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coupling . .
electron transfer 2009 Elsevier Ltd. All rights reserved
BHAS
Sanl

1. Introduction

. Scheme 1. Transition metal-free routes to formation of Ar-C
Ar—C and Ar-heteroatom bond formations have long kegn 5,4 Ar-Heteroatom bond.

reactions in organic synthesis. Pd salts andeglabmplexes
have played an important role in this field, bubest metals,
notably copper, are central to some of these cogplrocesses.

The 2010 Nobel Prize in Chemistryvas awarded to Heck, ¥ e .
Negishf and SuzuKifor their pioneering studies on the former; @ __SET @ @
whereas the Sonogashira reactinone of a host of other Ar—C -x®

coupling reactions that are now indispensable toamioy ! 2 X o
chemistry. Furthermore, Buchwald’s and Hartwig's stsdf the Sgy1 reaction @ Nu
synthesis of Ar—heteroatom bofidsave become extremely

important, adding significantly to the much earltgscovery of
the Ullmann synthesis.

Alongside these pioneering reactions, transition aivfece
couplings have emerged and are now witnessing spd&tac
growth®™®With the increasing cost of transition metal cattdy
and the requirement for costly separation and mgouf heavy
metals from waste-streams, the attractions of #esition metal-
free couplings are clear. We consider below thrgmegyof
reactions (Scheme 1) that can take place with altlés, all of
which occur under basic conditions (other typeseaiction that
occur for restricted classes of aryl iodides, sastiAr, are not
considered here): (i) theyd reactions developed by Bunnett and
coworkers:" In this case, electron transfer to aryl halldeffords

an aryl radicalB, which couples with an anionic nucleophile to
form radical aniordt. This species transfers an electron to another
molecule of aryl halide to form another aryl radidand thereby
propagates the chain reaction. In doing 4ds converted into
product5. This family of reactions has shown expanded saope
recent years, mirroring the greater mechanisticetstending of
the processe$:® It includes both carbon-carbon and carbon-




Table 1. Thermally activated Electron Transfer Reaction$-@2-Halobenzyl)-2- acetylpyrrotE3a-c and 1-(2-lodo-3,4-dimethoxybenzyl)-2-acetylpyrrake
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Entry Substrate Additive (eq.) Base (3 eq.) Solvent Conditions Product (%)
Number| (0.5 mmol, 1 eq.) unless stated
Litl 13a - KOtBu (2 eq.) NH(I) hv, 2 h, -78°C 16 (38)
[ref ]
Lit2 13a FeCkL (0.5) + | KOtBu (5 eq.) DMSO 45h, RT 16 (84),22 (11)
[ref 2] Pinacolone (3)
13a 11(0.1) KOBu PhH 1h, 126C 16 (55),22 (7)
2 13a 11(0.1) KOBu DMSO 1h, 1206C 16 (79),22 (10)
3 13a - KOtBu PhH 1h, 126C 13a(73).16 (23),22 (0)
4 13a - KOtBu DMSO 1h, 1206C 16 (90),22 (8)
5 13a 11 (0.1) KQBu PhH 24 h, RT No reaction
6 13a 11(0.1) KOBu DMSO 24 h, RT 13a (3), 16 (76),22 (10)
7 13a - KOtBu DMSO 24 h, RT 13a (19),16 (60),22 (12)
8% 13a - KOtBu DMSO 24 h, RT 13a (13),16 (70),22 (10)
9 13a - LDA (1.2 eq.) DMSO 1 h, 128C 13a (50),22 (12)
10 13b 11(0.1) KOBuU (2 eq.) PhH 1h, 12 No reaction
11 13b 11 (0.1) KOBu DMSO 1h, 126C 16 (25)
12 13b 11(0.1) KOBuU (5 eq.) PhH 16 h, 16T 16 (30)
13 13c 11(0.1) KOBu DMSO 1h, 1206C 16 (20)
14 13c 11 (0.1) KOBu PhH 16 h, 166C 16 (24)
15 23 11(0.1) KOBu DMSO 1h, 1206C 24 (33),25 (29)
16 23 - KOtBu DMSO 1h, 126C 24 (17),25 (12)

#Reaction was performed in the dark.

heteroatom bond formations. Rossi has been a pi@femuch For transition metal-free coupling chemistry tovaikce,
of the recent development of the,$ reaction'*** His studies complex substrates need to be studied, includimgethwhere
generally focus on reactions that are conducted eund different types of coupling reactions are in contjmet. Rossi
photoactivation condition¥. and co-workers have conducted a recent study whelreagicals
have more than one option from the classes of irectisted
above!® The studies were conducted (i) under transitiotame
free photoactivation conditions, or (ii) without pbactivation
but in the presence of iron (Il) salts and pinaneloOur interest
in coupling reactions that are conducted in theugdestate and

(i) benzyne coupling reactions, an area of rapitent
development$”*® Base-induced elimination of hydrogen halide
from a halobenzeng forms the benzyné, which is attacked by
a nucleophile to form aryl anion On protonation, this affords

the product. under transition metal-free conditions attractedtaghis area.
(iii) the BHAS (base-promoted homolytic aromatic dithtion) We recently studied BHAS coupling reactions of aremiés aryl
reaction®® Here, an aryl radicaB adds to an arene; the new halides under more routine thermal conditions asidgiorganic
radical8 is deprotonated to form an electron-rich radicaba9.  €lectron donors to initiate the reaction of the agfides?*™**’
Transfer of an electron from this species leadshi biaryl  In this paper, we now report on a series of competagtions
product10; the electron is transferred to another molectileryd ~ for a selection of substrates that are carried unater thermal
halidel to form a new aryl radicd, continuing the chain.

reaction conditions.



2. Results and Discussion

Recent reports of BHAS coupling reactions use tBiO
together with one of a wide variety of organic adeis, to
facilitate coupling of haloarenes with arenes untiansition
metal-free condition$’ We have previously shown that one of
the most successful additives at initiating the BHyathway was
N,N'-dipropyldiketopiperazine (DKP)1.°™ The enolate anion,
12, derived by deprotonation of DKEL, (Scheme 2) acts as an
electron donor to the aryl halides in the initiatistep. Most
reactions reported in the literature that proceedthe BHAS
mechanism are performed using benzene as the sobkieoe
benzene is the coupling partner in these reactibnshe few
examples where aryl radicals couple to enolate anioa the
Sahl pathway, the solvents used are DMSO or liquid amanoni
DMF.**! Given that the polarity of the medium is expected t
play an important role in facilitating electronrisder reactions,

the reactions outcomes in both benzene and DMSO were

investigated and the results are compared throughowstudies.

Our initial studies exposed substrail@a-c to these transition
metal-free reaction conditions (Table 1). WH&a was stirred at
120°C for 1 h in the presence of KBu and DKP11, and in
either anhydrous benzene or anhydrous DMSO, two pteduc
were isolated. The major product in both benzene BRSO
was 5H-benzo[e]-pyrrolo[1,2-a]Jazepin-11(10H)-046, which
was isolated in 55% and 79% vyields respectively, taiedminor
product isolated was 3-acetyl-5H-pyrrolo[2,1-a]istofe 22 in
yields of 7% and 10% respectively [Table 1. entrdesnd 2].
These products were isolated in yields that comp&recurably
to previous experiments under light irradiationadren iron salts
were used as a catalyst [Table 1: entkied andLit 2], and with
the same preference for the formation16fas major product
Blank reactions were performed without the DKP addifi, to
observe how the enolate anion of DKIR, influences the yields
of the reaction. We note that the choice of solVex#t a dramatic
effect on the yields. A blank reaction in benzenehauit the
DKP additivell, affordedmuch lower yields ofl6 compared to
when DKP was present [Table 1: entry 3]. However, alkbla
reaction in DMSO showed the opposite trend, d6dwas
achieved with higher yields of 90% when the DKP additivas
omitted [Table 1: entry 4]. The difference in DMSOymeot be
due purely to polarity effects, as evidence mowftthe dimsyl
anion as an electron dondr.

When using DMSO as a solvent (but not benzene —abke T
1. entry 5]) the reactions could be achieved at towe
temperatures. When the reaction was performed atnroo
temperature (RT) in DMSO moderate to high yields yaflized
products were isolated both with and without the DKP
additive respectively [Table 1: entries 6 and 7]re&ction that
was conducted in the dark provided confirmation ttegse
reactions proceestia a ground-state SET pathway, with yields
matching those carried out in the presence of ambblight
[Table 1: entry 8]. So, even at RT, photochemicdistance is
not needed for thesg,d reactions. When LDA was used as the
base in the reaction, only the prod®2 was isolated in low
yields; the yield of22 was comparable with the yield @&
obtained in the presence of K& [Table 1: entry 9]. To test the
effect of the halogen substituent, the substra8isc were also
treated under transition metal-free reaction camast \Whenil3b
was stirred at 126C for 1 h in the presence of KBu and DKP
11, in anhydrous benzen&3b did not react [Table 1: entry 10].
However under the same conditions in DMSO solvent, b8ith
and 13c afforded16 in low yields [Table 1: entries 11 and 13].

When either13b or 13c was reacted under harsher reaction
conditions, stirred at 168C for 16 h in the presence of KBu
and DKP11, in anhydrous benzene, the prodigtvas achieved
in low yield [Table 1: entries 12 and 14]. Finally the substggte
was treated with K@Bu and DMSO, and stirred at 120 for 1

h, in the presence of DKPL, and afforded the producgl and
25 in moderate yields [Table 1: entry 15]. In the atzgeof DKP
under the same conditior23 yielded lower yields 024 and25
[Table 1: entry 16].
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Scheme 2. Potential reaction pathways involved in formation of
16, 22, 24 and25

The proposed mechanism involves initial deprotamaif the
substrates and additives by KOtBu (Scheme 2). Utidebasic
conditions,13a-c will exist in part as enolat®da-c, and similarly
the DKP additivell will be partly converted to its enolate anion
12. The enolate aniol2 acts as an electron donor, and will
intermolecularly donate a single electronla-c to afford the
aryl radical 17. The aryl radical formed could undergo
intramolecular cyclisation onto the enolate anionfarm the
seven-membered cyclic radical anit# This radical aniori8 is
electron-rich and can propagate the radical chagohanism by
donating an electron, to eithdda-c or 13a-c, and thus yield the

O Meo

_—

MeO
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Table 2. Thermally activated Electron Transfer Reactiong6afb and the non-halogenated analog9e

o
SN >N
% N
. ﬁ@ ‘f‘x ‘f‘x
©/\” Conditions
o
26a, X =| NPr
26b, X = Br PrN
29, X=H o
11
Entry Number Substrate Additive Base (3 eq.) Solvent Conditions Product (%)
(0.5mmol, 1eq.)| (0.1eq) | unless stated
Lit3 [ref ] 26a KOtBu NHs( hv, 2 h, -78°C 27 (51)
1 26a 11 KOtBu PhH 1.5 h, 126C 27 (10),28 (21),29 (8)
2 26a 11 KOtBu DMSO 1 h, 126C 28 (trace),30 (52)
3 26a -- KOtBu DMSO 1h, 126C 30 (49)
4 26b 11 KOtBu DMSO 16 h, 126C 30(31)
5 26a 11 KOtBu DMSO 24 h, RT 27 (14),29 (16),30
(23),42 (42)
6 29 -- KOtBu PhH 1 h, 126C No reaction
7 29 11 KOtBu DMSO 24 h, RT No reaction

seven-membered cyclic produté. The formation of the minor 22 and unreacted3a were observed. In this case, we expect full
by-product 22 likely arises when an electron is donateddeprotonation of the substrate and hence a differen
intermolecularly to the substrat&3a-c. SET (single electron rationalization than above for formation2#. Its formation may
transfer) tol3a-c forms the aryl radical9 which cyclises onto  suggest that the tightly bound lithium enolate asiare less
the pyrrole ring to form the intermediate radic&O0. effective electron donors than the correspondingagsium
Deprotonation of20 affords the radical anioB81 and, after the enolates (differences between potassium salts dtsda$dower
transfer of an electron, the prod@etis formed (Scheme 2). alkali metals are pronounced in BHAS and other cogpli
reactions=>®) Intramolecular electron transfer from the lithium
analogue ofl4a would have produced the (metal-free) diradical
15 that should behave as described above. Intermalecu
electron transfer would create the lithium analoglieadicall7;
here, coupling of the aryl radical to the lithiumoéate must
again be harder than for the potassium enolate, hehdior
conformational or electronic reasons, so that dogpto the
pyrrole occurs, finally on workup formirzg.

