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One-pot synthesis of Polyhydropyrido[1,2-aJindoles and Tetracyclic
Quinazolinones from 2-Arylindoles Using Copper-mediated Oxidative Tandem

Reactions

Mitsuaki Yamashitd', Yukari Nishizon8, Seiya Himekawhand Akira lidd
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Abstract

We developed facile one-pot methods for the transftion of 2-arylindoles to
polyhydropyrido[1,2a]indoles and tetracyclic quinazolinones. The coppaalyzed oxidation of
2-arylindoles toC-acylimines followed by aza-Diels-Alder reactions axidative ring-expansion

reactions afforded significant polycyclic heteroegc
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1. Introduction

Copper-catalyzed reactions are one of the most ritapb and attractive strategies in organic
synthesis due to their efficiency, good functiogedup tolerance, and economyAs part of our
work on one-pot catalysi$, we recently reported the synthesis of 2-arylbeazimones and
N-benzoyl anthranilic acidsia copper-catalyzed tandem oxidative reactions ofryBraloles
(Scheme 1aj. In this paper, plausible intermedigt@was proposed (Scheme 2a). To the best of our
knowledge, synthesis methods for fBeacylimine species involved drawbacks such as aptem
multistep procedure for the preparation of subsg,dbw reaction selectivity or yield, and the o$e
an expensive palladium catalyst.Based on these reports and motivated by the Bitecge
reactivities ofC-acylimine specie$, we decided to explore efficient methods to comstpolycyclic
heterocycles via the acylimino species. Herein, we report the ssith of
polyhydropyrido[1,2a]indoles and tetracyclic quinazolinones from 2-smybles using a
combination of copper-mediated oxidative tandemctieas and aza-Diels-Alder reactions or

oxidative ring expansion reactions (Schemes 1blahd

Preliminarily, we tested three reactions becausewaee unable to obtaida in previous work,
probably due to the fast conversion @& to 2a at high temperatures: (i) The reaction of
2-phenylindole 1a with pyridine (2.0 equivalents) instead of J&®; proceeded even at room

temperature, giving 2-phenylbenzoxazind@aeandN-benzoyl anthranilic aci@a in 65% and 23%



yields, respectively (Scheme 2b); (ii) the reactar2-phenylindolonéra in the presence of CuCl
(0.2 equivalents) and N@Os (2.0 equivalents) in DMSO at 80 °C for 12 h underQ atmosphere
resulted in 2-phenylbenzoxazino@a and N-benzoyl anthranilic aci®a in 69% and 29% yields,
respectively (Scheme 2c); (iii) the reaction of Iiepylindolone7a in the presence of 4@, (3.0
equivalents) in DMSO at 80 °C for 21 h under@mosphere resulted M-benzoyl anthranilic acid
3ain <37% yield (Scheme 2d). These results inditdaé7a is an intermediate of the transformation

of 2-phenyl indolela to 2-phenylbenzoxazinoria.

Scheme 1. Copper-catalyzed oxidative reactions of 2-aryliedo
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2. Results and Discussion

First, the results of our initial attempts to opim the reaction conditions for the synthesis of a
unique type of tricyclic scaffold, polyhydropyridgP-ajindolest, by an aza-Diels-Alder reaction are
shown in Table 1. Polyhydropyrido[1,2-a]indoles stxiwidely as key structures in several
biologically active materials such as cladoniamjtiesanthine-6-ones, and goniomitiné. The
reaction ofla in DMSO, which is a suitable solvent for the poaisly reported copper-catalyzed
oxidative reactiond,at rt for 24 h with Danishefsky’s die8a resulted in a moderate conversion to
hydropyrido[1,2-a]indoloneda in 59% vyield (Table 1, entry 1). The use of otlsetvents (i.e.,

acetonitrile, dichloromethane, and acetone) fos tieiaction did not improve results compared to



those obtained with DMSO (Table 1, entries 2-4)wkleer, the yield ofda was substantially
increased when the reaction was performed in benaed toluene, demonstrating that toluene is the
best solvent for this aza-Diels-Alder reaction (fEab, entries 5 and 6). We also examined the other
reaction conditions (e.g., temperature and numbequivalents of diene); however, there were no
further improvements in chemical yields (Table htries 7 and 8). A combination of the
copper-catalyzed oxidative reactions and the asdsBAlder reaction was then tested. Fortunately,
the reaction of 2-phenylindolg#a with CuCl (0.2 equivalents) and pyridine (2.0 e@lents) in
toluene gave hydropyrido[1,2-a]indoloda in moderate yield, while little improvement in theld

of 4a was observed when the reaction was performed atG(Table 2, entries 1 and 2).
Unfortunately, neither 1.0 nor 4.0 equivalents wifigine resulted in a higher yield (Table 2, er3)y

No further improvement was obtained when 0.5 edenta of CuCl was used (Table 2, entry 4).
These results suggest that the optimum numberwagnts of pyridine and CuCl are 2.0 and 0.2,

respectively.

Table 1. Optimization of reaction conditions for the azaBiAlder reactioh

10% HCI Ph
8a o -
»—Ph > - N
N solvent 0]

7a under Ar 4a



Yield (%)°

Entry Time (h) Solvent Diene8a, equiv.
4a
1 24 DMSO 1.5 59
2 24 acetonitrile 1.5 57
3 24 DCM 15 36
4 24 acetone 1.5 66
S 24 benzene 1.5 76
6 24 toluene 1.5 82
7 16 toluene 3.0 54
8 20 toluene 1.5 77

& Substrat&a (0.2 mmol) and dien8a were stirred in solvent (1.0 mL) at rt under Aftek the reaction was completed, 10% HCI (1.0
mL) was added’ Isolated yield® Reaction at 50 °C.

Table 2. Optimization of reaction conditions for the syrdiseof hydropyrido[1,2]indolone4a from 2-arylindole
1a*

c
MeO™ ™ OTMS

0
CuCl
mph pyrililine 10% HCI Ph
” toluene - N __ /=0
1a under O, 4a
24 h
Yield (%)°
Entry CucCl, equiv. Temp., degree Pyridine, equiv-
4a
1 0.2 rt 2.0 55
2 0.2 50 2.0 58
3 0.2 50 1.0 37
4 0.2 50 4.0 53
5 0.5 50 2.0 47

& Substratela (0.2 mmol), CuCl, diene (0.3 mmol), and pyridine avstirred in toluene (1.0 mL) under @ atm). After 24 h, 10%
HCI (1.0 mL) was addedlsolated yield.

