.9,120.0, 121.6, 121.7,128.6, 129.1, 130.7, 132.3, 1325,3_ solution of Pd(OAQ) (56 mg, 0.025 mmo])’ PQ),(168
132.8,133.4,136.2, 136.3, 155.3, 161.2, 164.1, 166.9, 1674mg, 0.06 mmo|), andbaa (310 mg, 0.5 mmo|) in DMF (5
HRMS (El): calcd for GgHzeNoCIFO; (M¥), 492.1616;  mL) were added tetrabutylammonium bromide (161 mg, 1.0
found, 492.1617. mmol) and KCO; (138 mg, 2.0 mmol) under nitrogen in a
N-Cyclohexyl-2-(9-fluoro-6-oxo-2-triflouromethyl-6H- dried Schlenk tube, and the reaction mixture was stirred at
phenanthridin-5-yl)-2-(2-methoxyphenyl)-acetamide (4ab). 80°C for 1 h. The reaction mixture was first cooled to room
To a solution of Pd(OAg)(5.6 mg, 0.025 mmol), dppf (16.6  temperature and added to water (30 mL) and,Clk (10
mg, 0.03 mmol), andtaa (327 mg, 0.5 mmol) in DMF (5 mL). The organic layers were separated, and the water phase
mL) were added tetrabutylammonium bromide (161 mg, 1.0 was extracted with CkCl, (3 x 10 mL). The combined
mmol) and KCOs; (138 mg, 2.0 mmol) under nitrogen in a  organic layer was washed with brine ¥310 mL) and dried
dried Schlenk tube, and the reaction mixture was stirred at over NaSO,. The solvent was removed under vacuum, and
80°C for 1 h. The reaction mixture was first cooled to room the residue was purified by flash chromatography (eluting
temperature and added to water (30 mL) and,Clx (10 solvent: EtOAc/CHCI,/PE = 1/1/10) to give the corre-
mL). The organic layers were separated, and the water phasesponding annulated produgab (194 mg) in 79% yield!H
was extracted with CHCl, (3 x 10 mL). The combined  NMR (300 MHz, CDC}): 6 1.28 (s, 9H), 2.43 (s, 3H), 3.96
organic layer was washed with brine £310 mL) and dried (s, 3H), 4.09 (s, 3H), 6.22 (s, 1H), 6.90 (br, 1H), 6.95Jd,
over NaSO,. The solvent was removed under vacuum, and = 2.4 Hz, 1H), 7.12 (dd) = 8.4 Hz,J = 1.8 Hz, 1H), 7.25
the residue was purified by flash chromatography (eluting 7.30 (m, 5H), 7.69 (dJ = 2.4 Hz, 1H), 8.99 (dJ = 1.2 Hz,
solvent: EtOAc/CHCI/PE= 1/1/8) to give the correspond- 1H).3C NMR (75 MHz, CDC}): 6 21.3, 28.5, 51.7, 55.7,
ing annulated produetab (247 mg) in 94% yield*H NMR 56.0, 61.3, 101.8, 105.1, 116.8, 118.0, 119.8, 127.9, 128.2,
(300 MHz, CDC}): 6 1.08-1.86 (m, 10H), 3.863.89 (m, 128.4,129.1, 132.4, 132.7, 133.0, 133.2, 158.8, 159.5, 162.0,
1H), 3.91 (s, 3H), 5.69 (d) = 8.4 Hz, 1H), 6.63 (s, 1H), 167.4. HRMS (El): calcd for &H»oN,O,Cl (M), 492.1816;
6.92-7.28 (m, 2H), 7.36-7.47 (m, 4H), 7.64 (ddJ = 9.0 found, 492.1818.
Hz, J = 1.5 Hz, 1H), 7.92 (ddJ = 10.2 Hz,J = 2.4 Hz, 5-Acetyl-2-methyl-5,6-dihydrophenanthridine-6-car-