It was demonstrated that in DMSO, and to a slighértxin
benzene, the substrai@a cyclises in the absence of the DKP
additive1l. (Table 1: entries 3 and 4). The enolate anioDKP
is proposed to act as the electron donor, but tisteate also
forms an electron-rich enolate speci&da, in the presence of
KOtBu. The relative effectiveness of the two potengigctron
donors, in this case the enolate anion of DKPor the enolate
anion present withirl4a, is often an important aspect i3
chemistry. Although two enolates are present, they @t The substrat@3 should follow the same type of mechanism as
necessarily of equal strength as electron dongsgl &actions 13a-c (Scheme 2) in the formation of produ@% and25. This
are frequently dependent on traces of a more adlgetron substrate was important for mechanistic reasons. pgDerious
donor (herel2) to initiate the radical chain — this is known as studies had shown that coupling of haloarenes ¢near can be
‘entrainment’*******°In non-polar solvents like benzene, whereinitiated through formation of benzyn&8™ Since this substrate
electron transfer from neutral species to form gedrspecies is cannot form a benzyne, it confirms that the current
not facilitated, a stronger donor lik2 can play a powerful role transformations are not dependent on a benzyne.r@ampared
in assisting the initiation of the chains. Polaldveats, like to the cyclisation ofi3a, lower yields of products were achieved
DMSO, favour SET reactions in which charged species arin the cyclisation o23. The low yields may reflect the increased
formed from neutral starting materials, and so,aisiike 12 are steric hindrance around the aryl radical that warlde from the
not needed to initiate the reactibhif the enolate anion within methoxy substituents on the benzene FhgAlternatively,
14a-c donated an electron intramolecularly to the LUMGQthie  electron-rich substrat@3 should also have a higher LUMO,
haloaryl moiety, the diradicdl5 would formupon the loss of an hence the initiation by electron transfer to thivagene would be
iodide anion. The diradicdls would undergo radical coupling in harder, and require more energy.
the cyclisation to form produdif. This route does not involve a

radical chain. Table 2 illustrates the powerful effects that solveand

temperature can have on the reaction pathways tadbkowed.
When substrat&3a was treated with LDA, the lithium enolate Substrates26a,b were synthesized and reacted under various
salt analogous td4a formed. Based on the experiments aboveconditions in the presence of KBu and with either DMSO or
with KOtBu as base, the expected product t&adHowever only  benzene as the solvent.
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Under the thermal activation conditions in benzevlgent, 26a  the neutral and deprotonated forms. Scheme 3A pespas
afforded three products in low yields: the 6-merelecyclised possible route for the formation &%, starting with an electron
product, 4-acetylphenanthridin@y, its dihydro derivative 28 transfer from the DKP enolat& to 26a,b. The resulting aryl
and the deiodinated but uncyclised prod2&fTable 2: entry 1]. radical, 32, cyclises onto the neighbouring aryl ringa the
BHAS mechanism and generates the interme@&at&he rate of

N cyclisation of radicaB2 must be competitive with hydrogen atom
o transfer (H.A.T.); the hydrogen abstraction will quer82 to
X Me ©/\NH Me H Me)ﬁg generate the observed prod@ét Deprotonation o83 yields the
@AH ——— @ @AN radical anion34, which will form 35, by donating an electron to
e e SET % the starting substra#6a, which goes on to propagate the radical
260, X= Br \ chain. Deprotonation of the N-H proton 8b, followed by
.me,molecma, hydride loss forms the produ2?, which was the only product

NH Me _ SET e kosu NH Me reported under photoactivatidhHydride loss has been observed
O @_ from alkoxides under the conditions of the coupliegctions™
in this case, the aromaticity of the nitrogen-caonitay ring in the
J*:jggﬂ product27 provides additional driving force. The proposalttha
hydride is eliminated fron86 to form 27 is supported by the
O @ Me isolation of28; this compound can form whe&7 behaves as the
e hydride acceptor for another molecule36f

neutralise

B. OK o

éé@ Cﬁﬁ@% @tj@

Q Figure 1. The X-ray crystal structure of 2-phenylquinolin-é{tone30.
M
O /j@ _KotBu e\),\‘ﬁ@
N KOtB
O Ho K® tBuOlL-Ji ©/\ @

39 When the reaction is performed in DMSO, the majodpob is
either30 or 42, depending on the temperature of the reaction. It is

1 proposed that in DMSO the substraéa will be present to some
O Sy O ‘N O extent in its enolate anionic ford1l (Scheme 3B). Since the
O O O o isolated yields 08B0 were similar both with and without the DKP

additive 11, we proposed that this enolate anBinis capable of
] undergoing intramolecular SET, whereby an electeoddnated
Scheme 3. The proposed reaction pathways of subséte from the enolate anion moiety to its haloaryl mpiéthis would
o . .. 15 Vield the diradical specie37. An 8-membered ring could form
This differed markedly from the photoactivated citinds, by the combination of the radicals, however it appehat this
which afforded solel®7 in moderate yields [Table 2: enttit3].  process must be slower than an alternative proc€se
Surprisingly, when26a was exposed to the thermal electron possibility is that a [1,4]-hydrogen atom transfey the aryl
transfer conditions in DMSO, a completely differemdguct,30,  radical would form intermediate38.”° Instead of radical
was isolatedn moderate yield [Table 2: entry 2]. The product compination between the two electrophilic species 3B
structure was confirmed by X-ray crystallographyg(ie 1). The  hydrogen atom transfer occurs to form a conjugatede 39. In
formation of30 also occurs in similar yields in the absence ef th e presence of KOtBu the enolate anion formatiohagtur to
additive1l [Table 2: entry 3]. Whe@6b was subjected to similar give 40, 6-endo-cyclisation would afford salt1, which would
reaction conditions, produc30 was isolated in lower yields, yield 42 by proton transfer either during the reaction omerk
showing that changing the halogen to Br adversefigcef the  p. On the other hand, exposure4dfto heat could lead to loss
yield [Table 2: entry 4]. The reaction 86a in DMSO [Table 2:  of hydride, consistent with the conversion36fto 27 discussed
entry 5] at RT generated a mixture of produ2®,29 and30 i egaylier, and leads td3. Tautomerism would then affor@D. In
low yields and a new product identified 48 was obtained in  aqdition, trace amounts d#8 were also observed in DMSO,
moderate yields. Produc#2 was only seen at RT, but itS \which proceedsvia the same mechanism as proposed above
desaturation produc80, was seen at higher temperature [Table(gcheme 3A). Recently, Longt al. published an alternative
2: entry 2]. When substrat2d, which is the non-halogenated synthesis of analogues @0 using TEMPO and K@u in

analogue of26a,b was subjected to the reaction conditions inpmsO, but our route must occur by a different mecsrmit
DMSO, the starting material was recovered [Table Zngare

entries 7 and5]. This substrate was used to provide added The final substrate tested was substfte(Scheme 4) which
information about the mechanism of formation ofdwets from IS analogous td26a except that the nitrogen of the tether is
26a. (Scheme 3). Particularly interesting is the fdtat by methylated to favour selective deprotonation terfdhe enolate
isolating pure29 and subjecting it to these reaction conditions,anion. Under UV irradiation conditions, this substréd, in
this does not lead to isolation or detectior8@br 42, implying a ~ Rossi’s hands, to the formation of the 8-membeneg A7
role for the halogen d#6a,b in the reactions of these substrates. (78%), in preference to a 6-membered cyclisatitat would

In these reactions, we recognize that either depatimn of have been analogous to that seen in the formatio2y drom
26a,b of the N-H or of the C-H of the ketone can occufaion 26a. We wanted to probe the effect of this methylatiodler our
the enolate; in addition, an equilibrium is likety exist between ~ground-state conditions.




Figure 2. The X-ray crystal structure of the &/9bS)-5-methyl-4b,10-
dihydro-indeno[1,2-b]indol-9b(5H)-al5.

When 44 was treated with KEBu and11 in benzene at 120

°C, tetracycle45 was isolated as a novel compound, the structure

of which was confirmed using X-ray single crystalusture
determination (Figure 2), and additionafl§ was isolated in low
yield [Scheme 4: reaction A]. However when the reactias
performed in DMSO at RT, this tetracy#® was not observed
[Scheme 4: reaction B]. The products isolated wéresimilar to
when the reaction was performed in benzdagwhich was the
only product observed when the reaction was perforosidg

photoirradiation® ) and48.

Reaction A OH
11 (0.1 equw)
0 KOtBu PhH,
| Me 120°C, 1h
% 45 (52%) 46 (9%)
N
Me
Reaction B
44 11 (0.1 equiv)
KOtBu, DMSO
RT, 24 h
47 (27%) 46 (21%)
o
T
MeHN
48 (13%)

Scheme 4. The reaction conditions and products arising from
SET to substraté4.

Possible mechanisms for forming the produats shown in
Scheme 5.Electron transfer within enolatd9 affords the
diradical 50. This diradical could directly close to form the 8
membered ring in47. Alternatively, hydrogen atom transfer
through a favoured 6-centred transition state wagiltd diradical
51, that cyclises rapidly to form ketod®. Of course, more than
one mechanistic pathway may have relevance. Intecuotdr
electron transfer to enola#9 would yield radical aniorb2.
Coupling of the radical to the anion would g&& which could
transfer an electron (to another moleculetdf to give product
47.