Using the optimized conditions, we investigatedeotbubstrates to evaluate the developed methods,

and the results are shown in Figure 1. Our reagbi@ved to be a general methodology for the



preparation of polyhydropyrido[1,a@lindoles, and tolerated various functional grougstably, both
electron-donating and electron-withdrawing funcéibgroups on the 2-aryl ring were tolerated under
the developed reaction conditions. The 2-arylinslold—1h reacted smoothly to give the
corresponding polyhydropyrido[1&indoles 4ba—4ha in modest yields. On the other hand, the
reactions of 5-methyl-, methoxy-, fluoro-, chlor@methyl-, and 7-methyl- substituted indoles
li—-1n gave the corresponding produets—4na in slightly lower yields compared to those of

4ba—4ha. The reactions of bengjindole 10 gave4oa in good yield.

Figure 1. Reaction of various 2-arylindoldsunder the optimized reaction conditidhs
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& Substratel (0.2 mmol), CuCl (0.04 mmol), dier8a (0.3 mmol), and pyridine (0.4 mmol) were stirreddluene
(1.0 mL) at 50 °C under {41 atm). After 24 h, 10% HCI (1.0 mL) was add®tholated yields.

Quinazolinone derivatives are versatile buildingpdBks in organic synthesis and medicinal
chemistry? In addition, they are widely found in various laigical compounds and pharmaceutical

’ such as rutaecarpine and luotonin A!* Therefore, the development of efficient

drugs,'
methods to synthesize these compounds continubs tn active research area. The results of
our initial attempts to optimize the reaction cdrmlis are shown in Table 3. The reactiorbafin
NMP at 80 °C for 24 h with 10 mol% of CuBnder Q resulted in a low conversion to tetracyclic
quinazolinone6a in 10% vyield (Table 3, entry 1). Alternatively,etladdition of 2 equivalents of
NaCO; to the reaction mixture and an increase in thewrnof CuBr improved the yield dda
(Table 3, entries 2 and 3). Meanwhile, the chemyoeld was further improved when the reaction
was performed at 60 °C in DMSO instead of NMP (€ahlentries 4 and 5). Unfortunately, reaction
at 40 °C did not result in a high yield, which sagtp that the optimum reaction temperature is 60 °C
(Table 3, entry 6). Other copper catalysts, suclCa€l, were also tested, but produced similar
results to those with CuBr (Table 3, entry 7). Téaction with other bases (i.e., NaHL{&and EtN)

produced results similar to those obtained withQ\& (Table 3, entries 8 and 9). The addition of

pyridine instead of N&O; provided the best result (Table 3, entry 10).

Table 3. Optimization of reaction conditions for the syrsiseof tetracyclic quinazolinorga from indole5a®



H,N

2 equiv. base [:::Iju\N
O N O solvent N/
N 0O, (1 atm)

Cu salt

H 5a 6a
Yield (%)°
Entry Time (h) Cu salt, equiv. base Solvent terfP) ( o
1 24 CuBr (0.1) none NMP 80 10
2 3.0 CuBr (0.1) NgC O3 NMP 80 45
3 3.0 CuBr (0.2) NgCOs NMP 80 54
4 24 CuBr (0.2) NapCOs NMP 60 59
5 24 CuBr (0.2) NgCOs DMSO 60 65
6 24 CuClI (0.2) N2COs DMSO 60 66
7 24 CuBr (0.2) N2COs DMSO 40 51
8 24 CuBr (0.2) NaHC® DMSO 60 61
9 24 CuBr (0.2) EN DMSO 60 62
10 24 CuBr (0.2) pyridine DMSO 60 71

3 Substratda (0.2 mmol), Cu salt, and base (0.4 mmol) wereestiin solvent (1.0 mL) under,@1 atm). Isolated yield.



We then investigated other substrates to evallataléveloped methods; the results are shown in
Figure 2. The 5-chloro-, methoxy-, fluoro-, and éthoxy-substituted indoleSb-5e reacted
smoothly to give the corresponding tetracyclic a@awlinones 6b—6e in 39%-56% vyields,
demonstrating that our reaction tolerated sometiomal groups. Meanwhile, the reaction of 2-[2-
(aminomethyl)phenyl]indoldé5a gave a lower yield of tetracyclic quinazolinolféa, because of the
formation of unknown byproducts. These resultsdaté that the length of the aminoalkyl chain on

the 2-aryl group is crucial in the developed reati

Figure 2. Oxidation of 2-arylindole4 in the presence of CuBr for the synthesis of tgtthc quinazolinones from
indoleg®

NH,
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& Substratel (0.2 mmol), CuBr (0.04 mmol), and p&O; (0.4 mmol) were stirred in DMSO (1.0 mL) at 80 °C
under Q (1 atm).ID Isolated yields.
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During our investigations, similar copper-catalyzedctions of substituted 2-arylindoles to form
2-arylquinazolinones with amines or ammoniums wesgorted! * In this paper, Cui's group
reported that the reaction 8& with excess aqueous NHfforded only quinazolinon#la (Scheme
3a). Contrary to their report, we observed thatrdeetion of2a under the same reaction conditions
as Cui's group gave only ring-opened amide (Scheme 3b).” Moreover, the reaction ofa
under the same reaction conditions affor@lea andlla in 63% and 4% vyields, respectively. Thus, a
proposed mechanism on the basis of previous repadsour findings for the reaction is shown in
Scheme 4. Initially, the copper-catalyzed aerobimation of 5a to 9a proceeded. The following
imine formation and Baeyer—Villiger-type oxidativeactionl ° of 12a, possibly mediated by a
Cu(ll) hydroperoxo species or by a peroxide suctH#3,, gave6a (Path A). ” Usually, harsh
reaction conditions such as high temperatr@r microwave irradiatioh’ are needed to construct
guinazolinone motifsia benzoxazinone intermediates, while our reactiamt@eded even at 40 °C
(Table 3, entry 7) and formation of ring-opened @emivas not observed. Thus, we suppose that the
formation of benzoxazinon®a and the subsequent intramolecular substitutioaticaa (Path B) is
unlikely in the developed reactions; however, theacé intermediates responsible for the
transformation oPa to 6a remain unknown at this stage since intermedi@geand 12a were not

isolated. Further studies are necessary to elecitiatdetailed mechanism.

Scheme 3. Test reactions dfa and7a under the copper-catalyzed oxidative reaction ttimmd
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3. Conclusion

In conclusion, we demonstrated a facile accessotphpdropyrido[1,2a]indoles and tetracyclic
guinazolinones from -arylindoles via C-acylimine intermediates, generatéd situ by using
copper-catalyzed oxidative reactions. Notably, deseloped methods proceed under simple and

mild reaction conditions and tolerate some funalagroups. Future applications of this strategy for
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the synthesis of biologically active compounds sti# under investigation and will be reported in

due course.