1H), 8.37 (s, 1H), 8.59 (dd] = 9.0 Hz,J = 6.0 Hz, 1H).  boxylic Acid tert-Butylamide (16). To a solution of Pd-
1%C NMR (75 MHz, CDC}): 6 24.58, 24.61, 25.5, 32.65, (OAc), (5.6 mg, 0.025 mmol), PGy(16.8 mg, 0.06 mmol),
32.71, 48.4, 55.7, 58.9, 107.7, 108.0, 110.9, 116.7, 1169,and 15 (232 mg, 0.5 mmo|) in DMF (5 m|_) were added
117.2,119.18, 119.22, 120.88, 120.94, 121.5, 122.2, 122.4,tetrabuty|ammonium bromide (16]_ mg, 1.0 mmo]) and K
122.5,122.6,124.7,125.1, 125.8, 126.4, 126.5, 128.9, 1304,003 (138 mg, 2.0 mmo]) under nitrogen in a dried Schlenk
132.4,132.6, 135.6, 135.8, 140.7, 157.0, 161.6, 164.2, 166.3tube, and the reaction mixture was stirred at 1GCfor 1 h.
167.6. HRMS (EI): calcd for gHogN2OsFs (MT), 526.1880;  The reaction mixture was first cooled to room temperature
found, 526.1874. and added to water (30 mL) and @B, (10 mL). The
N-tert-Butyl-2-(2-chloro-8,10-dimethoxy-6-oxo-61-phen- organic layers were separated, and the water phase was
anthridin-5-yl)-2-phenylacetamide (5ab).To a solution of extracted with CHCl, (3 x 10 mL). The combined organic
Pd(OAc) (5.6 mg, 0.025 mmol), PGY16.8 mg, 0.06 mmol), layer was washed with brine (8 10 mL) and dried over
and5aa (310 mg, 0.5 mmol) in DMF (5 mL) were added Na&SQ,. The solvent was removed under vacuum, and the
tetrabutylammonium bromide (161 mg, 1.0 mmol) and K residue was purified by flash chromatography (eluting
CGOs (138 mg, 2.0 mmol) under nitrogen in a dried Schlenk solvent: EtOAc/CHCI/PE= 1/1/7) to give the correspond-
tube, and the reaction mixture was stirred at°@0for 1 h. ing annulated product6 (163 mg) in 97% yield'H NMR
The reaction mixture was first cooled to room temperature (300 MHz, CDC}): 6 1.13 (s, 9H), 2.26 (s, 3H), 2.42 (s,
and added to water (30 mL) and g&l, (10 mL). The 3H), 5.80 (br, 1H), 6.34 (s, 1H), 7.14 (br, 2H), 7-33.46
organic layers were separated, and the water phase wagm, 3H), 7.62 (s, 1H), 7.81 (dl = 7.8 Hz, 1H).23C NMR
extracted with CHCI; (3 x 10 mL). The combined organic (75 MHz, CDC}k): ¢ 21.2, 22.3, 28.6, 51.2, 57.8, 123.1,
layer was washed with brine (8 10 mL) and dried over = 123.3, 124.7,125.3, 128.0, 128.5, 128.6, 130.6, 132.7, 133.6,
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136.3, 167.6, 170.4. HRMS (EI): calcd fop#,4N,0O, (M™), NaSQO,. The solvent was removed under vacuum, and the
336.1838; found, 336.1841. residue was purified by flash chromatography (eluting
5-Propionyl-5,6-dihydrophenanthridine-6-carboxylic solvent: EtOAc/CHCI/PE= 1/1/8) to give the correspond-