Two possible routes are shown (and one of them @usié®d
below) for the formation of tetracyckb. We took purified47
and converted this td5 in the presence of KiBu. The 5-
membered ring produeb was not observed in DMSO at room
temperature, which suggests that the applicationhedt is
required to convert the 8-membered proddétto the cyclic
product45. (Scheme 5).
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Scheme 5. The proposed reaction pathways of subs#dte

Formation of48 was not observed in the photochemical study.
This compound can arise by cleavage of the bonddsst the
benzylic N and the benzylic C atoms. This cleavaga be
triggered from the radical aniofi® and/or57, which can form
by electron transfer to either of the arene rinfgédo (The radical
anions56 and57 are shown, where substituent X = | or H; in our
experience, deiodination of arenes is an easiectioga than
cleavage of benzylic C-N bonds, and so we susped tha
deiodination to X= H occurs first). Such reactionsenaecently
been observed using powerful organic electron dgfidrst this
is the first observation of such reactions undetBOfacilitated
coupling conditions.

3. Conclusion

In conclusion, the present work reports the resaoftsour
studies on thermally initiated reactions of variosisbstrates
using the additive DKPL1 and KQBu, in DMSO or benzene.
Entrainment with enolated2 is of benefit in the less polar
benzene solvent, but generally not so in the motar DMSO.
Although &1 reactions are normally conducted under
photochemical activation, the substrates repredeh&ze show



that activation also occurs efficiently when grostdte
conditions are used.

4, Experimental Section

The electron transfer reactions were carried outimihglove
box (Innovative Technology Inc., U.S.A.under nitrogen
atmosphere, and performed in oven-dried or flaneddr
apparatus. All the reagents were obtained from comialer
suppliers and used without further purification sslestated
otherwise. A Biichi rotary evaporator was used to aunate the
reaction mixtures. Column chromatography was peréarmsing

Prolabo 35 — 7(um patrticle size silica gel 60 (200 — 400 mesh).

Thin Layer Chromatography (TLC) was performed udifeyck

7
water and diluted with diethyl ether (150 mL). Theaton
mixture was dried over anhydrous sodium sulfate. filbered
solution was concentrateth vacuo and purified by column
chromatography30% - 100% ethyl acetate in petroleum ether) to
yield 1,4-dipropylpiperazine-2,5-diorid (0.696 g, 14%) as pale
yellow crystals, and recovered 2-chld¥geropylacetamid€3.26
g, 49%).

Compound 11: m.p. 54-59 °C; [Found: (ESI) 199.1438.
CiH1N,0," (M+H)" requires 199.1438ma(film) / cm™ 2964,
2932, 2872, 1647, 1483, 1335, 1308, 1277, 12045 165NMR
(500 MHz, CDC}) 6 0.92-0.95 (6H, m, 2 x &), 1.56-1.62 (4H,
m, 2 X (H,), 3.37 (4H, tJ=7.5 Hz, 2 x El,), 3.96 (4H, s, ©,);
®C-NMR (125 MHz, CDC)) & 11.3 (CH), 20.0 (CH), 47.7

silica gel 60 B, pre-coated aluminium plates. Visualisation was(CH,), 50.0 (CH), 163.7 (C)m/z (ESI) 199.1438 (MH, 100%).
achieved under UVP mineralight UVG-11 lamp and by using

methanolic vanillin or phosphomolybdic acid to depethem.
Melting points were determined using a GallenKamp fféni
Melting Point Apparatus™H-NMR spectra were obtained at 400
MHz (Bruker AV400) or 500 MHz (Bruker AV500) antfc-
NMR spectra were obtained at 100 MHz (Bruker AV400) 25 1
MHz (Bruker AV500) using broadband decoupled modecae
were recorded in either deuterated chloroform (GPGir
deuterated dimethyl sulfoxide (DMSQ)d depending on the
solubility of the compounds. Chemical shifts angarted in parts
per million (ppm) calibrated on the residual nondgeated
solvent signal, and the coupling constanls,are reported in
Hertz (Hz). The peak multiplicities are denoted usithg
following abbreviations: s, singlet; d, doublet; ttjplet; q,
quartet; sx, sextet; m, multiplet; br s, broad Etigld, doublet of
doublets; td, triplet of doublets. GC-MS data wexdrded using
an Agilent Technologies 7890A GC system coupled t®@#6
inert XL EI/ClI MSD detector. Separation was performesing
the DB5MS-UI column (30 m x 0.25 mm x 0.36n) at a

4.1.2. 1-(1-(2-iodobenzyl)-1H-pyrrol-2-yl)ethan-1-
one 13a
In an oven-dried round-bottomed flask,

iodophenyl)methanol(8.2 g, 35 mmol) was dissolved
anhydrous dichloromethane (60 mL). AR®@, PBg (1.32 mL, 14
mmol, 0.4 equiv) was added slowly into the reactilask, and
the reaction mixture was stirred af© for 30 min, then at RT
overnight. The reaction mixture was quenched withewg20
mL) and extracted with dichloromethane (3 x 20 mThe
combined organic phases were washed with water (2 ml50
brine (50 mL) and dried over anhydrous sodium selfdhe
filtered solution was concentratéd vacuo to yield the crude
product 1-(bromomethyl)-2-iodobenze(®37 g, 90%) as white
crystals, which was used without further purificatiboman oven-
dried three-necked flask equipped with condensediuso
hydride in mineral oil (60%, 0.720 g, 18 mmol, EQuiv) was
suspended in anhydrous DMF (5 mL). Af®©, a solution of 1-
(1H-pyrrol-2-yl)ethan-1-one (1.64 g, 15 mmol) inhgdrous

(2-
in

temperature of 326C, using helium as the carrier gas. PositiveDMF (10 mL) was added slowly into the reaction mixjumaich
Chemical lonisation (PC:) was used with methane as the was stirred at 6C for5 min, then at RT for 1 h. A solution of 1-

ionization gas and a voltage of 952.941 V. High-nesoh mass
spectrometry (HRMS) was performed at the Universitwales,

(bromomethyl)-2-iodobenzene (5.12 g, 17.25 mmdlb lequiv)
in anhydrous DMF (10 mL) was added dropwise to tlaetien

Swansea, in the EPSRC National Mass Spectrometryr&ent Mixture, which was stirred at 68C overnight. The reaction

Accurate mass was obtained using nanospray ionizétish) or
atmospheric pressure chemical ionisation (APCI) veth.TQ
Orbitrap XL mass spectrometer. Infra-Red spectra wegerded
using Shimadzu FT-IR Spectrophotometer (Model IRAf#1)
with a MIRacle Single Reflection Horizontal ATR Accesso

4.1. Experimental Procedures and Characterisation of Substrates

4.1.1. 1,4-dipropylpiperazine-2,5-dione 11°™

In a round-bottomed flask with anhydrous dichlordmasie
(30 mL) under argon at @C, chloroacetyl chloride (4 mL, 50
mmol) and propylamine (8.64 mL, 105 mmol, 2.1 eywiere
simultaneously added dropwise, and the reaction umgxtvas
stirred at °C for 15 min. The reaction mixture was diluted with
diethyl ether (200 mL) and a solid precipitated ofitsolution.
The reaction mixture was filtered and the solid washed with
diethyl ether. The filtered solution was concentlatevacuo and
again diluted with diethyl ether (200 mL) and fikdr The
filtered solution was concentratéd vacuo to yield the crude

product 2-chloraN-propylacetamide (6.72 g, 99%) as a pale

yellow oil which was used without further purificatiom a
round-bottomed flask, 2-chlofd-propylacetamide(6.604 g,
48.7 mmol) was diluted with anhydrous tetrahydrofu{@® mL).
At 0 °C, a suspension of sodium hydride in mineral o0%6
1.95 g, 48.7 mmol, 1 equiv) in anhydrous tetrahfuhan (20
mL) was added dropwise to the reaction mixtieecannula. The
reaction mixture was stirred afQ for 10 min, then at RT for 3.5
h. The reaction mixture was quenched by dropwisetiaddof

mixture was cooled to RT, quenched dropwise with wégér
mL) and extracted with ethyl acetate (3 x 50 mL)e Eombined
organic phases were washed with water (2 x 100 mL)ekB0
mL) and dried over anhydrous sodium sulfate. THeer&d
solution was concentrateth vacuo and purified by column
chromatography0% - 10% diethyl ether in petroleum ether) to
yield 1-(1-(2-iodobenzyl)-1H-pyrrol-2-yl)ethan-1-eri3a (3.90
g, 80%) as off-white crystals; m.p. 99-1%0 (lit."* 100.3-101.5
°C); [Found: (HRMS-ES) 326.0034. GH;JNO® (M+H)"
requires 326.0042]yma(film) / cm™ 3109, 2359, 2342, 1634,
1533, 1468, 1433, 1397, 1331, 1252, 1094, 1011, B3Z, 743,
720;*H-NMR (400 MHz, CDCJ) 6 2.43 (3H, s, @), 5.57 (2H,
s, (H,), 6.22-6.24 (1H, m, Ad), 6.47 (1H, dtJ = 8, 0.8 Hz,
ArH), 6.84-6.85 (1H, m, Af), 6.92-6.96 (1H, m, At), 7.05
(1H, dd,J= 4.0, 1.6 Hz, AH), 7.21 (1H, tJ=7.6, 1.2 Hz, AH),
7.84 (1H, dJ = 8.0, 1.2 Hz, AH); *C-NMR (100 MHz, CDCJ)

3 27.3 (CH), 57.9 (CH), 97.6 (C), 109.0 (CH), 120.4 (CH),
127.3 (CH), 128.7 (CH), 129.1 (CH), 130.5 (CH), 130C), (
139.5 (CH), 140.9 (C), 188.5 (C). The spectral ddta3a were
consistent with the literature dafa.