4. Experimental

4.1. General Information: All melting points were taken on a Yanagimoto ramelting point
apparatus and were uncorrectéd-NMR spectra (400 MHz) were obtained in CRCunless
otherwise noted. The chemical shift values areesqed in ppm relative to internal tetramethylsilane
Abbreviations are as follows: s, singlet; d, dottietriplet; m, multiplet; br, broad. Purificatiovas
performed using silica gel column chromatographyréagents includinda and8a were purchased
from chemical companies and used as received.ifBfamaterialslb—10° and 7a'® were prepared
according to a known literature procedure

4.2. General Procedurefor the Synthesis of polyhydropyrido[1,2-alindoles 4:

A mixture of compound. (0.20 mmol), CuCl (4.0 mg, 0.04 mmol) and pyrid{82 png, 0.40 mmol)
in toluene (1.0 mL) was stirred at 50 °C under aygen atmosphere (1 atm). After 24 h, 10% HCI
(2.0 ml) was added, and the mixture was stirredaioradditional 0.5 h. Then, the mixture was
extracted with EtOAc. The organic extracts wereheadswith HO and brine, dried over NaO;,
and then concentrated. The crude product was cliogmagohed on silica gel.

4.2.1. 9a-phenyl-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4aa): yield 58% (30 mg). white
solid. mp >216 °C dec. rf (hexane/EtOAc = 2/1) $0H-NMR: § 2.89 (d, 1HJ = 16 Hz), 3.42
(dd, 1H,J = 1.1, 16 Hz), 5.36 (dd, 1H} = 1.1, 7.5 Hz), 7.14 (ddd, 1H,= 0.3, 7.6, 7.6 Hz),
7.29-7.39 (m, 6H), 7.70-7.74 (m, 2H), 7.83 (d, TH 7.5 Hz)."*C-NMR: & 42.4, 71.2, 105.9,
110.0, 122.9, 123.2, 125.6, 126.4, 128.9, 129.3,613137.7, 138.0, 152.2, 191.1, 197.0. IR (KBr):
1719, 1654, 1598, 1575, 1475, 1334, 1282, 1228, FBOMS (ESI)m/z [M+Na]" calcd for
[C1sH13NO:NaJ", 298.0844; Found, 298.0844.

4.2.2. 9a-(4-methylphenyl)-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4ba): yield 64% (37 mg).
white solid. mp 168-169 °C. rf (hexane/EtOAc = 2¢10.15.*"H-NMR: & 2.28 (s, 3H), 2.86 (d, 1H,
=16 Hz), 3.39 (dd, 1H] = 1.2, 16 Hz), 5.36 (dd, 1Hd,= 1.2, 7.7 Hz), 7.11-7.16 (m, 3H), 7.24-7.26
(m, 2H), 7.36 (d, 1HJ = 8.6 Hz), 7.70-7.74 (m, 2H), 7.81 (d, 1Hz 7.7 Hz)."*C-NMR: 5 21.0,
42.2,71.1, 105.8, 110.0, 122.9, 123.2, 125.5,4,2629.9, 130.5, 137.7, 138.0, 138.9, 152.1, 191.3,
197.1. IR (KBr): 1714, 1651, 1598, 1573, 1508, 147419, 1334, 1282, 1228, 1197, 752. HRMS
(ESI)m/z [M+Na]" calcd for [GoH1sNO;NaJ", 312.1000; Found, 312.1001.
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4.2.3. 9a-(4-methoxyphenyl)-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4ca): yield 59% (36
mg). white solid. mp 134-135 °C. rf (hexane/EtOA@/%) = 0.2.'"H-NMR: & 2.85 (d, 1HJ = 16
Hz), 3.36 (dd, 1HJ = 1.1, 16 Hz), 3.75 (s, 3H), 5.37 (dd, 1H+ 1.1, 7.6 Hz), 6.83 (m, 2H), 7.14
(dd, 1H,J = 7.5, 7.5 Hz) 7.26-7.30 (m, 2H,), 7.36 (d, DH; 7.9 Hz), 7.70-7.74 (m, 2H), 7.80 (d,
1H, J = 7.6 Hz)."*C-NMR: &: 42.2, 55.3, 70.8, 105.8, 110.0, 114.6, 122.9,.2,2825.4, 126.4,
126.9, 137.7, 137.9, 152.1, 160.0, 191.3, 197.2(KBr): 1716, 1653, 1598, 1573, 1508, 1475,
1334, 1255, 1230, 752. HRMS (EStyz [M+Na]" calcd for [GgH1sNOsNa]’, 328.0950; Found,
328.0958.

4.2.4. 9a-(4-fluor ophenyl)-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4da): yield 52% (30 mg).
white solid. mp 149-151 °C. rf (hexane/EtOAc = 2£10.20.*H-NMR: & 2.88 (d, 1HJ = 16 Hz),
3.34 (dd, 1HJ = 1.2, 16 Hz), 5.39 (dd, 1H,= 1.2, 7.6 Hz), 6.99-7.04 (m, 2H), 7.14—7.18 (i),1
7.34-7.39 (m, 3H) 7.71-7.76 (m, 2H), 7.82 (d, 1,7.6 Hz).**C-NMR: § 42.4, 70.6, 106.0, 110.1,
116.3 (dJ=21.9 Hz), 122.7, 123.4, 126.5, 127.6Jd, 8.1 Hz), 129.4 (d) = 2.9 Hz), 137.9, 138.1,
152.1, 163.1 (dJ = 148.9 Hz), 191.0, 196.8. IR (KBr): 1719, 165898, 1575, 1475, 1334, 1282,
1228, 756. HRMS (EShvz [M+Na]" calcd for [GgH1oFNO:Na]*, 316.0750; Found, 316.0731.

4.2.5. 9a-(4-chlor ophenyl)-9,9a-dihydropyrido[ 1,2-a]indole-8,10-dione (4ea): yield 47% (29 mg).
white solid. mp 129-130 °C. rf (hexane/EtOAc = 2£10.05.'H-NMR: & 2.88 (d, 1HJ = 16 Hz),
3.34 (dd, 1HJ) = 1.1, 16 Hz), 5.39 (dd, 1H,= 1.1, 7.5 Hz), 7.14-7.18 (m, 1H), 7.28-7.38 (#),5
7.72-7.76 (m, 2H), 7.82 (d, 1H,= 7.5 Hz).**C-NMR: § 42.4, 70.7, 106.1, 110.1, 122.7, 123.5,
126.5, 127.1, 129.4, 132.3, 135.1, 138.0, 138.2,115190.8, 196.6. IR (KBr): 1718, 1654, 1647,
1598, 1575, 1475, 1327, 1128, 1070, 754. HRMS (B®) [M+Na]" calcd for [GgH1,CINO,Na]",
332.0454; Found, 332.0461.