Acid tert-Butylamide (1bb). To a solution of Pd(OAg)(5.6 ing annulated produ@bb (214 mg) in 93% yield'H NMR

mg, 0.025 mmol), PGy(16.8 mg, 0.06 mmol), antlba (232 (300 MHz, CDC}): 6 0.92-1.78 (m, 10H), 3.59:3.62 (m,

mg, 0.5 mmol) in DMF (5 mL) were added tetrabutylam- 1H), 6.14 (br, 2H), 6.65 (d] = 7.8 Hz, 1H), 7.03-7.41 (m,
monium bromide (161 mg, 1.0 mmol) and®0Os; (138 mg, 8H), 7.57 (ddJ = 9.9 Hz,J = 2.4 Hz, 1H), 7.74 (dJ =

2.0 mmol) under nitrogen in a dried Schlenk tube, and the 7.8 Hz,J = 1.5 Hz, 1H).23C NMR (75 MHz, CDC}): ¢
reaction mixture was stirred at 10Q for 1 h. The reaction  24.3, 24.4, 25.3, 32.5, 32.7, 48.1, 58.8, 110.3, 110.6, 115.1,
mixture was first cooled to room temperature and added to 115.4, 124.7, 125.7, 126.2, 126.78, 126.81, 128.4, 128.6,
water (30 mL) and CkCl, (10 mL). The organic layers were  129.8, 129.87, 129.94, 130.3, 131.0, 132.2, 132.7, 132.8,
separated, and the water phase was extracted witClgH  135.6, 137.5, 161.5, 164.8, 167.1, 168.9. HRMS (EI): calcd
(3 x 10 mL). The combined organic layer was washed with for Cy;H,4NO,FCI (MT), 462.1510; found, 462.1511.

brine (3> 10 mL) and dried over N&Q.. The solvent was 9-Fluoro-5-(4-methoxybenzoyl)-5,6-dihydrophenanthri-
removed under vacuum, and the residue was purified by ﬂaShdine-G-carboxyIic Acid Cyclohexylamide (4bb).To a
chromatography (eluting solvent: EtOAc/@E/PE= 1/1/ solution of Pd(OAG) (5.6 mg, 0.025 mmol), PGy(16.8 mg,

8) to give_the corresponding annulated prodLlmb (141 mg) 0.06 mmol), andtba (293 mg, 0.5 mmol) in DMF (5 mL)

in 82% yield."H NMR (300 MHz, CDCl): 6 1.11-1.15  \are added tetrabutylammonium bromide (161 mg, 1.0
(m, 12H), 2.46-2.48 (m, 1H), 2.652.78 (m, 1H), 5.80 (s, mmol) and KCOs; (138 mg, 2.0 mmol) under nitrogen in a

1H), 6.34 (br, 1H), 7'_2%7'46 (m, 6H), 7.81 (m, 2H}-"C dried Schlenk tube, and the reaction mixture was stirred at
NMR (75 MHz, CDCl): 0 9.6, 27.3,28.3,51.1, 58.0,123.3, 145 for 1 h. The reaction mixture was first cooled to

igg; i?zjg 116?;55511724175&;?42 1E2|84 }20?%6’ 128.8, 130'5'r00m temperature and added to water (30 mL) and@H
w - Y by (El): calcd farkNO, (10 mL). The organic layers were separated, and the water

(M™), 336.1838; found, 336_'1834' o phase was extracted with GEl, (3 x 10 mL). The
5-Acetyl-7-methoxy-5,6-dihydrophenanthridine-6-car-  ¢ompined organic layer was washed with brine«30 mL)
boxylic Acid tert-Butylamide (2bb). To a solution of Pd- and dried over Ng8O,. The solvent was removed under
(OAC), (5.6 mg, 0.025 mmol), PGY(16.8 mg, 0.06 mmol),  y4cyum, and the residue was purified by flash chromatog-
and2ba (240 mg, 0.5 mmol) in DMF (5 mL) were added 5o, (eluting solvent: EtOAC/CAEI/PE= 1/1/10) to give
tetrabutylammonium bromide (151 ma, ?'O ”"'”_‘0') and K e corresponding annulated proddtb (211 mg) in 92%
CGOs (138 mg, 2.0 mmol) under nitrogen in a dried Schlenk yield. *H NMR (300 MHz, CDC}): & 0.79-1.83 (m, 10H),