4.1.3. 1-(1-(2-Bromobenzyl)-1H-pyrrol-2-yl)ethan-
1-one 13b

In an oven-dried three-necked flask equipped withdeaser,
sodium hydride in mineral 0{60%, 0.240 g, 6 mmol, 1.2 equiv)
was suspended in anhydrous DMF (5 mL). RO) a solution of
1-(1H-pyrrol-2-yl)ethan-1-one (0.546 g, 5 mmol) amhydrous
DMF (5 mL) was added slowly into the reaction flaskjchhvas
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stirred at 0°C for 5 min, then at RT for 1 h. A solution of 1- the reaction mixture was stirred afO for 30 min, then at RT
(bromomethyl)-2-bromobenzene (1.44 g, 5.75 mmdl5 equiv)  overnight. The reaction mixture was quenched with wg2@
in anhydrous DMF (5 mL) was added dropwise to thetimac mL) and extracted with dichloromethane (3 x 15 mije
mixture, which was stirred at 68C overnight. The reaction combined organic phases were washed with water (25 loning
mixture was cooled to RT, quenched dropwise with wédér (25 mL) and dried over anhydrous sodium sulfatee Titered
mL) and extracted with ethyl acetate (3 x 40 mL)e Tombined solution was concentrated vacuo to yield the crude product 1-
organic phases were washed with water (20 mL), brife(R) (bromomethyl)-2-iodo-3,4-dimethoxybenzene (3.5799%) as
and dried over anhydrous sodium sulfate. The &tesolution  off-white crystals which was used without further pegfion. In
was concentratedin vacuo and purified by column an oven-dried round-bottomed flask equipped withdemser,
chromatography0% - 5% diethyl ether in petroleum ether) to sodium hydride in mineral 0i{60%, 0.352 g, 8.81 mmol, 1.2
yield 1-(1-(2-bromobenzyl)-1H-pyrrol-2-yl)ethan-he® 13b equiv) was suspended in anhydrous DMF (5 mL). AC) a
(1.20 g, 86%) as pale-yellow crystals; m.p. 9@(lit."* 80-81  solution of 1-(1H-pyrrol-2-yl)ethan-1-one (0.800 §34 mmol)
°C); [Found: (HRMS-ES) 278.0176. GH:3BrNO" (M+H)*  in anhydrous DMF (5 mL) was added slowly into the tieac
requires 278.0175]pmadfilm) / cm™ 1651, 1528, 1470, 1439, mixture, which was stirred atC for 5 min, then at RT for 1 h.
1422, 1398, 1356, 1325, 1244, 1086, 1024, 943, 788, 677; A solution of 1-(bromomethyl)-2-iodo-3,4-dimethoxylzene
'"H-NMR (400 MHz, CDC}) & 2.43 (3H, s, €ly), 5.65 (2H, s, (3.01 g, 8.44 mmol, 1.15 equiv) in anhydrous DMF (i) was
CH,), 6.22-6.24 (1H, m, Ad), 6.52-6.54 (1H, m, Af), 6.88- added dropwise to the reaction mixture, which wasestiat 60
6.89 (1H, m, AH), 7.04-7.06 (1H, m, A4), 7.09-7.13 (1H, m, °C overnight. The reaction mixture was cooled to BTenched
ArH), 7.15-7.19 (1H, m, Ad), 7.56 (1H, ddJ = 7.6, 1.2 Hz, dropwise with water (40 mL) and extracted with ethydtate (3
ArH); ®C-NMR (125 MHz, CDCJ) § 27.4 (CH), 53.0 (CH), x 30 mL). The combined organic phases were washedweitar
108.9 (CH), 120.4 (CH), 122.5 (C), 127.9 (2 x CH), B2&H), (50 mL), brine (50 mL) and dried over anhydrousigodsulfate.
130.6 (CH), 130.7 (C), 132.8 (CH), 138.0 (C), 1883;(m/z  The filtered solution was concentratedvacuo and purified by
(ESI) 280.0153 (MH , Br*!, 100%), 278.0176 (MH Br'®, 100).  column chromatograph§0% - 20% ethyl acetate in petroleum
The spectral data dBb were consistent with the literature data. ether) to yield 1-(1-(2-iodo-3,4-dimethoxybenzyl)-1H-pyrrol-2-
yl)ethan-1-one 23 (1.75 g, 62%) as off-white crystals; m.p. 89-90
‘11:;14(9. %égl-(Z-Chlorobenzyl)-lH-pyrroI-2-y|)ethan- °C: [Found: (HRMS-ES) 386.0250. GHyANOs (M+H)"
requires 386.0248]yma(film) / cm™ 1641, 1479, 1460, 1397,

In an oven-dried three-necked flask equipped withdemser, 1590 1265. 1225 1144. 1086. 1022. 947. 743. &3INMR
sodium hydride in mineral o{60%, 0.240 g, 6 mmol, 1.2 equiv) (400 MHz (,:DCi) 5044 ,(3H s e 382 (,3H S €. 385

was suspended in anhydrous DMF (5 mL). AO) a §o|ution of (3H, s, GHy), 5.54 (2H, s, B,), 6.20-6.21 (1H, m, AH), 6.28
L-(LH-pyrrol-2-yljethan-1-one (0.546 g, 5 mmol) amhydrous (1 g 3="g.4 Hz, AH), 6.76 (LH, dJ = 8.4 Hz, AH), 6.82-
DMF(S mLO) was addeo_l slowly into the reaction flask;c_/thas 6.83 (1H, m, AH), 7.04-7.05 (1H, m, Af); “C-NMR (100
stirred at 0°C for 10 min, then at RT for 1 h. A solution of 1- MHz, CDCL) & 27.4 (CH), 56.2 (CH), 57.6 (CH), 60.4 (CH),
(bromomethy|)'2'ChOfObenzene (075 mL, 5.75 mmOJlsl 96.8 (C), 108.8 (CH), 112.7 (CH), 120.4 (CH), 1232"1&303

equiv) in anhydrous DMF (5 mL) was added dropwiseh® t ) 1307 (C). 133.7 (CH). 149.0 (C). 151.8 (C C
reaction mixture, which was stirred at 6@ overnight. The ©. 7 (©), 7 (CH), 0©), 8 (CRBB(C).

reaction mixture was cooled to RT, quenched dropwiith

water (40 mL) and extracted with ethyl acetate (>x8.). The
combined organic phases were washed with water (30 bnibg
(30 mL) and dried over anhydrous sodium sulfatee Tiliered
solution was concentrateth vacuo and purified by column

. bromomethyl)-2-iodobenzene (1.48 g, 5 mmol}-(2-
chromatography0% - 2% ethyl acetate in petroleum ether) to( ; .
yield  1-(1-(2-chlorobenzyl)-1H-pyrrol-2-yl)ethandne  13c aminophenyl)ethan-1-onl.22 mL, 10 mmol, 2 equivk,CO;

0 . 13 ag.  (2.07 g, 15 mmol, 3 equiv) and acetonitrile (5 mLhe reaction
g%zjé;.g[’lzgﬁ?&a(se%ég)y ezngx\.llc_rygs_:ié’“\%e'(K/Ii‘i()qltr'e q'uﬁ?as mixture was stirred at 8‘53_ for 3 days. The reaction mixture was
234.0680]:vma(film) / ci* 2980, 1647, 1468, 1397, 1331, 1244, c00led to RT, diluted with 4 (20 mL) and extracted with
1086, 1038, 945, 745, 694, 633, 615-NMR (400 MHz, dlchloromethane.(S x.20 mL). The combllned organiases
CDCl,) 5 2.43 (3H. s, €l,), 5.68 (2H. s, €,), 6.22 (1H, ddJ = were washed with b.rlne (60 m!_) and dried over anhyslrou
4, 2.8 Hz, AH), 6 61 le ,d,J ~ 76 Hz 'AH)’6 89-6.90 (1H, m sodium sulfate. The filtered solution was concestfah vacuo
A’rH.) 7'64_7_65 .(1H m' A) 7'.11_7’_21 (2H m .A-ﬂ) 7.’37’ and purified by columr_l chromatograpi@% ethyl acetate in
(1H, ’dd,J =8 1.2 I:|z, ,,AH); BBC.NMR (125 MHz CD,CJ) 5  Ppetroleum ether) to yleld0 1-(2-((2-iodobenzyl)am)jpioenyl)-
27.4 (CH), 50.5 (CH), 108.9 (CH), 120.5 (CH), 127.2 (CH), Sthar_l-l;gne%a (1.18 go, 67%) as a yellow solid; m.p.: 137-138
127.8 (CH), 128.7 (CH), 129.5 (CH), 130.6 (C), 130cH),  .C (it ™ 128.3-120.3°C); [Found: (HRSM-ES) 352.0188.
132.6 (C), 136.4 (C), 188.5 (Chwz (ESI) 236.1 (MH , CF", CisHisINO™ (M+H)" requires 352.0193yax(film) / cm™ 3296,
32%), 234.1 (MH, CIs, 100). The spectral data dBc were 2359, 2342, 1626, 1570, 1516, 1435, 1418, 13561,13348,
consistent with the literature dafa. 1229, 1173, 1150, 1013, 955, 743, 66M:NMR (400 MHz,

CDCL) 8 2.62 (3H, s, ©5), 4.43 (2H, dJ = 6 Hz, G1,), 6.53
4.1.5. 1-(1-(2-10do-3,4-dimethoxybenzyl)-1H- (1H, d,J = 8 Hz, AH), 6.61-6.65 (1H, m, At)), 6.94-6.98 (1H,
pyrrol-2-yl)ethan-1-one, 23 m, ArH), 7.27-7.32 (3H, m, Ad), 7.79 (1H, dd,J = 8.0, 1.2 Hz,

In an oven-dried round-bottomed flask, (2-iodo-3,4-ArH), 7.86 (1H, dJ = 7.6 Hz, AH), 9.39 (1H, br s, N); *°C-
dimethoxyphenyl)methanol (2.94 g, 10 mmuls dissolved in  NMR (100 MHz, CDC)) s 28.1 (CH), 52.1 (CH), 98.4 (C),
anhydrous dichloromethane (20 mL). Af©, PBg (0.38 mL, 4 112.4 (CH), 114.9 (CH), 118.2 (C), 128.2 (CH), 1280},
mmol, 0.4 equiv) was added slowly into the reactiask, and 129.1 (CH), 132.9 (CH), 135.2 (CH), 139.6 (CH), 14033, (

4.1.6. 1-(2-((2-1odobenzyl)amino)phenyl)ethan-1-
one 26a

To an oven-dried high-pressure sealed tube was added



150.8 (C), 201.3 (C). The spectral data26& were consistent
with the literature dat&.

4.1.7. 1-(2-((2-Bromobenzyl)amino)phenyl)ethan-1-
one 26b

To an oven-dried 3-necked flask was added 1-(brortoyt)e
2-bromobenzene (1.25 g, 5 mmof)-(2-aminophenyl)ethan-1-
one (1.22 mL, 10 mmol, 2 equjvik,CO; (2.07 g, 15 mmol, 3
equiv) and acetonitrile (10 mL). The reaction mietwas stirred
at 85°C for 22 h. The reaction mixture was cooled to Rluted
with water (30 mL) and extracted with ethyl acetatex G mL).
The combined organic phases were washed with watem(30
and brine (30 mL) and dried over anhydrous sodiulfate. The
filtered solution was concentrateieh vacuo and purified by
column chromatograph{2% - 4% diethyl ether in petroleum
ether) to yield 1-(2-((2-bromobenzyl)amino)phenyl)ethan-1-one
26b (1.14 g, 75%) as yellow crystals; m.p. 141-£€3 [Found:
(HRMS-ESI) 304.0328. GH:sBINO" (M+H)* requires
304.0332];vmafilm) / cm™* 3291, 2924, 2359, 1634, 1572, 1516,
1437, 1418, 1356, 1250, 1229, 1152, 1024, 955, 84%; 'H-
NMR (400 MHz, CDC}) 5 2.63 (3H, s, €l), 4.53 (2H, s, €,),
6.56-6.58 (1H, m, Atl), 6.61-6.66 (1H, m, Af), 7.10-7.15 (1H,
m, ArH), 7.23 (1H, tdJ = 7.6, 1.2 Hz, A), 7.28-7.33 (2H, m,
ArH), 7.57 (1H, ddJ = 8.0, 1.2 Hz, AH), 7.79 (1H, dd) = 8.0,
1.6 Hz, AH), 9.40 (1H, br sNH); **C-NMR (100 MHz, CDC))

8 28.1 (CH), 47.1 (CH), 112.4 (CH), 114.9 (CH), 118.2 (C),
123.2 (C), 127.7 (CH), 128.6 (CH), 128.8 (CH), 132CH],
132.9 (CH), 135.2 (CH), 137.5 (C), 150.8 (C), 201C3; (m/z
(ESI") 306.0304 (MH, Br*, 96%), 304.0328 (MH Br’®, 100).