4.2.6. 9a-(4-(trifluoromethyl)phenyl)-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4fa): vyield
43% (29 mg). white solid. mp 137-138 °C. rf (hex&@®Ac = 1/1) = 0.13'H-NMR: § 2.93 (d, 1H,

J =16 Hz), 3.38 (dd, 1H, J= 1.1, 16 Hz), 5.40 (td, J = 1.1, 7.6 Hz), 7.16=7.19 (m, 1H), 7.40 (d,
1H,J = 8.3 Hz), 7.54 (d, 2H] = 8.4 Hz), 7.59 (d, 2H] = 8.4 Hz), 7.73-7.78 (m, 2H), 7.86 (d, 1H,
= 7.6 Hz)."*C-NMR: § 42.6, 70.9, 106.2, 110.2, 122.6, 123.6, 123.7 ) 272.4 Hz), 126.1 (dl=
4.3 Hz), 126.2, 126.5, 131.1 (@= 34.2 Hz), 137.9, 138.1, 138.1, 152.2, 190.5,. 29 (KBr):
1716, 1563, 1598, 1575, 1485, 1327, 1282, 122831116, 1070, 754. HRMS (EStyz [M+Na]*
calcd for [GgH1,FsNO-Na]", 366.0718; Found, 366.0712.

4.2.7. 9a-(2-fluor ophenyl)-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4ga): yield 48% (28 mg).
white solid. mp 182-183 °C. rf (hexane/EtOAc = 2#10.2.*H-NMR: § 2.83 (d, 1HJ = 16.4 Hz),
3.54 (dd, 1HJ = 1.1, 16.4 Hz), 5.39 (dd, 1H,= 0.6, 7.5 Hz), 7.0 (ddd, 1H,= 1.3, 8.2, 12.3 Hz)
7.09-7.19 (m, 2H), 7.29-7.37 (m, 3H), 7.71-7.75 2i), 7.78 (d, 1H,J = 7.5 Hz)."*C-NMR: 5
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40.8 (d,J = 3.3 Hz), 69.7 (dJ = 3.0 Hz), 106.1, 110.2, 117.2 @= 22.9 Hz), 121.5 (d] = 12.0
Hz), 123.2 (dJ = 2.9 Hz), 123.3, 124.5 (d,= 3.7 Hz), 126.0, 129.0 (d,= 3.7 Hz), 131.1 (d] =
8.9 Hz), 137.7, 138.7, 152.4, 161.1 {d= 251.4 Hz), 191.6, 196.6. IR (KBr): 1718, 165800,
1575, 1475, 1456, 1334, 1303, 1287, 1272, 1230, FRMS (ESI) mz [M+H]"* calcd for
[C1H1sFNO,]*, 294.0930; Found, 294.0936.

4.2.8. 9a-(2-naphthalenyl)-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4ha): yield 49% (32 mg).
white solid. mp 239-240 °C. rf (hexane/EtOAc = 241).15."H-NMR: § 2.96 (d, 1H, = 16.2 Hz),
3.55 (d, 1HJ = 16.2 Hz), 5.38 (d, 1H = 7.4 Hz), 7.15 (dd, 1H, = 7.4, 7.4 Hz), 7.42—7.48 (m, 4H),
7.73-7.81 (m, 6H), 7.89 (d, 1H,= 7.4 Hz).*C-NMR: § 42.3, 71.3, 106.0, 110.1, 122.7, 122.9,
123.3, 125.4, 126.5. 126.6, 126.8, 127.6, 128.2,3121.30.9, 133.1, 133.2, 137.8, 138.1. IR (KBr):
1718, 1653, 1600, 1575, 1475, 1334, 754. HRMS (ES) [M+H]" calcd for [G.H1eNO,",
326.1181; Found, 326.1190.

4.2.9. 2-methyl-9a-phenyl-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (dia): yield 38% (22 mg).
white solid. mp 205—206 °C. rf (hexane/EtOAc = 2¢1).05.*H-NMR: § 2.37 (s, 3H), 2.87 (d, 1H,

= 16 Hz), 3.39 (dd, 1H] = 1.0, 16 Hz), 5.34 (d, 1H,= 1.0, 7.4 Hz), 7.26-7.38 (m, 6H), 7.28-7.55
(m, 2H), 7.81 (d, 1H) = 7.4 Hz)."*C-NMR: § 20.8, 42.3, 71.3, 105.2, 109.8, 123.1, 125.6,9,25.
128.8, 129.1, 133.4, 133.7, 138.2, 138.9, 150.4,119197.0. IR (KBr): 1718, 1653, 1618, 1595,
1575, 1494, 1332, 1282, 734. HRMS (E&l)zz [M+Na]" calcd for [GeH1sNO,Na]", 312.1000;
Found, 312.0994.

4.2.10. 2-methoxy-9a-phenyl-9,9a-dihydropyrido[1,2-alindole-8,10-dione (4ja): yield 38% (23
mg). white solid. mp 212—213 °C. rf (hexane/EtOA2/%) = 0.05'H-NMR: § 2.88 (d, 1HJ = 16
Hz), 3.39 (d, 1H,) = 16 Hz), 5.32 (d, 1H] = 7.4 Hz), 7.13 (d, 1H] = 2.3 Hz), 7.28-7.39 (m, 7H),
777 (d, 1HJ =74 HZ)13C-NMR: 0 42.3, 56.0, 71.6, 104.7, 106.6, 111.3, 123.7,6,2527.5,
128.9, 129.2, 133.7, 138.3, 147.0, 156.2, 190.9,119R (KBr): 1716, 1653, 1647, 1597, 1575,
1492, 1327, 1278. HRMS (ESkvz [M+Na]" calcd for [GeHisNOsNa]', 328.0950; Found,
328.0943.

4.2.11. 2-fluor o-9a-phenyl-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4ka): yield 17% (10 mg).
white solid. mp 150-151 °C. rf (hexane/EtOAc = 2410.15.*H-NMR: & 2.90 (d, 1HJ = 16 Hz),
3.40 (dd, 1HJ = 1.0, 16 Hz), 5.37 (d, 1H,= 1.0, 7.5 Hz), 7.31-7.44 (m, 7H), 7.45 (ddd, IH;
2.7,8.8.8.8 Hz), 7.78 (d, 1H= 7.5 Hz) *C-NMR: § 42.4, 71.9, 105.9, 111.2 (@= 7.8 Hz), 111.8
(d,J = 23.3 Hz), 124.0 (d) = 7.8 Hz), 125.5 (d) = 25.6 Hz), 125.5, 129.0, 129.2, 133.2, 137.9,
148.6, 158.6 (dJ = 247 Hz), 190.6, 196.3 (d,= 3.0 Hz). IR (KBr): 1718, 1654, 1647, 1577, 1489,
1336, 1263. HRMS (ESHvz [M+Na]" calcd for [GgH1,FNO:Na]", 316.0750; Found, 316.0756.
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4.2.12. 2-chloro-9a-phenyl-9,9a-dihydropyrido[ 1,2-a]indole-8,10-dione (4la): yield 26% (16 mg).
white solid. mp >220 °C dec. rf (hexane/EtOAc =)2#10.15."H-NMR: § 2.89 (d, 1H,J =16 Hz),
3.41 (d, 1HJ = 1.0, 16 Hz), 5.39 (d, 1H,=7.5 Hz), 7.30-7.36 (m, 6H), 7.65—7.68 (m, 2HY87(d,
1H,J =75 HZ).13C-NMR: 0 42.4, 71.8, 106.5, 111.2, 124.1, 125.5, 125.9,8,2829.1, 129.3,
133.1, 137.6, 137.6, 150.5, 190.7, 195.8. IR (KBP24, 1670, 1653, 1647, 1593, 1571, 1477, 1336,
1282, 1228. HRMS (ESHVz [M+Na]" calcd for [GgH1,CINO,Na]’, 332.0454; Found, 332.0454.