Ell_.lr:)e, andt.the rgatc:t|on mlxtfl_Jretwaslsgr:ed at 10tO‘or 1 h.t 3.59-3.79 (m, 1H), 3.80 (s, 3H), 6.14 (s, 1H), 6:36.40
e reaction mixture was first cooled to room temperature (M., 1H), 6.66 (dd,) = 7.8 Hz,J = 0.9 Hz, 1H), 6.78 (dy

and added to water (30 mL) and @B, (10 mL). The — 0.3 Hz, 2H), 6.99-7.21 (m. 3H), 7.357.43 (m, 3H), 7.56
organic layers were separated, and the water phase was_ ", _ > 71— o ' T AT = o
extracted with CHCI; (3 x 10 mL). The combined organic zddlg Hzg.le;?éé Nl\is(liéoll\l/l_&;ggéi)d% 212 'Zl‘i

layer was washed with brine (8 10 mL) and dried over
NZQSO4. The solvent was rem(()ved undzzr vacuum. and the 25.4,29.7, 32.6, 32.7, 48.0, 55.3, 59.0, 110.1, 110.4, 113.5,
' 114.9, 115.2, 124.7, 125.6, 125.70, 125.72, 126.76, 126.78,

residue was purified by flash chromatography (eluting
solvent: EtOAC/CHCL/PE = 1/1/8) to give the correspond- 128.2, 128.86, 128.89, 129.86, 129.94, 131.9, 132.9, 133.0,
136.3, 161.9, 162.1, 164.3, 167.6, 169.9. HRMS (FAB):

ing annulated produ@bb (162 mg) in 92% yield!H NMR . _
(300 MHz, CDCY): & 1.16 (s, 9H), 2.28 (s, 3H), 3.95 (s, calcd for GeHzgN.OsF ([M + HJY), 459.2080; found,
3H), 6.22 (br, 1H), 6.78 (s, 1H), 6.93 (dd= 7.8 Hz,J=  4°9.2078.
1.2 Hz, 1H), 7.25-7.46 (m, 5H), 7.76 (dd) = 7.2 Hz,J = 5-(4-Chlorobenzoyl)-8,9-dimethoxy-5,6-dihydrophenan-
1.2 Hz, 1H).23C NMR (75 MHz, CDC}): 6 22.5, 28.6,50.9, thridine-6-carboxylic Acid tert-Butylamide (5bb). To a
52.0, 55.8, 110.0, 116.0, 123.1, 124.7, 125.1, 125.9, 128.1,solution of Pd(OAc) (5.6 mg, 0.025 mmol), PGY16.8 mg,
129.1,132.1, 136.4, 155.2, 167.6, 170.2. HRMS (El): calcd 0.06 mmol), ancsba (303 mg, 0.5 mmol) in DMF (5 mL)
for C1H24N03 (M™), 352.1787; found, 352.1799. were added tetrabutylammonium bromide (161 mg, 1.0
5-(4-Chlorobenzoyl)-9-fluoro-5,6-dihydrophenanthridine- ~ Mmol) and KCO; (138 mg, 2.0 mmol) under nitrogen in a
6-carboxylic Acid Cyclohexylamide (3bb).To a solution dried Schlenk tube, and the reaction mixture was stirred at
of Pd(OAc) (5.6 mg, 0.025 mmol), PGy(16.8 mg, 0.06 100 °C for 1 h. The reaction mixture was first cooled to
mmol), and3ba (295 mg, 0.5 mmol) in DMF (5 mL) were ~ room temperature and added to water (30 mL) angd@H
added tetrabutylammonium bromide (161 mg, 1.0 mmol) and (10 mL). The organic layers were separated, and the water
K,COs (138 mg, 2.0 mmol) under nitrogen in a dried Schlenk phase was extracted with GEl, (3 x 10 mL). The
tube, and the reaction mixture was stirred at 1GCfor 1 h. combined organic layer was washed with brine<30 mL)
The reaction mixture was first cooled to room temperature and dried over N&Q,. The solvent was removed under
and added to water (30 mL) and @, (10 mL). The vacuum, and the residue was purified by flash chromatog-
organic layers were separated, and the water phase wasaphy (eluting solvent: EtOAc/CIEI/PE= 1/1/8) to give
extracted with CHCI, (3 x 10 mL). The combined organic  the corresponding annulated prodgbb (186 mg) in 78%
layer was washed with brine (8 10 mL) and dried over  yield.'H NMR (300 MHz, CDC}): ¢ 1.16 (s, 9H), 3.97 (s,
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3H), 4.02 (s, 3H), 6.07 (s, 1H), 6.12 (s, 1H), 6.60 Jd=
7.8 Hz, 1H), 6.90 (s, 1H), 6.936.98 (m, 1H), 7.177.38
(m, 6H), 7.73 (d,J = 7.8 Hz, 1H).13C NMR (75 MHz,