4.1.8. 1-(2-((2-1odobenzyl) (methyl)amino)phenyl)-
ethan-1-one 44

To an oven-dried round-bottomed flask containingC®;
(3.46 g, 25 mmol, 1 equiv) suspended in anhydrousFOi/b
mL), was added 1-(2-aminophenyl)ethan-1-one (3.04, 2f&
mmol) under argon atmosphere and reaction mixture stiared
at RT for 15 min. A solution of Mel (1.56 mL, 25 mma equiv)
in anhydrous DMF was added dropwise to the reactioauna.
The reaction mixture was stirred at RT for 3 daylse Teaction
mixture was diluted with O (60 mL) and extracted with ethyl
acetate (3 x 40 mL). The combined organic phases washed
with water (50 mL) and brine (50 mL) and dried ovehydrous
sodium sulfate. The filtered solution was concertiah vacuo
and purified by column chromatograp(B826 - 5% ethyl acetate
in petroleum ether) to yield 1-(2-(methylamino)pygethan-1-
one (1.98 g, 53%) as yellow crystals. To an oveaedtigh-
pressure sealed tube was added 1-(bromomethyl)ébatzene
(1.48 g, 5 mmol) 1-(2-(methylamino)phenyl)ethan-1-or(895
mg, 6 mmol, 1.1 equivkK,CG; (1.38 g, 10 mmol, 2 equiv) and
acetonitrile (5 mL). The reaction mixture was stirat 85°C for
4 days. The reaction mixture was cooled to RT tdduwith HO
(20 mL) and extracted with dichloromethane (3 x 1B).nThe
combined organic phases were washed with brine (40ant)
dried over anhydrous sodium sulfate. The filteretution was
concentratedn vacuo and purified by column chromatography
(5% ethyl acetate in petroleum ether) to yield A{@
iodobenzyl)(methyl)amino)phenyl)ethan-1-of (1.45 g, 79%)
as orange crystals; m.p. 66-6&; [Found: (ESI) 366.1];

9
(C), 203.3 (C). The spectral datasf were consistent with the
literature data®

4.1.9. 1-(2-(Benzylamino)phenyl)ethan-1-one 29

To an oven-dried high-pressure sealed tube was added
(bromomethyl)benzene  (0.855 g, 5 mmol) 1-(2-
(aminomethyl)phenyl)ethan-1-or§@.73 mL, 6 mmol, 1.1 equiv),
K,CO; (1.38 g, 10 mmol, 2 equiv) and acetonitrile (5 mLhe
reaction mixture was stirred at 8& for 3 days. The reaction
mixture was cooled to RT, diluted with,® (20 mL) and
extracted with dichloromethane (3 x 20 mL). The comabd
organic phases were washed with brine (40 mL) andl dneer
anhydrous sodium sulfate. The filtered solution w@ascentrated
in vacuo and purified by column chromatograp(B0% - 40%
toluene in hexane) to yield 1-(2-(benzylamino)phtiian-1-
one29 (0.482 g, 43%) as yellow crystals; m.p. 83%5 (lit.*:
79-81°C); [Found: (HRMS-ES) 226.1227. GH1NO" (M+H)*
requires 226.1226]yma(film) / cm™ 3323, 1638, 1566, 1514,
1493, 1418, 1362, 1244, 1225, 1165, 1024, 953, 729, 706,
692, 667;'H-NMR (400 MHz, CDC}) § 2.61 (3H, s, €l,), 4.47
(2H, d,J = 5.6 Hz, ®&1,), 6.59-6.63 (1H, m, Af), 6.65 (1H, d,)
= 8.8 Hz, AH), 7.24-7.34 (5H, m, At)), 7.77 (1H, ddJ = 8, 1.6
Hz, ArH), 9.31 (1H, br s, N); *C-NMR (100 MHz, CDCJ) 5
28.1 (CH), 46.8 (CH), 112.3 (CH), 114.5 (CH), 118.0 (C),
127.1 (2 x CH), 127.3 (CH), 128.8 (2 x CH), 132.8 (CH35.2
(CH), 138.8 (C), 151.0 (C), 201.1 (C). The specttaia of29
were consistent with the literature data.

4.2. General Procedure for Electron Transfer Reactions

Substratg0.5 mmol) andLl (0 or 0.1 equiv) were added to a
pressure tube. Base and anhydrous solvent were adtbethe
tube in the glove box. The tube was then sealedeplppnd then
removed from the glove box. The reaction was camigdat the
given temperature for the given reaction time. Téaction was
stopped and the pressure tube was cooled to RT.r&dwion
mixture was quenched with either water or saturatace@as
ammonium chloride (20 mL) and extracted with dietbtier or
dichloromethane or ethyl acetate (3 x 20 mL). Tleenlkined
organic layers were then washed with water (15 mL) lanke
(15 mL) and dried over anhydrous sodium sulfatee Tiliered
solution was concentrateth vacuo and purified by column
chromatographyo yield products.

4.2.1. Table 1; Entry 1.

13a (0.163 g, 0.5 mmol) was treated witl (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous benzene (5 mL) under the general reaptiocedure
at 120°C for 1 h. The reaction mixture was quenched with wate
and extracted with diethyl ether. Purification (10920% ethyl
acetate in petroleum ether) vyielded 5,10-dihydrb-l1
benzo[e]pyrrolo[1,2-alazepin-11-ori® (54 mg, 55%) as a pale
green solid and 1-(5H-pyrrolo[2,1-a]isoindol-3-yhHan-1-one22
(7.2 mg, 7%) as a yellow solid.

For 5,10-dihydro-11H-benzo[e]pyrrolo[1,2-a]azepibh-dne
16: m.p. 176-177C (lit.: ** 174-176°C); [Found: (HRMS-ES)
(M+H)" 198.0911. GH;,NO (M+H) requires 198.0913];
vma(film) / cm™ 2963, 2359, 2342, 1636, 1520, 1489, 1466,

Vaadfilm) / e 1668, 1503, 1221, 1211, 1119, 1015, 953, 7501398, 1337, 739, 72, 677H-NMR (400 MHz, CDCJ) & 4.09

'"H-NMR (400 MHz, CDC)) & 2.63 (3H, s, €ly), 2.78 (3H, s,
CHg), 4.31 (2H, s, €,), 6.95-7.00 (2H, m, Ad), 7.02 (1H, dJ
= 8.0 Hz, AH), 7.25-7.38 (3H, m, At)), 7.46 (1H, dd,J) = 7.6,
1.6 Hz, AH), 7.85 (1H, dd,J = 8, 0.8 Hz, AH); "*C-NMR (100
MHz, CDCL) & 29.7 (CH), 42.8 (CH), 64.4 (G,), 99.6 (C),
118.9 (CH), 120.8 (CH), 128.4 (CH), 129.1 (CH), 129CHY,
129.6 (CH), 132.0 (CH), 132.9 (C), 139.5 (C), 13€8i), 151.0

(2H, s, ¢y, 5.26 (2H, s, 6,), 6.15-6.17 (1H, m, Ad), 6.94-
6.95 (1H, m, AH), 7.10-7.12 (1H, m, Ad), 7.25-7.35 (4H, m,
ArH); ®C-NMR (125 MHz, CDCJ) & 49.1 (CH), 53.7 (CH),
109.2 (CH), 118.6 (CH), 127.5 (CH), 127.9 (CH), 128CH]J,
129.3 (CH), 129.9 (CH), 132.4 (C), 134.3 (C), 13822, (184.4
(C). The spectral data df6 were consistent with the literature

data13,24
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For 1-(5H-pyrrolo[2,1-a]isoindol-3-yl)ethan-1-on22: m.p.
128-129°C; [Found: (HRMS-ES) (M+H)*198.0913. GH;,NO
(M+H) requires 198.0913Jyma(film) / cm™ 2922, 2359, 2342,
1626, 1614, 1476, 1439, 1395, 1306, 1262, 11928,11898,
1067, 1026, 1017, 963, 924, 747, 718, 696, 6B5NMR (400
MHz, CDCk) 4 2.48 (3H, s, €l3), 5.22 (2H, s, €,), 6.41 (1H, d,
J=4Hz, AH), 7.07 (1H, dJ = 4.4 Hz, AH), 7.30-7.34 (1H, m,
ArH), 7.38-7.42 (1H, m, Ad), 7.49-7.51 (1H, m, Ad), 7.63
(1H, d,J = 7.6 Hz, AH); *C-NMR (100 MHz, CDCJ) & 26.0

Tetrahedron

16 (74.9 mg, 76%) as off-white crystals and 1-(5H-phof®,1-
alisoindol-3-yl)ethan-1-one22 (9.5 mg, 10%) as off-white
crystals, and recovered starting matetizd (4.7 mg, 3%) as pale
brown solid.

4.2.7. Table 1; Entry 7.

13a(0.163 g, 0.5 mmol) was treated with KOtBu (0.168.§, 1
mmol, 3 equiv) and anhydrous DMSO (2 mL) under theegal
reaction procedure at RT for 24 h. Reaction mixtuvas

(CH.), 53.2 (CH), 100.2 (CH), 120.2 (CH), 121.7 (CH), 123.5 quenched with saturated aqueous ammonium chloridg an

(CH), 127.1 (CH), 128.1 (CH), 129.2 (C), 131.9 (C)214(C),
144.8 (C), 187.4 (C). The spectral dat@2dfvere consistent with
the literature daté

4.2.2. Table 1; Entry 2.

13a (0.163 g, 0.5 mmol) was treated witi (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous DMSO (2 mL) under the general reactionqafore at
120 °C for 1 h. Reaction contents mixture was with sa@afat

extracted with dichloromethane. Purification (5% 592 ethyl
acetate in hexane) yielded 5,10-dihydro-11H-berjzo[e
pyrrolo[1,2-aJazepin-11-on€l6 (58.8 mg, 60%) as off-white
crystals and 1-(5H-pyrrolo[2,1-a)isoindol-3-yl)etir&-one 22
(12.1 mg, 12%) as off-white crystals, and recovesgatting
materiall3a (30.9 mg, 19%) as pale brown crystals.

4.2.8. Table 1; Entry 8.
13a(0.163 g, 0.5 mmol) was treated with KOtBu (0.168.§, 1

ammonium chloride and extracted with dichloromethane™Mol, 3 equiv) and anhydrous DMSO (2 mL) under theegal

Purification (5% - 25% ethyl acetate in hexane)dgd 5,10-
dihydro-11H-benzol[e]pyrrolo[1,2-a]azepin-11-046 (77.8 mg,
79%) as a pale-brown solid and 1-(5H-pyrrolo[2,k@ilidol-3-
yhethan-1-one2 (9.6 mg, 10%) as pale brown crystals.