4.2.13. 3-methyl-9a-phenyl-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4ma): yield 40% (23
mg). white solid. mp 242-243 °C. rf (hexane/EtOAR/%) = 0.05 H-NMR: § 2.52 (s, 3H), 2.87 (d,
1H, J = 15.9 Hz), 3.40 (dd, 1H, = 0.8, 15.9 Hz), 5.35 (d, 1H,= 7.5 Hz), 7.00 (d, 1H] = 8.0 Hz),
7.17 (s,1H), 7.28-7.38 (m, 5H), 7.60 (d, TH; 8.0 Hz), 7.80 (d, 1H] = 7.5 Hz).**C-NMR: § 22.8,
42.4,71.4, 105.7, 110.2, 120.6, 124.8, 125.6,11,228.8, 129.1, 133.9, 138.0, 149.8, 152.6, 191.2,
196.4. IR (KBr): 1707, 1651, 1612, 1597, 1570, 146540, 1325. HRMS (EShvz [M+H]" calcd

for [C1oH16NO,]", 290.1181; Found, 290.1178.

4.2.14. 3-methyl-9a-phenyl-9,9a-dihydropyrido[1,2-a]indole-8,10-dione (4na): yield 35% (20
mg). white solid. mp 197-198 °C. rf (hexane/EtOAR/%) = 0.10 H-NMR: § 2.73 (s, 3H), 2.91 (d,
1H, J = 16.3 Hz), 3.41 (d, 1H] = 16.3 Hz), 5.35 (d, 1H] = 7.6 Hz), 7.07 (d, 1H) = 7.7 Hz),
7.29-7.34 (m, 3H), 7.38-7.41 (m, 2H), 7.48 (d, 11 7.3 Hz), 7.61 (d, 1H] = 7.7 Hz), 8.16 (d,
1H,J = 7.6 Hz).®*C-NMR: § 20.8, 42.3, 71.8, 105.7, 122.7, 123.6, 124.0,1,245 5, 128.8, 129.1,
133.7, 140.7, 140.9, 150.7, 190.7, 197.5. IR (KBP18, 1650, 1593, 1492, 1470, 1446, 1437, 1413,
1329, 1281, 1247, 1226, 954, 786, 756, 705. HRMSI)(BVz [M+H]" calcd for [GeH1eNO,]",
290.1181; Found, 290.1182.

4.2.15. 7a-phenyl-7a,8-dihydrobenzo[g]pyrido[1,2-a]indole-7,9-dione (40a): yield 66% (43 mg).
white solid. mp 243-244 °C. rf (hexane/EtOAc = 210).15."H-NMR: § 3.00 (d, 1H, = 16.3 Hz),
3.49 (d, 1HJ = 16.3 Hz), 5.45 (d, 1H] = 7.7 Hz), 7.29-7.33 (m, 3H), 7.48-7.50 (m, 2H%87(d,
1H,J = 8.4 Hz), 7.67 (d, 1H] = 8.4 Hz), 7.73-7.77 (m, 2H), 8.01 (dd, 1H; 1.8, 8.2 Hz), 8.44 (d,
1H,J = 7.9 Hz), 8.58 (d, 1H] = 7.7 Hz)."*C-NMR: § 43.0, 72.6, 106.6, 120.2, 120.7, 121.4, 123.7,
125.3, 125.4, 127.8, 128.9, 129.2, 130.2, 130.9,513140.9, 152.0, 190.9, 197.3. IR (KBr): 1706,
1684, 1654, 1623, 1590, 1564, 1526, 1459, 1442118830, 1292, 1265, 1241, 1107, 798, 756,
694. HRMS (ESIwz [M+H] " calcd for [GgH16NO,]", 290.1181; Found, 290.1182.

4.3. Procedurefor the Synthesis of Substrate amine 5 and 15:

4.3.1. tert-butyl (2-(1H-indol-2-yl)phenethyl)carbamate: To a solution of tert-butyl
(2-bromophenethyl)carbamété (2.1 g, 7.0 mmol) in DMF (10.0 mL) were added CsSG@3 g, 28
mmol), PdCk(dppf)- CHCI2 (343 mg, 0.42 mmol) and 2-(4,4,5,5-tetramethyl2-@oxaborolan-2-
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yl)-1H-Indole (2.6 g, 10.7 mmol). The reaction mixturesweeated to 50 °C for 3 h under Ar. The
reaction was cooled down, EtOAc and a saturate@éagpisolution of NkC| were added and the
mixture was stirred for 30 mifter extracting with EtOAc, the organic extracter& washed with
H,O and brine, dried over Ma0O,, and then concentrated. The crude product wasratographed
on silica gel. yield 88% (2.1 g). pale yellow ail.(hexane/EtOAc = 15/1) = 0.26H-NMR: § 1.43

(s, 9H), 2.93 (t, 2HJ = 7.9 Hz), 3.30 (dt, 2H] = 7.9, 6.7 Hz), 4.80 (s, 1H), 6.61 (s, 1H), 7.d&d,
1H,J=7.5, 7.5, 1.1 Hz), 7.20 (ddd, 1Bi= 7.6, 7.6, 1.2Hz), 7.26—7.32 (m, 3H), 7.51-7.162 2H),
7.64 (d, 1HJ = 7.8 Hz), 9.66 (s, 1H}*C-NMR § 28.6, 34.3, 42.4, 79.8, 102.6, 111.6, 119.9, 120.4
121.9, 126.8, 128.2, 128.7, 130.5, 130.7, 133.8,5,3137.1, 137.8, 156.8. IR (KBr): 3404, 3319,
2978, 1689, 1508, 1365, 1296, 1273, 1251, 1168, FRRMS (ESI) Mz [M+Na]" calcd for
[C21H24N2OoNa]", 359.1735; Found, 359.1717.