CDCl): 6 28.5,51.3, 56.0, 56.1, 59.5, 106.5, 111.0, 123.3,

Ma et al.

N-tert-Butyl-2-(2-methoxy-6-oxo-61-7-thia-5-aza-ben-
zo[c]fluoren-5-yl)-2-phenyl Acetamide (20).To a solution
of Pd(OAc} (5.6 mg, 0.025 mmol), dppf (16.6 mg, 0.03
mmol), and19 (299 mg, 0.5 mmol) in DMF (5 mL) were

123.9,125.7,125.8, 126.1, 126.8, 127.9, 128.5, 131.0, 132.4 added tetrabutylammonium bromide (161 mg, 1.0 mmol) and

134.9, 137.3, 149.4, 149.5, 167.6, 168.8. HRMS (FAB):
calcd for GH.eN,O4Cl (M + H]1), 479.1727; found,
479.1732.
5-Benzoyl-2-methoxy-5,6-dihydrophenanthridine-6-car-
boxylic Acid Cyclohexylamide (6bb).To a solution of Pd-
(OACc), (5.6 mg, 0.025 mmol), PGY16.8 mg, 0.06 mmol),
and6ba (284 mg, 0.5 mmol) in DMF (5 mL) were added
tetrabutylammonium bromide (161 mg, 1.0 mmol) and K
CO; (138 mg, 2.0 mmol) under nitrogen in a dried Schlenk
tube, and the reaction mixture was stirred at 10Cor 1 h.

K2COs (138 mg, 2.0 mmol) under nitrogen in a dried Schlenk
tube, and the reaction mixture was stirred at°80for 1 h.

The reaction mixture was first cooled to room temperature
and added to water (30 mL) and @&, (10 mL). The
organic layers were separated, and the water phase was
extracted with CHCI, (3 x 10 mL). The combined organic
layer was washed with brine (8 10 mL) and dried over
Na&SO,. The solvent was removed under vacuum, and the
residue was purified by flash chromatography (eluting
solvent: EtOAc/CHCI,/PE= 1/1/9) to give the correspond-

The reaction mixture was first cooled to room temperature ing annulated produc@0 (218 mg) in 93% yield*H NMR

and added to water (30 mL) and @B, (10 mL). The

(300 MHz, CDCH): 6 1.32 (s, 9H), 3.90 (s, 3H), 6.24 (s,

organic layers were separated, and the water phase wadH), 6.98 (ddJ=9.3,J= 2.7 Hz, 1H), 7.12 (br, 1H), 7.23

extracted with CHCIl; (3 x 10 mL). The combined organic
layer was washed with brine (8 10 mL) and dried over

7.37 (m, 5H), 7.56-7.62 (m, 3H), 7.95-7.98 (m, 1H), 8.09
(d,J = 2.7 Hz, 1H), 8.59-8.63 (M, 1H)3C NMR (75 MHz,

Na,SQ,. The solvent was removed under vacuum, and the CDCl): 6 28.4,51.7, 55.5, 60.9, 107.8, 114.9, 119.7, 120.8,

residue was purified by flash chromatography (eluting
solvent: EtOAc/CHCI/PE= 1/1/9) to give the correspond-
ing annulated produ@bb (208 mg) in 95% yield'H NMR
(300 MHz, CDC}): 6 0.93-1.75 (m, 10H), 3.66-3.65 (m,
1H), 3.81 (s, 3H), 6.196.21 (m, 2H), 6.53-6.54 (m, 2H),
7.25-7.52 (m, 9H), 7.86 (dJ = 7.5 Hz, 1H).13C NMR (75
MHz, CDCk): 6 24.3, 24.4, 25.4, 32.6, 32.7, 48.0, 55.4,