4.2.3. Table 1; Entry 3.

13a(0.163 g, 0.5 mmol) was treated with KOtBu (0.168.§, 1
mmol, 3 equiv) and anhydrous benzene (5 mL) urtdegeneral
reaction procedure at 12TC for 1 h. Reaction mixture was
quenched with saturated ammonium chloride and erglawith
dichloromethane. Purification (5% - 20% ethyl ateeia hexane)
yielded 5,10-dihydro-11H-benzo[e]pyrrolo[1,2-aJazefl-one
16 (22.9 mg, 23%) as pale yellow crystals and recovstading
material,13a, (118.9 mg, 73%) as yellow crystals.

4.2.4. Table 1; Entry 4.

13a(0.163 g, 0.5 mmol) was treated with KOtBu (0.168.§, 1
mmol, 3 equiv) and anhydrous DMSO (2 mL) under theegal
reaction procedure at 12tC for 1 h. Reaction mixture was
quenched with water and extracted with ethyl
Purification (5% - 20% ethyl acetate in hexane)ldgd 5,10-
dihydro-11H-benzo[e]pyrrolo[1,2-a]azepin-11-046 (88.6 mg,
90%) as pale brown crystals and 1-(5H-pyrrolo[Jj%edndol-3-
yhethan-1-on&2 (7.6 mg, 8%) as brown crystals.

4.2.5. Table 1; Entry 5.

13a (0.163 g, 0.5 mmol) was treated witi (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 aguand
anhydrous benzene (5 mL) under the general reaptiocedure
at RT for 24 h. Reaction mixture was quenched witlirated
aqueous ammonium  chloride and  extracted
dichloromethane. The filtered solution was concéettn vacuo
and an NMR and TLC of the crude mixture showed otdytisg

reaction procedure at RT for 24 h, in the dark.ddea mixture

was quenched with saturated aqueous ammonium chlaride
extracted with dichloromethane. To the crude reactiuxture

was added 1,3,5-trimethoxybenzene (42 mg; 0.25 mamlan
internal standard. The yields were deduced from NMBRy&is

to be 5,10-dihydro-11H-benzo[e]pyrrolo[1,2-a]lazeplrone 16

(70%) and 1-(5H-pyrrolo[2,1-a]isoindol-3-yl)etharshe 22

(10%), and starting materiaBa (13%).

4.2.9. Table 1; Entry 9.

To a flame-dried round-bottomed flask was addedhfyes
distilled diisopropylamine (0.1 mL, 0.7 mmol, 1.4ué) and
anhydrous THF (1 mL) which was put under argon atresp
and cooled to -78C. A solution of n-butyllithium in hexane
(2.38 N, 0.25 mL, 0.6 mmol, 1.2 equiv) was added dnegate
lithium diisopropylaminein situ. This LDA solution was added
via cannula to a flame-dried 3-neck flask, contairargplution of
13a (0.163 g, 0.5 mmol) in anhydrous THF (2 mL), undegon
atmosphere at -7&. The reaction mixture was stirred at “r8

acetatefor 1 h, then at RT for 1 h. The THF was removednfrthe

reaction mixture by vacuum, leaving a residue.hia glovebox
the residue was dissolved in anhydrous DMSO (2 mL) and
transferred to a sealed tube. The reaction mixttas heated to
120°C and stirred for 1 h. The reaction mixture was ghed
with saturated aqueous ammonium chloride (10 mL) and
extracted with dichloromethane (4 x 10 mL). The comab
organic phases were dried over anhydrous sodiurateulfo the
crude reaction mixture was added 1,3,5-trimethoxgbea (42
mg; 0.25 mmol) as an internal standard. The yielee deduced
from NMR analysis to be 1-(5H-pyrrolo[2,1-a]isoineH

Withyl)ethan-l-onéz (12%), and starting materiaBa (50%).

material,13a, was present, with trace amounts (<5%) of possiblg, 5 15 Taple 1 Entry 10.

cyclized product.

4.2.6. Table 1; Entry 6.

13a (0.163 g, 0.5 mmol) was treated witl (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous DMSO (2 mL) under the general reactionqufore at
RT for 24 h. Reaction mixture was quenched with sddar
aqueous ammonium  chloride and  extracted
dichloromethane. Purification (5% - 25% ethyl ateia hexane)
yielded 5,10-dihydro-11H-benzo[e]pyrrolo[1,2-aJazefl-one

13b (0.139 g, 0.5 mmol) was treated with (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous benzene (5 mL) under the general reaptiocedure
at 120°C for 1 h. Reaction mixture was quenched with water an
extracted with diethyl ether. NMR and TLC of the eudixture
showed only starting materiaBb waspresent.

Withy 5 11. Table 1; Entry 11.



13b (0.139 g, 0.5 mmol) was treated with (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous DMSO (2 mL) under the general reactionqufore at
120°C for 1 h. Reaction mixture was quenched with sagdrat
aqueous ammonium  chloride and  extracted
dichloromethane. Purificatiof2% - 25% ethyl acetate in hexane)
yielded 5,10-dihydro-11H-benzo[e]pyrrolo[1,2-aJazefl-one
16 (24.2 mg, 25%) as dark green crystals.

4.2.12. Table 1; Entry 12.

13b (0.139 g, 0.5 mmol) was treated with (10 mg, 0.05
mmol, 0.1 equiv.), KOtBu (0.281 g, 2.5 mmol, 5 equand
anhydrous benzene (5 mL) under the general reaptiocedure

11
CDCly) 6 2.47 (3H, s, €l3), 3.91 (3H, s, Of), 3.99 (3H, s,
OCHj), 5.16 (2H, s, €,), 6.50-6.51 (1H, m, Af), 6.88 (1H, d;)
= 8.0 Hz, AH), 7.07-7.08 (1H, m, A), 7.15 (1H, dJ = 8.0 Hz,
ArH); ®C-NMR (100 MHz, CDCJ) § 26.0 (CH), 52.8 (CH),

with56.5 (CH), 60.9 (CH), 102.6 (CH), 112.0 (CH), 118.8 (CH),

121.7 (CH), 126.2 (C), 129.2 (C), 135.3 (C), 1423, (143.2
(C), 152.6 (C), 187.4 (C).

4.2.16. Table 1; Entry 16.

23 (0.193 g, 0.5 mmol) was treated with KOtBu (0.168.§, 1
mmol, 3 equiv) and anhydrous DMSO (2 mL) under theegal
reaction procedure at 12tC for 1 h. Reaction mixture was
quenched with water and extracted with ethyl acetate.

at 160°C for 16 h. Reaction mixture was quenched with watePurification(20% - 40% ethyl acetate in petroleum ether) yielde

and extracted with diethyl ether. Purification (1(26% ethyl
acetate in petroleum ether) vyielded 5,10-dihydrb-l1
benzo[e]pyrrolo[1,2-a]lazepin-11-onE5 (29.3 mg, 30%) as a
brown solid.

4.2.13. Table 1; Entry 13.

13c (0.117 g, 0.5 mmol) was treated with (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous DMSO (2 mL) under the general reactionqufore at
120°C for 1 h. Reaction contents were quenched with atdr
aqueous ammonium  chloride and  extracted
dichloromethane. Purificatiof2% - 40% ethyl acetate in hexane)
yielded 5,10-dihydro-11H-benzo[e]pyrrolo[1,2-a]azefl-one
16 (19.8 mg, 20%) as a brown solid.

4.2.14. Table 1; Entry 14.

13c (0.117 g, 0.5 mmol) was treated with (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous benzene (2 mL) under the general reaptiocedure
at 160°C for 16 h. Reaction mixture was quenched with wate
and extracted with diethyl ether. Purificati®6 - 100% ethyl
acetate in petroleum ether) vyielded 5,10-dihydrb-11
benzo[e]pyrrolo[1,2-alazepin-11-on&6 (23.5 mg, 24%) as a
brown solid.

4.2.15. Table 1; Entry 15.

23 (0.193 g, 0.5 mmol) was treated wifli (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous DMSO (2 mL) under the general reactionqufore at
120°C for 1 h. Reaction mixture was quenched with watel an
extracted with diethyl ether. Purificatiol0% - 30% ethyl
acetate in petroleum ether) yield8@®-dimethoxy-5,10-dihydro-
11H-benzo[ € pyrrolo[ 1,2-a] azepin-11-one 24 (42.9 mg, 33%) as
yellow crystals,1-(8,9-dimethoxy-5H- pyrrolo[2,1-a] isoindol-3-
yl)ethan-1-one 25 (37.3 mg, 29%#as green crystals.

For  8,9-Dimethoxy-5,10-dihydro-11H-benzo[ €] pyrrolo[ 1,2-
alazepin-11-one, 24; m.p. 184-187°C; [Found: (HRMS-ES)
258.1124. GH;NO; (M+H)" requires 258.1125]yma(film) /
cm' 2924, 1638, 1491, 1398, 1341, 1279, 1267, 1076, 812,
747, 689;'H-NMR (400 MHz, CDC}) & 3.81 (3H, s, €l,), 3.85
(3H, s, G,), 4.15 (2H, s, €,), 5.19 (2H, s, €,), 6.14-6.16 (1H,
m, ArH), 6.75 (1H, dJ = 8.4 Hz, AH), 6.92-6.93 (1H, m, At),
7.05 (1H, dJ = 8.4 Hz, AH), 7.09-7.11 (1H, m, A); *C-NMR
(100 MHz, CDC}) § 41.1 (CH), 53.5 (CH), 56.0 (CH), 61.8
(CH,), 109.1 (CH), 110.5 (CH), 118.4 (CH), 123.8 (CH), 87
(CH), 128.5 (C), 128.7 (C), 132.7 (C), 147.5 (C)35(C),
184.5 (C).

For 8,9-Dimethoxy-5,10-dihydro-11H-benzo[ €] pyrrolo-[1,2-
alazepin-11-one, 25; m.p. 136-144°C; [Found: (HRMS-ES)
258.1126. GHNO;" (M+H)" requires 258.1125]yma(film) /
cm' 2938, 1636, 1495, 1397, 1252, 1223, 1921, 1105710
1042, 1022, 934, 806, 774, 750, 694, 625NMR (400 MHz,

8,9-dimethoxy-5,10-dihydro-11H-benzo[ € pyrrol o[ 1,2-a] azepin-
11-one 24 (21.2 mg, 17%) as pale brown crystals(8,9-
dimethoxy-5H- pyrrolo[ 2,1-a] isoindol-3-yl)ethan-1-one 25 (15.8
mg, 12%) as dark brown crystals.

4.2.17. Table 2; Entry 1.

26a (0.176 g, 0.5 mmol) was treated witi (10 mg, 0.05
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
anhydrous benzene (5 mL) under the general reaptiocedure
at 120 °C for 1.5 h. Reaction mixture was quenched with

withsaturated aqueous ammonium chloride and extracteth wi

dichloromethane. Purificatior(5% - 100% ethyl acetate in
petroleum ether, to 2% methanol in ethyl acetaie)dgd 1-
(phenanthridin-4-yl)ethand8 (22.9 mg, 21%) as an orange oil,
1-(2-(benzylamino)phenyl)ethan-1-or9® (9.4 mg, 8%) as a
yellow solid, and an impure sample of 1-(phenanth#d
yhethan-1-one27 (37.6 mg). This impure mixture was purified
by column chromatography (10% - 100% dichlorome¢h&m
hexane) to yield 1-(phenanthridin-4-yl)ethan-1-&7e(10.4 mg,

"10%) as yellow crystals.