2-(2-(1H-indol-2-yl)phenyl)ethanamine (5a): To a solution of  tert-butyl
(2-(1H-indol-2-yl)phenethyl)carbamate (1.42 g, 4.23 mmal) CHCIl2 (30 mL) was added
trifluoroacetic acid (0.40 mL, 5.00 mmol) at O °&nd then, the mixture was stirred at rt for 4 h.
After the solvent was evaporated, the residue wasolbed in EtOAc, washed with saturated
NaHCG;, H,O and brine, dried over MaQOy, and then concentrated. Recrystallization fromHEtO
afforded the titled compound. yield 54% (537 mg)lodess plates. mp 138-139 °&-NMR: &
1.76 (brs, 2H), 3.20 (t, 2H, J = 6.4 Hz), 2.951f, J = 6.4 Hz), 6.57 (s, 1H), 7.08 (ddd, 1H J= 7.5,
7.5, 1.0 Hz), 7.16 (ddd, 1H,= 7.5, 7.5, 1.2Hz), 7.26—7.38 (m, 3H), 7.42 (dd, 1= 8.1, 0.9 Hz),
7.57 (dd, 1H,) = 7.6, 1.3 Hz), 7.65 (d, 1H,= 7.8 Hz), 12.2 (s, 1H}’*C-NMR: & 34.3, 42.3, 101.3,
111.2, 119.3, 120.3, 121.3, 126.6, 128.2, 128.8,113130.7, 134.6, 136.5, 137.0, 138.8. IR (KBr):
3057, 2862, 1560, 1541, 1477, 1448, 1298, 750. HRES) m/z. [M+H] " caled for [GgHi7N2*,
237.1392; Found, 237.1402.

4.3.2. 2-(2-(5-chloro-1H-indol-2-yl)phenyl)ethan-1-amine (5b): Starting from tert-butyl
(2-bromobenzyl)carbamate and 5-chloro-2-(4,4,5teethyl-1,3,2-dioxaborolan-2-yl)Htindole,
this compound was prepared according to the praeefitu the synthesis dda. white solid. mp
58-59 °CH-NMR: § 2.89 (t, 2H,J = 5.8 Hz), 3.19 (m, 2H), 6.49 (s, 1H), 7.08 (dd, I = 2.0, 8.9
Hz), 7.19-7.40 (m, 4H), 7.55 (d, 18Iz 7.5 Hz), 7.59 (d, 1H] = 1.7 Hz), 12.7 (s, 1H). *C-NMR:

o 34.7, 42.4, 100.8, 112.4, 119.5, 121.4, 124.8,7,2628.4, 129.9, 130.2, 130.7, 134.2, 134.9,
137.1, 140.5. IR (KBr): 3115, 3010, 2927, 1577,3,4444, 1317, 1215, 1058, 916, 867, 796, 759.
HRMS (ESI)m/z [M+H] " calcd for [GgH1sCIN2]*, 271.1002; Found, 271.1001.

tert-butyl (2-(5-chloro-1H-indol-2-yl)phenethyl)carbamate: white solid. mp 117-118 °C. rf
(hexane/acetone = 4/1) = 0.361-NMR: § 1.44 (s, 9H), 2.91 (t, 2H] = 8.1 Hz), 3.28 (td, 2H] =

8.1, 7.2 Hz), 4.90 (brs, 1H), 6.52 (s, 1H), 7.18,(dH, J = 8.5, 1.9 Hz), 7.14-7.22 (m, 1H),
7.22—7.30 (m, 2H), 7.45 (d, 1H,= 8.5 Hz), 7.50-7.61 (m, 2H), 10.1 (brs, 1HC-NMR: 5 28.5,
34.5, 42.6, 80.1, 102.1, 112.6, 119.5, 122.0, 12B28.9, 128.3, 129.5, 130.6, 130.7, 132.5, 135.5,
135.9, 139.2, 157.0. IR (KBr): 3421, 3302, 297832, 1685, 1508, 1490, 1465, 1458, 1446, 1365,
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1313, 1274, 1251, 1166, 759. HRMS (EBIx: [M+Na]" calcd for [G1H»3CIN,O,Na]", 393.1346;
Found, 393.1335.
4.3.2. 2-(2-(5-methoxy-1H-indol-2-yl)phenyl)ethan-1-amine (5b): Starting from tert-butyl
(2-bromobenzyl)carbamate and 5-methoxy-2-(4,4 &tEmethyl-1,3,2-dioxaborolan-2-ylHt
indole, this compound was prepared according to the proeedn the synthesis da. pale yellow
oil. *H-NMR: & 1.73 (s, 1H), 2.90 (t, 2H, = 6.0 Hz), 3.14 (t, 2H) = 6.0 Hz), 3.85 (s, 3H), 6.49 (s,
1H), 6.82 (dd, 1HJ = 2.4, 8.7 Hz), 7.10 (d, 1H,= 2.4 Hz), 7.26-7.31 (m, 4H), 7.54 (m, 1H), 12.0
(s, 1H).1‘°’C-NMR: 034.7,42.4,100.8, 112.4, 119.5, 121.4, 124.8,1.2&28.4, 129.9, 130.2, 130.7,
134.2, 134.9, 137.1, 140.5. IR (KBr): 3378, 293823, 1588, 1492, 1480, 1450, 1215, 1146, 1115,
1031, 797, 759. HRMS (EStWz [M+H] " calcd for [G7H1gN-O]*, 267.1497; Found, 267.1493.
tert-butyl (2-(5-methoxy -1H-indol-2-yl)phenethyl)carbamate: white solid. mp 128-129 °C. rf
(hexane/acetone = 10/1) = 0.36-NMR: § 1.45 (s, 9H), 2.94 (t, 2H] = 8.3 Hz), 3.28-3.33 (m,
2H), 3.85 (s, 3H), 4.84 (s, 1H), 6.52 (s, 1H), 6(86, 1H,J = 2.4, 8.8 Hz), 7.09 (d, 1H,= 2.4 Hz),
7.19-7.28 (m, 3H), 7.42 (d, 1H= 8.2 Hz), 7.54 (s, 1H), 9.63 (s, 1HJC-NMR: 5 28.5, 34.4, 42.5,
55.9, 79.9, 101.9, 102.4, 112.2, 112.2, 126.8,0,288.8, 130.4, 130.6, 132.3, 133.1, 136.1, 138.4,
154.2, 156.7. IR (KBr): 3415, 3322, 2977, 1690, 950452, 1215, 1166, 759. HRMS (EStz
[M+H] " calcd for [GoH27N-04]", 367.2022; Found, 367.2032.