123.7,125.2,125.4,127.1, 127.6, 127.7, 128.4, 131.6, 132.5,
134.4, 135.5, 135.7, 142.7, 155.0, 158.7, 167.1. HRMS
(El): calcd for GgHaN-0sS (M*), 470.1664; found, 470.1666.
5-(tert-Butylcarbamoyl-phenyl-methyl)-6-oxo-5,6-hydidro-
7-oxa-5-aza-benzdlfluorine-2-carboxylic Acid Methyl
Ester (1cb). To a solution of Pd(OAg) (5.6 mg, 0.025
mmol), dppf (16.6 mg, 0.03 mmol), artta (305 mg, 0.5

59.4,109.2, 113.6, 123.5, 126.8, 128.2, 128.4, 128.8, 128.9,mmol) in DMF (5 mL) were added tetrabutylammonium
129.0, 129.5, 130.2, 130.9, 131.0, 133.0, 134.2, 157.4, 167.6 bromide (161 mg, 1.0 mmol) and,RO; (138 mg, 2.0 mmol)

169.8. HRMS (EI): calcd for &H2sN.O5 (M), 440.2100;
found, 440.2102.
5-Benzoyl-2-chloro-8-methoxy-5,6-dihydrophenanthri-
dine-6-carboxylic Acid Cyclohexyl Amide (7bb). To a
solution of Pd(OAg) (5.6 mg, 0.025 mmol), PGY16.8 mg,
0.06 mmol), andrba (301 mg, 0.5 mmol) in DMF (5 mL)

under nitrogen in a dried Schlenk tube, and the reaction
mixture was stirred at 80C for 1 h. The reaction mixture
was first cooled to room temperature and added to water
(830 mL) and CHCI, (10 mL). The organic layers were
separated, and the water phase was extracted witCIzH
(3 x 10 mL). The combined organic layer was washed with

were added tetrabutylammonium bromide (161 mg, 1.0 brine (3x 10 mL) and dried over N&O;. The solvent was

mmol) and KCOs; (138 mg, 2.0 mmol) under nitrogen in a

removed under vacuum, and the residue was purified by flash

dried Schlenk tube, and the reaction mixture was stirred at chromatography (eluting solvent: EtOAc/@El,/PE= 1/1/

100 °C for 1 h. The reaction mixture was first cooled to
room temperature and added to water (30 mL) and@H

7) to give the corresponding annulated prodiait (217 mg)
in 90% yield.*H NMR (300 MHz, CDC}): 6 1.34 (s, 9H),

(10 mL). The organic layers were separated, and the water3-99 (s, 3H), 6.04 (s, 1H), 7.09 (br, 1H), 7:27.36 (m, 5H),

phase was extracted with GEl, (3 x 10 mL). The
combined organic layer was washed with brinex(30 mL)
and dried over Ng&80O,. The solvent was removed under

7.54-7.77 (m, 4H), 8.02 (ddJ = 9.0,J = 1.8 Hz, 1H),
8.38 (d,J = 7.5 Hz, 1H), 9.00 (dJ = 1.8 Hz, 1H).:%C
NMR (75 MHz, CDCE): 6 28.4, 52.0, 52.3, 60.8, 112.9,

vacuum, and the residue was puriﬁed by flash Chromatog_ 117.2,118.3,122.6, 122.9, 124.4,124.5,124.7, 126.3, 127.8,