For 1-(Phenanthridin-4-yl)ethan-1-ori&¥; m.p. 91-94°C (lit.
13 93.7-95.5°C); [Found: (GC-CI) 222.2. H,NO* (M+H)"
requires 222.0913]yma(film) / cm? 2922, 2359, 2342, 1684,
1580, 1346, 1275, 1184, 1165, 1111, 889, 768, 781, 720,
637;'H-NMR (400 MHz, CDCJ) § 2.95 (3H, s, €l,), 7.69-7.78
(2H, m, AH), 7.87-7.92 (2H, m, A1), 8.07-8.09 (1H, m At),
8.62 (1H, d,J = 8.0 Hz, AH), 8.69 (1H, ddJ = 8.4, 1.2 Hz,
ArH), 9.32 (1H, s, Ar); “*C-NMR (100 MHz, CDCJ) & 33.0
(CHy), 122.2 (CH), 124.3 (C), 125.2 (CH), 126.3 (C), B26.
(CH), 127.8 (CH), 128.1 (CH), 129.0 (CH), 131.5 (CH)243
(C), 141.1 (C), 141.9 (C), 153.6 (CH), 205.2 (C)eTépectral
data of27 were consistent with the literature data.

For 1-(Phenanthridin-4-yl)ethand8; [Found: (HRMS-ES])
246.0888. GH,sNONa (M+Na)' requires 246.0889.(film) /
cm' 3320, 2967, 2922, 1614, 1587, 1516, 1445, 1262311
1159, 1098, 1069, 1053, 1007, 889, 743:NMR (400 MHz,
CDCL) 6 1.77 (3H, d,J = 6.8 Hz, ®&1,), 5.47-5.52 (2H, m, Ad),
7.62-7.67 (2H, m, A), 7.73-7.76 (1H, m, Af), 7.87-7.92 (1H,
m, ArH), 8.09 (1H, dJ = 8 Hz, AH), 8.52 (1H, ddJ = 7.6, 2
Hz, ArH), 8.64 (1H, d,J = 8.4 Hz, AH), 9.25 (1H, s, Arl); °C-
NMR (100 MHz, CDCJ) & 24.8 (CH), 70.7 (CH), 121.5 (CH),
122.3 (CH), 124.7 (C), 126.1 (C), 126.1 (CH), 12THY), 127.8
(CH), 129.1 (CH), 131.4 (CH), 133.1 (C), 142.5 (C)2B4(C),
151.7 (CH).

For 1-(2-(Benzylamino)phenyl)ethan-1-02& m.p. 83-85°C
(lit.?® 79-81°C); [Found: (HRMS-ES) 226.1227. GH;NO"
(M+H)" requires 226.1226yma(film) / cm™ 3323, 1638, 1566,
1514, 1493, 1418, 1362, 1244, 1225, 1165, 1024, B53, 729,
706, 692, 667*H-NMR (400 MHz, CDCJ) § 2.61 (3H, s, €l,),
4.47 (2H, dJ = 5.6 Hz, G1,), 6.59-6.63 (1H, m, A4), 6.65 (1H,
d,J = 8.8 Hz, AH), 7.24-7.34 (5H, m, Afl), 7.77 (1H, dd,) = 8,
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1.6 Hz, AH), 9.31 (1H, br s, N); ®*C-NMR (100 MHz, CDC)) one42 (46.4 mg, 42%) as yellow crystals and 2-phenylquirol

3 28.1 (CH), 46.8 (CH), 112.3 (CH), 114.5 (CH), 118.0 (C), 4(1H)-one30 (25.6 mg, 23%) as a pale yellow solid.

(15:01 %ggl(-g) 1557).130(%)), ;gff g(z:)x ?rljezst)?)e%acﬁ)lafggz For 2-Phenyl-2,3-dihydroquinolin-4(1H)-ond2; m.p. 144-
’ ' ' ' ’ ' ' 146°C (lit.”% 148-149°C); [Found: (GC-C) 223.9];vma(film) /

were consistent with the literature data. omit 3331, 1653, 1603, 1479, 1330, 1302, 1153, 764, #98:
4.2.18. Table 2; Entry 2. NMR (400 MHz, CDC})) 6 2.77-2.95 (2H, m, COR,), 4.49 (1H,

26a (0.176 g, 0.5 mmol) was treated witd (10 mg, 0.05 brs, NH), 4.76 (1H, ddJ = 13.6, 4.0 Hz, @Ph), 6.71 (1H, d) =
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand 8.4 Hz, AH), 6.78-6.82 (1H, m, Af), 7.32-7.48 (6H, m, Ad),
anhydrous DMSO (2 mL) under the general reactionguioe at ~ 7.81-7.90 (1H, m, Ad); “C-NMR (100 MHz, CDC)) & 46.6
120°C for 1 h. Reaction mixture was quenched with satdrat (CH,or CH), 58.7 (CH or CH), 116.1 (CH), 118.6 (CH), 119.2
aqueous ammonium chloride and extracted  with(C), 126.8 (2 x CH), 127.8 (CH), 128.6 (CH), 129.2x(ZH),
dichloromethane. Purification (1% - 100% ethyl atetin  135.6 (CH), 141.2 (C), 151.7 (C), 193.4 (C). Thectja data of
hexane to 2% methanol in ethyl acetate) yielded 142 were consistent with the literature d&ta.
(phenanthridin-4-yl)ethano?8 (trace) as an orange oil and 2- 4 5 55 Taple 2: Entry 6.

i in- - 0, -
phenylquinolin-4(1H)-one30 (57.1 mg, 52%) as pale-yellow .4 164 4 0.5 mmol) was treated with KOtBu (0.168 §, 1

solid. mmol, 3 equiv) and anhydrous benzene (5 mL) urttegeneral
For 2-Phenylquinolin-4(1H)-one80; m.p. 252-255°C (lit.:*® reaction procedure at 12T for 1 h. Reaction mixture was
251-253 °C); [Found: (HRMS-ES) 222.0915. GH;,NO quenched with saturated aqueous ammonium chloridgé an
(M+H)" requires 222.0913Nma(film) / cm™ 2955, 2922, 2853, extracted with dichloromethane. NMR and TLC of theder
1738, 1632, 1580, 1543, 1&1%7, 1470, 1449, 14&316,13554, mixture showed only starting mater28 waspresent.
1138, 839, 790, 754, 689, 662{-NMR (400 MHz, d-DMSQO) § .
6.33 (1H, s, ©), 7.32-7.36 (1H, m, Af), 7.58-7.60 (3H, m, 4-2:23. Table 2; Entry 7. _
ArH), 7.65-7.69 (1H, m, Aﬂ), 7.76 (1H, d"] = 8.0 Hz, AH), 29 (0100 g,. 0.5 mm0|) was treated wild (10 mg, 005
7.83-7.84 (2H, m, Ad), 8.10 (1H, ddJ = 8.0, 1.2 Hz, AH), mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
11.68 (LH, br s, N); ®C-NMR (100 MHz, 4-DMSO) s 107.3 anhydrous DMSO (2 mL) under the general reactionqufore at
(CH), 118.7 (CH), 123.2 (CH), 124.7 (CH), 124.9 (C)7:u2(2 X RT for 24 h. Reac.tlon mlxture. was quenched with sddar .
CH), 129.0 (2 x CH), 130.4 (CH), 131.8 (CH), 134.2 (})0.5 @queous ammonium chloride and extracted with
©) '150.0 ©) 176.9 (CHH-1C HéQC 6.33/107 3. 7.33/123.2. dichloromethane. NMR and TLC of the crude mixturevsad
7.57/130.4, 7.57/128.9, 7.66/131.7, 7.76/118.7,.82/127.4, ~ONly starting materia#9 waspresent.

8.11/124.7. X-ray crystallographic data is in thepforting 4.2.24. Scheme 4: Reaction A.
Information. The spectral data 80 were consistent with the 44 (0.183 g, 0.5 mmol) was treated witld (10 mg, 0.05

H 5
literature datd mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand
4.2.19. Table 2; Entry 3. anhydrous benzene (5 mL) under the general reaptiocedure

26a(0.176 g, 0.5 mmol) was treated with KOtBu (0.168.§, 1 at 120°C for 1 h. Reaction mixture was quenched with satdrat

mmol, 3 equiv) and anhydrous DMSO (2 mL) under theegal ~ 2JUeOUS ammoniu_m _chloride and _extracted _with
reaction procedure at 14T for 1 h. Reaction mixture was dichloromethane. Purification (25% - 100% dichlorthane in

quenched with water and extracted with ethyl acetate€x@ne) yielded((4bR,9bS)-5-methyl-4b,10-dihydroindeno[1,2-
Purification (5% - 100% ethyl acetate in petroleeter) yielded ~Plindol-9b(5H)-yl)oxonium 45 (61.6 mg, 52%) and-benzyl-2,3-
2-phenylquinolin-4(1H)-one30 (54.7 mg, 49%) as off-white dihydroquinolin-4(1H)-one6 (isolated but not pure) (< 11.3 mg,
crystals. <9%).

4.2.20. Table 2; Entry 4. For 5-Methyl-4,10-dihydroindeno[ 1,2] indol-9(5H)-ol,  45;

O, . +
26b (0.152 g, 0.5 mmol) was treated with (10 mg, 0.05 nlI/lEH }02'1(.)6 CéBE[;F:CLJEQg- (F;!TMS/) 2?’?'3132025' 1?{5'_8'16’1]209
mmol, 0.1 equiv), KOtBu (0.168 g, 1.5 mmol, 3 equand ( )" requires ; Nma(ilm) / cm ’ ! ’

anhydrous DMSO (2 mL) under the general reactionqafore at 1489, 13713’ 1314, 1263, 1219, 1123, 1057, 1040, &4, 727,
A . , . 654, 631;"H-NMR (400 MHz, CDCJ) § 2.14 (1H, br s, @),

120°C for 16 h. Reaction mixture was quenched with water a 307 (34 E.). 3.44-353 (2H 8.) 473 (1H a

extracted with ethyl acetate. Purification (5% - %0Gethyl 07 (3H, s, ®), 3.44-3.53 (2H, m, B,), 4.73 (1H, 5, @),

acetate in petroleum ether) yielded 2-phenylquimd{ilH)-one 64;:6 aHAﬁ_’l]:$§6H21’HA'_3&3'31%6;50%'_:_"m'ﬂ)’ ;}1234212
30 (33.8 mg, 31%) as a pale brown solid. (4H, m, ), .36 (1H, = 7.2, 0.8 Hz, A, 7.43-7.