4.3.3. 2-(2-(5-fluoro-1H-indol-2-yl)phenyl)ethan-1-amine (5c): Starting from tert-butyl
(2-bromobenzyl)carbamate and 5-fluoro-2-(4,4,5tEataethyl-1,3,2-dioxaborolan-2-yl)Htindole,
this compound was prepared according to the praeefitu the synthesis dda. pale yellow oil.
'H-NMR: § 1.73 (s, 1H), 2.90 (t, 2H,= 6.0 Hz), 3.14 (t, 2H] = 6.0 Hz), 3.85 (s, 3H), 6.49 (s, 1H),
6.82 (dd, 1HJ = 2.4, 8.7 Hz), 7.10 (d, 1H, = 2.4 Hz), 7.26-7.31 (m, 4H), 7.54 (m, 1H), 1250 (
1H). 13C-NMR: § 34.7, 42.4, 100.8, 112.4, 119.5, 121.4, 124.8,72528.4, 129.9, 130.2, 130.7,
134.2, 134.9, 137.1, 140.5. IR (KBr): 3380, 294862, 1587, 1327, 1202, 1130, 1108, 953, 854,
792, 759. HRMS (ESWvz [M+H]" calcd for [GeH16FNo] ¥, 255.1298; Found, 255.1286.

tert-butyl (2-(5-fluor o-1H-indol-2-yl)phenethyl)carbamate: white solid. mp 130-131 °C. rf
(hexane/acetone = 10/1) = 0.461-NMR: § 1.45 (s, 9H), 2.92 (t, 2H] = 7.6 Hz), 3.26-3.30 (m,
2H), 4.87 (s, 1H), 6.55 (s, 1H), 6.90-6.95 (m, 1H}8-7.29 (m, 4H), 7.45-7.55 (m, 2H), 9.96 (s,
1H). *C-NMR: § 28.5, 34.4, 42.6, 80.1, 102.6 (U= 4.5 Hz), 104.8 (dJ = 23.3 Hz), 110.1 (d] =
26.3 Hz), 112.2 (dJ = 8.6 Hz), 126.9, 128.3, 128.7 (@~= 10.1 Hz), 130.5, 130.7, 132.7, 133.7,
136.0, 139.5, 156.9, 158.1 (@= 230 Hz). IR (KBr): 3421, 3302, 2978, 2933, 168508, 1490,
1465, 1458, 1446, 1365, 1313, 1274, 1251, 1166, FOMS (ESI) m/iz [M+H]" calcd for
[C21H24FN20O]", 355.1822; Found, 355.1830.

4.3.4. 2-(2-(7-methoxy-1H-indol-2-yl)phenyl)ethan-1-amine (5€): Starting from tert-butyl
(2-bromobenzyl)carbamate and  7-methoxy-2-(4,4 &tEmethyl-1,3,2-dioxaborolan-2-ylHt
indole, this compound was prepared according to the proeeidu the synthesis &a. white solid.
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mp 141-142 °C*H-NMR: § 2.85-3.35 (m, 4H), 3.95 (s, 3H), 6.54 (s, 1H)166, 1H,J = 7.8 Hz),
7.00 (dd, 1H,J = 7.9, 7.9 Hz), 7.19-7.36 (m, 4H), 7.55 (d, 1H= 7.6 Hz), 12.33 (s, 1H).
YC-NMR: & 35.4, 42.6, 55.5, 101.4, 101.6, 113.2, 119.6,5,2627.2, 128.1, 130.2, 130.2, 130.7,
134.6, 137.6, 138.5, 146.4. IR (KBr): 3016, 125218, 1097, 754. HRMS (EStyz: [M+H]" calcd

for [C17H1oN>Q]", 267.1497; Found, 267.1500.

tert-butyl  (2-(7-methoxy-1H-indol-2-yl)phenethyl)carbamate:  pale  yellow oil. rf
(hexane/acetone = 4/1) = 0.3B-NMR: & 1.36 (s, 9H), 2.92 (t, 2H, = 7.3 Hz), 3.17-3.31 (m, 2H),
3.90 (s, 3H), 4.52 (s, 1H), 6.50 (s, 1H), 6.631H, J = 7.7 Hz), 7.03 (dd, 1H] = 7.7, 7.7 Hz),
7.19-7.32 (m, 4H), 7.39 (d, 1H,= 7.2 Hz), 8.77(s, 1H)*C-NMR: & 28.4, 33.7, 41.5, 55.3, 79.2,
101.9, 103.0, 113.2, 120.4, 126.6, 126.8, 128.4,3,3130.2, 130.4, 133.3, 136.9, 137.6, 146.0,
155.9. IR (KBr): 3408, 3348, 2976, 2933, 1693, 1625983, 1504, 1483, 1446, 1394, 1365, 1328,
1311, 1257, 1168, 1097, 1056, 758. HRMS (B&Y: [M+H]" calcd for [G2H27N.03]", 367.2022;
Found, 367.2021.

4.35. (2-(1H-indol-2-yl)phenyl)methanamine (15a): Starting from  tert-butyl
(2-bromobenzyl)carbamaté and 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2i-indole, this
compound was prepared according to the procedureghi® synthesis oba. white solid. mp
91-92 °C'H-NMR: § 1.78 (brs, 2H), 3.88 (s, 2H), 6.70 (s, 1H), 7.0837(m, 1H), 7.13-7.32 (m,
1H), 7.23-7.28 (m, 2H), 7.31-7.38 (m, 1H), 7.411(d, J = 8.1 Hz), 7.66 (d, 1H] = 7.6 Hz), 7.74
(d, 1H,J = 7.7 Hz), 12.67 (s, 1H}’C-NMR:  46.2, 100.6, 111.4, 119.4, 120.4, 121.5, 127.8,412
128.7, 130.2, 131.2, 134.4, 136.7, 136.8, 139.4KIBY): 3057, 1450. 1300, 750. HRMS (ESWz:
[M+Na]" calcd for [GsH14N2Na]", 245.1055; Found, 245.1055.

tert-butyl (2-(1H-indol-2-yl)benzyl)carbamate: white solid. mp 106-108 °C. rf (hexane/acetone =
2/1) = 0.50*H-NMR & 1.44 (s, 9H), 4.35 (d, 2H,= 6.3 Hz), 5.14 (s, 1H), 6.56 (s, 1H), 7.11 (ddd,
1H,J=1.0, 7.5, 7.5 Hz), 7.18 (ddd, 18= 1.0, 7.6, 7.6 Hz), 7.27—7.38 (m, 3H), 7.40 (d, 1= 7.9
Hz), 7.45-7.52 (m, 1H), 7.62 (d, 1Bl= 7.8 Hz), 10.0 (s, 1H}>C-NMR: § 28.4, 42.6, 80.2, 102.4,
111.3, 119.8, 120.4, 121.9, 127.6, 128.3, 128.9,312130.4, 132.6, 136.5, 136.7, 137.2, 156.5. IR
(KBr): 3406, 2978, 1685, 1654, 1508, 1490, 1456513296, 1247, 1166, 750. HRMS (ESi):
[M+Na]" calcd for [GoH22N20-Na]", 345.1579; Found, 345.1551.