raphy (eluting solvent: EtOAc/CIEI,/PE= 1/1/7) to give
the corresponding annulated prod@bib (219 mg) in 91%
yield. 'H NMR (300 MHz, CDC}): 6 0.86-1.64 (m, 10H),
3.59-3.65 (m, 1H), 3.87 (s, 3H), 6.16 (s, 1H), 6.23 {d=
7.5Hz, 1H), 6.55 (dJ = 8.4 Hz, 1H), 6.86 (dd]) = 8.4 Hz,
J = 2.4 Hz, 1H), 6.93 (dJ = 2.4 Hz, 1H), 7.04 (dd) =
8.7 Hz,J = 2.4 Hz, 1H), 7.2%7.45 (m, 5H), 7.69 (dJ =
2.4 Hz, 1H), 7.76 (dJ = 8.7 Hz, 1H).13C NMR (75 MHz,

CDCl): 6 24.36, 24.42, 25.4, 32.6, 32.8, 48.2, 55.5, 59.5,

127.9,128.6,128.7, 128.9, 133.9, 139.8, 142.7, 154.9, 156.6,

166.0, 166.7. HRMS (El): calcd for &H6N20s (M),

482.1842; found, 482.1837.
5-(tert-Butylcarbamoyl-4-methoxyphenylmethyl)-6-oxo-

5,6-hydidro-7-oxa-5-aza-benza]-fluorine-2-carboxyl-ic

Acid Methyl Ester (2cb). To a solution of Pd(OAg)(5.6

mg, 0.025 mmol), dppf (16.6 mg, 0.03 mmol), &wh(320.2

mg, 0.5 mmol) in DMF (5 mL) were added tetrabutylam-

monium bromide (161 mg, 1.0 mmol) and®0s (138 mg,

113.1,115.3,122.7, 123.8, 125.0, 126.5, 126.8, 128.3, 129.22.0 mmol) under nitrogen in a dried Schlenk tube, and the
129.5,131.4, 133.6, 133.7, 134.4, 160.2, 167.1, 170.1. HRMSreaction mixture was stirred at 8C for 1 h. The reaction

(EI): 474 (M%): calcd for GaHaN;05Cl (M), 474.1710;
found, 474.1700.

mixture was first cooled to room temperature and added to
water (30 mL) and CkCl, (10 mL). The organic layers were
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separated, and the water phase was extracted witdfClcH  3.98 (s, 3H), 6.10 (s, 1H), 7.08 (s, 1H), 7-27.39 (m, 5H),

(3 x 10 mL). The combined organic layer was washed with 7.59-7.71 (m, 3H), 7.988.03 (m, 2H), 8.76 (dd) = 7.2
brine (3x 10 mL) and dried over N&O,. The solventwas  Hz, J = 1.8 Hz, 1H), 9.37 (dJ = 1.8 Hz, 1H).13C NMR
removed under vacuum, and the residue was purified by flash(75 MHz, CDCE): 6 28.5, 52.0, 52.4, 61.5, 118.4, 119.6,
chromatography (eluting solvent: EtOAc/@E,/PE= 1/1/ 123.8,124.5,125.7,125.8, 125.9, 127.6, 127.7, 128.0, 128.7,
7) to give the corresponding annulated prod2at (238 mg) 128.8,132.4,134.1, 135.3, 136.0, 140.6, 142.9, 159.3, 166.3,
in 93% yield.*H NMR (300 MHz, CDC}): 6 1.35 (s, 9H), 166.7. HRMS (EI): calcd for gH26N204S (M), 498.1613;
3.78 (s, 3H), 3.98 (s, 3H), 6.13 (s, 1H), 6:85.90 (m, 2H) found, 498.1616.