(1H, m, AH); **C-NMR (100 MHz, CDCJ) 5 33.8 (CH), 46.1
4.2.21. Table 2; Entry 5. (CH,), 82.7 (CH), 88.3 (C), 107.4 (CH), 117.8 (CH), 126CH),
26a (0.176 g, 0.5 mmol) was treated with (10 mg, 0.05 125.4 (CH), 125.5 (CH), 127.1 (CH), 128.6 (CH), 130CH],
mmol, 0.1 equiv), K@Bu (0.168 g, 1.5 mmol, 3 equiv) and 132.6 (C), 140.6 (C), 1428 (C), 151.2 (C). X-ray
anhydrous DMSO (2 mL) under the general reactionqutore at ~ crystallographic data are provided in the Suppgrtiiormation.
RT overnight. Reaction mixture was quenched with raed For 1-Benzyl-2,3-dihydroquinolin-4(1H)-ondi6; m.p. 114-

aqueous  ammonium  chloride and  extracted  withy 50~ /1. 27. 11 19 . . +

dichloromethane. Purification (2% - 100% dichlordhame in (1&1Hc):+(lrlcte.qui.r;sllzééi§%’6][\f Oigm)(?grg)2293%2'2%8'_7'16’1]861
hexane, to 2% methanol in ethyl acetate) yielded 13553 1497 1449 1346 1289 1229 1198 118011999, 856,
(phenanthridin-4-yl)ethan-1-on@7 (15 mg, 14%) as yellow o5 731" sogii-NMR (2,00 MHz CII’)CJ)872.74-2.’78 (2,H m
crystals, 1-(2-(benzylamino)phenyl)ethan-1-o88 (17.5 mg, CH25 3.58-3.62 (2H, m, By) 457 (2H, s, 8,), 6.69-6.75 (,2H,
16%) as yellow crystals, 2-phenyl-2,3-dihydroquineli(1H)- T ' e e ' '



m, ArH), 7.29-7.37 (6H, m, Af), 7.92-7.95 (1H, m, Af); *C-
NMR (100 MHz, CDCJ) § 38.2 (CH), 49.6 (CH), 55.4 (CH),
113.6 (CH), 117.1 (CH), 119.9 (C), 126.9 (2 x CH), B2TH),
128.4 (CH), 129.0 (2 x CH), 135.6 (CH), 137.4 (C), .95(C),

13
2. Heck, R. F., Palladium-Catalyzed Vinylation of @mg
Halides. InOrganic Reactions, John Wiley & Sons, Inc.: 2004.
3. Negishi, E.-i.Angew. Chem.,, Int. Ed. 2011, 50, 6738-6764.
4. Suzuki, A. Angew. Chem., Int. Ed. 2011, 50, 6722-6737.

193.7 (C). The spectral data @6 were consistent with the - Sonogashira, KJ, Organomet. Chem. 2002, 653, 46-49.

literature dat&’

4.2.25. Scheme 4; Reaction B.
44 (0.183 g, 0.5 mmol) was treated witi (10 mg, 0.05

6. (a) Muci, A.; Buchwald, S., Practical Palladiumt&lysts for C-N
and C-O Bond Formation. I@ross-Coupling Reactions, Miyaura,
N., Ed. Springer Berlin Heidelberg: 2002; Vol. 2pp, 131-209; (b)
Hartwig, J. F.Pure Appl. Chem. 1999, 71, 1417-1423.

mmol, 0.1 equiv), K&Bu (0.168 g, 1.5 mmol, 3 equiv) and /- Ullmann, F.; Bielecki, J.Ber. Dtsch. Chem. Ges. 1901, 34,

anhydrous DMSO (2 mL) under the general reactionqufore at
RT overnight. Reaction mixture was quenched with rastd
aqueous ammonium  chloride and  extracted

dichloromethane. Purification (2% - 25% ethyl ateia hexane)

to yield 2-phenylquinolin-4(1H)-one47 (32.4 mg, 27%) as a

yellow solid, 1-benzyl-2,3-dihydroquinolin-4(1H)-ord6 (25.2
mg, 21%) as a yellow oil and 1-(2-(methylamino)pHjsthan-1-
one48 (9.5 mg, 13%) as a yellow oil.

For 5-methyl-6,11-dihydrodibenzo[b,flazocin-12(5H)ep47;
m.p. 102-106°C (lit. ** 108-109°C); [Found: (GC-C) 238.1];

Vimadfilm) / cm* 1661, 1591, 1487, 1350, 1285, 1163, 1088

1009, 756, 735, 623H-NMR (400 MHz, CDC}) & 3.01 (3H, s,
CHas), 4.08 (2H, s, B, 4.22 (2H, s, E,), 6.90-6.94 (1H, m,
ArH), 7.05 (1H, dJ = 8.4 Hz, AH), 7.11 (1H, dJ = 7.6 Hz,
ArH), 7.21-7.29 (3H, m, Ad), 7.40-7.45 (1H, m, Ad), 7.61
(1H, dd,J = 7.6, 1.6 Hz, AH); *C-NMR (100 MHz, CDC)) &
38.0 (CH), 48.3 (CH), 64.6 (CH), 115.2 (CH), 119.0 (CH),
127.2 (CH), 128.4 (CH), 128.8 (CH), 129.5 (CH), 130CH],
131.2 (C), 132.7 (CH), 135.3 (C), 135.8 (C) 153.p, @10.9 (C).
The spectral data @7 were consistent with the literature d&ta.

For 1-(2-(methylamino)phenyl)ethan-1-04& m.p. 45-47°C
(lit.?® 37-39 °C); [Found: (HRMS-ES) 150.0910. GH;,NO"
(M+H)* requires 150.0913Jyma(film) / cm™ 3321, 1632, 1562,
1516, 1410, 1234, 1165, 951, 743, 652, 6HINMR (400 MHz,
CDCly) § 2.57 (3H, s, €l3), 2.91 (3H, dJ = 4.8 Hz, G&1,), 6.57-
6.61 (1H, m, AH), 6.68-6.70 (1H, m, Af), 7.36-7.40 (1H, m,
ArH), 7.73-7.75 (1H, dJ = 8, 1.6 Hz, AH), 8.78 (1H, br sNH);
®¥C-NMR (100 MHz, CDCJ) & 27.9 (CH), 29.3 (CH), 111.3
(CH), 113.9 (CH), 117.6 (C), 132.7 (CH), 135.1 (CH)215(C),

200.8 (C). The spectral data dB were consistent with the

literature dat&®
4.2.26. Reaction of 47 with KOtBu

wit

2174-2185.
8. (a) Yanagisawa, S.; Ueda, K.; Taniguchi, T.mitaK., Org. Lett.

h2008, 10, 4673-4676; (b) Deng, G.; Ueda, K.; Yanagisawa, S.

Itami, K.; Li, C.-J.,Chem. Eur. J. 2009, 15, 333-337; (c) Sun, C.-L,;
Shi, Z.-J.,Chem. Rev. 2014, 114, 9219-9280; (d) Sun, C.-L.; Li, H;
Yu, D.-G.; Yu, M.; Zhou, X.; Lu, X.-Y.; Huang, KZheng, S.-F.; Li,
B.-J.; Shi, Z.-J.Nat Chem 2010, 2, 1044-1049; (e) Shirakawa, E.;
Itoh, K.-i.; Higashino, T.; Hayashi, TJ, Am. Chem. Soc. 2010, 132,
15537-15539; (f) Studer, A.; Curran, D. Rngew. Chem,, Int. Ed.
2011, 50, 5018-5022; (g) Sun, C.-L.; Gu, Y.-F.; Wang, B.;,ShiJ.,
Chem. Eur. J. 2011, 17, 10844-10847; (h) Sun, C.-L.; Gu, Y.-F;
Huang, W.-P.; Shi, Z.-JChem. Commun. 2011, 47, 9813-9815; (i)

‘Shirakawa, E.; Zhang, X.; Hayashi, Angew. Chem.,, Int. Ed. 2011,

50, 4671-4674; (j) Yong, G.-P.; She, W.-L.; Zhang;M.; Li, V.-
Z., Chem. Commun. 2011, 47, 11766-11768; (k) Rueping, M.;
Leiendecker, M.; Das, A.; Poisson, T.; Bui, IChem. Commun.
2011, 47, 10629-10631; (I) Qiu, Y.; Liu, Y.; Yang, K.; HonyV.;
Li, Z.; Wang, Z.; Yao, Z.; Jiang, SQrg. Lett. 2011, 13, 3556—-3559;
(m) Roman, D. S.; Takahashi, Y.; Charette, A. Grg. Lett. 2011,
13, 3242-3245; (n) Shirakawa, E.; Hayashi, Chem. Lett. 2012,
41, 130-134; (o) Liu, H.; Yin, B.; Gao, Z.; Li, Y.jahg, H.,Chem.
Commun. 2012, 48, 2033-2035; (p) Chen, W.-C.; Hsu, Y.-C.; Shih,
W.-C.; Lee, C.-Y.; Chuang, W.-H.; Tsai, Y.-F.; ChenPR.Y.; Ong,
T.-G., Chem. Commun. 2012, 48, 6702-6704; (q) Pieber, B.;
Cantillo, D.; Kappe, C. OChem. Eur. J. 2012, 18, 5047-5055; (r)
Bhakuni, B. S.; Kumar, A.; Balkrishna, S. J.; SheighA.; Konar,
S.; Kumar, S.0Org. Lett. 2012, 14, 2838-2841; (s) Ng, Y. S.; Chan,
C. S.; Chan, K. STetrahedron Lett. 2012, 53, 3911-3914; (t) De,
S.; Ghosh, S.; Bhunia, S.; Sheikh, J. A.; Bisai, @tg. Lett. 2012,
14, 4466-4469; (u) Tanimoro, K.; Ueno, M.; Takeda; Kirihata,
M.; Tanimori, S.,J. Org. Chem. 2012, 77, 7844-7849; (v) Wu, Y.;
Wong, S. M.; Mao, F.; Chan, T. L.; Kwong, F. Yrg. Lett. 2012,
14, 5306-5309.

9. (a) Zhao, H.; Shen, J.; Guo, J.; Ye, R.; ZengQHem. Commun.
2013, 49, 2323-2325; (b) Budén, M. E.; Guastavino, J. FsRdR.
A., Org. Lett. 2013, 15, 1174-1177; (c) Liu, W.; Tian, F.; Wang, X.;

47 (0.010 g, 0.042 mmol) was treated with KOtBu (0.014 g Yu. H.; Bi, Y., Chem. Commun. 2013, 49, 2983-2985; (d) Kumar,

0.126 mmol, 3 equiv) and anhydrous benzene (1 mdedthe

general reaction procedure at 17D for 1 h. Reaction mixture

was quenched with water and extracted with ethyl a=etat the
crude reaction mixture was added 1,3,5-trimethoxybea
(0.025 mmol) as an internal standard. The yieldseveduced
from NMR analysis to be yield(4bR,9bS)-5-methyl-4b,10-

dihydroindeno[ 1,2-b] indol-9b(5H)-yl)oxonium 45 (31%) and
starting materiadt7 (29%).
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