4.4. General Procedurefor the Synthesis of Tetracyclic Quinazolinones 6 and 16:

A mixture of compound. (0.20 mmol), CuBr (6.3 mg, 0.04 mmol) and pyrid{82 pL, 0.40 mmol)

in DMSO (1.0 mL) was stirred at 60 °C under an @tygtmosphere (1 atm). After 24 h, the mixture
was quenched with #0 and extracted with EtOAc. The organic extractseweashed with KD and
brine, dried over N&O,, and then concentrated. The crude product wasvatographed on silica
gel.
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4.4.1. 5H-isoquinolino[1,2-b]quinazolin-8(6H)-one (6a):%? vyield 71% (35 mg). white solid. rf
(hexane/EtOAc = 5/1) = 0.20H-NMR & 8.48 (d, 1H,J = 7.9 Hz), 8.31 (d, 1HJ = 7.9 Hz),
7.72—7.77 (m, 2H), 7.40-7.48 (3H, m), 7.27 (d, dH,7.4 Hz), 4.41 (t, 2H] = 6.4 Hz), 3.09 (t, 2H,
J=6.4Hz). ®*C-NMR:§ 27.4, 39.5, 120.7, 126.46, 126.8, 127.4, 127.3,9,2129.5, 131.6, 134.1,
136.9, 147.7, 149.3, 161.6.

4.4.2. 10-chloro-5,6-dihydro-8H-isoquinolino[1,2-b]quinazolin-8-one (6b):?* yield 39% (22 mg).
white solid. rf (hexane/EtOAc = 4/1) = 0.35-NMR: & 8.45 (d, 1HJ = 7.8 Hz), 8.26 (d, 1H] =
2.3 Hz), 7.63-7.73 (m, 2H), 7.49 (dd, 1H+ 7.3, 1.5 Hz), 7.43 (dd, 1H,= 1.5, 7.6 Hz), 7.28 (dd,
1H, J = 7.3, 0.5 Hz), 4.28 (t, 2Hl= 6.5 Hz), 3.11 (t, 2H] = 6.4 Hz,)}*C-NMR: § 26.2, 39.4, 121.5,
125.2,127.2, 127.4, 127.8, 128.8, 129.5, 130.6,91334.5, 137.8, 146.0, 149.8, 159.7.

4.4.3. 10-methoxy-5,6-dihydro-8H-isoquinolino[1,2-b]quinazolin-8-one (6¢): yield 54% (28 mg).
white solid. mp 172-173 °C. rf (hexane/EtOAc = 2#10.40."H-NMR: & 3.10 (t, 2H,J = 6.4 Hz),
3.93 (s, 3H), 4.42 (t, 2H] = 6.4 Hz), 7.28 (d, 2HJ = 7.7 Hz), 7.35 (dd, 1H, J = 2.8, 8.8 Hz),
7.40=7.47 (m, 2H), 7.67 (d, 1H,= 2.9 Hz), 7.70 (d, 1H) = 8.8 Hz), 8.44 (d, 1H) = 7.7 Hz).
BC-NMR: § 27.5, 39.8, 55.9, 106.2, 121.5, 124.7, 127.5,6,2127.7, 129.3, 129.7, 131.3, 136.7,
142.5, 147.4, 158.3, 161.5. IR (KBr): 1662, 161858, 1490, 1472, 1442, 1419, 1386, 1362, 1324,
1264, 1220, 1144, 1108, 1092, 1031, 867, 832, 739, 706. HRMS (ESlin'z. [M+H] " calcd for
[C1H15N,05]", 279.1134; Found, 279.1125.

4.4.4. 10-fluoro-5,6-dihydro-8H-isoquinolino[1,2-b]quinazolin-8-one (6d): yield 52% (27 mg).
white solid. mp 211-212 °C. rf (hexane/EtOAc = 2#10.40.'H-NMR: & 3.10 (t, 2H,J = 6.4 Hz),
4.41 (t, 2H,J = 6.4 Hz), 7.28 (d, 2H] = 7.4 Hz), 7.41-7.50 (m, 3H), 7.77 (dd, 1H; 4.9, 8.9 Hz),
7.93 (dd, 1HJ = 2.9, 8.5 Hz), 8.45 (d, 1H,= 7.6 Hz)."*C-NMR: § 27.4, 39.8, 111.7 (d = 23.4
Hz), 121.9 (dJ = 8.5 Hz), 123.0 (d] = 24.1 Hz), 127.6, 127.7, 127.9, 129.4, 123.0)(d,8.0 Hz),
131.8, 136.9, 144.5, 148.8 (#= 2.1 Hz), 160.8 (dJ = 248 Hz), 161.1 (dJ = 3.4 Hz). IR (KBr):
1669, 1654, 1592, 1565, 1491, 1484, 1471, 1394718329, 1253, 1137, 895, 849, 784, 771, 736,
706, 685. HRMS (ESkwz [M+H] " calcd for [GeH12FN.O]*, 267.0934; Found, 267.0934.

4.4.5. 12-methoxy-5,6-dihydr o-8H-isoquinolino[ 1,2-b]quinazolin-8-one (6€): % yield 56% (31 mg).
white solid. rf (hexane/EtOAc = 2/1) = 0.35-NMR: &: 8.55 (dd, 1H,) = 1.7, 7.5 Hz), 7.91 (dd, 1H,
J=1.3, 8.0 Hz), 7.49-7.40 (m, 3H), 7.29-7.26 (i),17.20 (dd, 1H,J = 1.2, 8.0 Hz), 4.42 (t, 2H,

= 6.9 Hz), 4.05 (s, 3H ), 3.10 (t, 2B= 6.9 Hz,)."*C-NMR: § 27.6, 39.9, 56.6, 114.3, 118.5, 122.1,
126.9, 127.5, 127.8, 128.5, 129.8, 131.8, 136.8,7,.348.9, 154.9, 161.7.

4.4.6. isoindolo[1,2-b]quinazolin-10(12H)-one (16a): 22 vyield 12% (5.6 mg). white solid. rf
(hexane/EtOAC = 1/1) = 0.38H-NMR: & 8.36 (dd, 1HJ = 8.0, 1.0 Hz), 8.16 (d, 1H,= 7.6 Hz),

20



7.80 (m, 2H), 7.63 (m, 2H), 7.58 (m, 1H), 7.49 (iHl), 5.16 (s, 2H)"*C-NMR: § 49.9, 120.7, 123.5,
123.6, 126.5, 126.6, 127.5, 129.0, 132.4, 132.8,41339.7, 149.6, 155.0, 160.8.
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