6.97 (br, 1H), 7.287.35 (m, 2H), 7.56-7.55 (m, 1H), 7.66-
7.71£m, 3H), 8.02 (ddj = 9'9 Hz,J=21 I1—|32, LH), 8.31 (20325208, 20225318, 20521202) and the RGC of Hong
(d,J= 7.8 Hz, 1H), 8.93 (d) = 2.1 Hz, 1H)°C NMR (75 Kong (HKUST6193/00P) are acknowledged

MHz, CDCk): ¢ 28.5, 52.0, 52.3, 55.2, 61.0, 113.1, 114.2, '
117.4,118.0,122.8, 123.0, 124.5, 124.7, 125.9, 126.4, 128.8, Supporting Information Available. Experimental pro-
129.0, 129.3, 139.9, 143.0, 155.0, 156.8, 159.2, 166.1, 166.9cedure and NMR and*C NMR spectra. This material is

Acknowledgment. Financial support from the NSFC

HRMS (El): calcd for GoH2eN2Os (M), 512.1947; found,
512.1948.
N-tert-Butyl-2-(2-chlroro-11-ethyl-6-oxo-@H,11-indolo-
[3,2-c]quinolin-5-yl)-2-(2-methoxyphenyl)-acetamide (3cb).
To a solution of Pd(OAg)(5.6 mg, 0.025 mmol), dppf (16.6
mg, 0.03 mmol), andca (322 mg, 0.5 mmol) in DMF (5

mL) were added tetrabutylammonium bromide (161 mg, 1.0

mmol) and KCO; (138 mg, 2.0 mmol) under nitrogen in a

dried Schlenk tube, and the reaction mixture was stirred at
80°C for 1 h. The reaction mixture was first cooled to room

temperature and added to water (30 mL) and,Cl (10

mL). The organic layers were separated, and the water phase

was extracted with CKCl, (3 x 10 mL). The combined
organic layer was washed with brine 310 mL) and dried

over NaSQ,. The solvent was removed under vacuum, and
the residue was purified by flash chromatography (eluting

solvent: EtOAc/CHCI,/PE = 1/1/10) to give the corre-
sponding annulated produgtb (237 mg) in 92% vyieldH
NMR (300 MHz, CDC}): 6 1.32 (s, 9H), 1.68 (tJ = 7.2
Hz, 3H), 3.87 (s, 3H), 4.73 (9] = 7.2 Hz, 2H), 5.80 (s,
1H), 6.84-6.89 (m, 1H), 6.96 (dJ = 7.8 Hz, 1H), 7.03 (br,
1H), 7.26-7.55 (m, 6H), 7.62 (dJ = 9.3 Hz, 1H), 8.13 (d,
J=2.1Hz, 1H),8.57 (dd) = 7.8 Hz,J = 1.2 Hz, 1H).:3C
NMR (75 MHz, CDC): 6 14.8, 28.5, 40.3, 51.4, 55.6, 58.1,

108.3, 108.9, 110.8, 115.7, 119.1, 120.9, 122.0, 122.0, 122.3,
123.3,124.2,124.9, 127.4,128.1, 128.5, 129.5, 137.3, 137.8,

139.1, 157.2, 160.0, 167.3. HRMS (EI): calcd faptoNzOs-
Cl (M%), 515.1976; found, 515.1980.
N-tert-Butylcarbamoylphenylmethyl-6-oxo-5,6-dihydro-
7-thia-5-aza-benzog]fluorine-2-carboxylic Acid Methyl
Ester (4cb). To a solution of Pd(OAg) (5.6 mg, 0.025
mmol), dppf (16.6 mg, 0.03 mmol), antta (323 mg, 0.5
mmol) in DMF (5 mL) were added tetrabutylammonium
bromide (161 mg, 1.0 mmol) and,RO; (138 mg, 2.0 mmol)

under nitrogen in a dried Schlenk tube, and the reaction

mixture was stirred at 80C for 1 h. The reaction mixture

was first cooled to room temperature and added to water

(30 mL) and CHCI, (10 mL). The organic layers were
separated, and the water phase was extracted wittCIgH

(3 x 10 mL). The combined organic layer was washed with

brine (3x 10 mL) and dried over N&QO,. The solvent was

removed under vacuum, and the residue was purified by flash

chromatography (eluting solvent: EtOAc/@E,/PE= 1/1/
8) to give the corresponding annulated prodiatt (217 mg)
in 87% yield.*H NMR (300 MHz, CDC}): 6 1.34 (s, 9H),

available free of charge via the Internet at http:/pubs.acs.org.
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