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Abstract

Using a sustainable, green and one-pot protocwmiplsi furans are transformed into complex
aromatic nitrogen-bearing polycycles that are sgtthlly important. The reaction, which is
performed in water, begins with the highly seleetiand mild photooxidation of the furan
substrate with singlet oxygen.
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Introduction

Achieving greater sustainability in the practicel application of organic chemistry is currently
a major driving force in the field. The search faw synthetic methods is especially motivated
by this imperative. Sustainability in synthesis, however, has mangttaeach of which must be
considered: these range from maximizing yields atmin/step/redox-economy, to reducing
the use of toxic reagents and solvents. All thecepts are covered by the overlapping and goal-
defining tenets of ideal syntheStsand green chemistfy:** Within synthetic organic chemistry,
perhaps, the most challenging area in which toeaavith these new ideas, is in the synthesis
of polycyclic targets rich in heteroatoms. Thespety of compound represent popular targets
usually as a result of, but not limited to, thedspession of important biological activiti&sThe
reasons for the difficulties so often encounterdtenvseeking a sustainable approach to these
molecules are numerous and include: (1) the higbtnaty of heteroatom-based functionalities
to many reaction conditions means that protectingugs are heavily us&d* with the
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consequence that many non-constructive concesyiateps® are commonly relied upon; (2)
when manipulating, particularly, oxygen-rich sturets, non-strategic redox manipulatiohs
often represent indiscriminately-used default tfamsations; and (3) access to different
oxidation states for heteroatom-based functiomalifpy means of oxidation or reduction) is
dominated by heavy metal-based reagents with tgxissues and/or by reagents which exhibit
poor atom-economy.

We seek solutions to these problems by lookinghéw ways to employ the atom-economic
and green oxidant, singlet oxygei®{), in the construction of diverse and important ecalar
motifs and molecule¥*” Beyond its many advantages as a green reagegletsoxygen is an
ideal player in sustainable chemistry because Igoth highly selective in its reactions, which
eliminates the need for protecting groups and rimtesyic redox manipulatiort and because it
readily initiates one pot reaction sequences thataccomplish dramatic increases in molecular
complexity in a single operatidfi?’ Recently, we have explored ways to include basiogen
components in such sequenét¥’ so that not only polyoxygenated, but also nitregearing,
polycycles can be targeted. In a new metfféd, we combined the singlet oxygen-
photooxidation of simple furans with the introdoctiinto the reaction sequence of both a basic
nitrogen reactant and a Pictet-Spengler cyclisgtidhthus, affording in one operation various
aromatic nitrogen containing-polycycles that arespnt in many natural products and other
bioactive targets. This method, however, requiteduse of methanol and chlorinated solvents,
neither of which can be part of a complete sustdeg@aradigm. Therefore, to improve the
credentials of the method, in our investigationortgd herein, we attempted to undertake the
transformation in water — a task that was by nomsesample to accomplish as the water would
have to participate as a reactant, as well asdhetion solvent. In such a carefully balanced
reaction sequence as this one, such a mechanistiolthnce might be expected to have a
significant bearing on the outcome. Despite thisceon, we successfully developed an improved
green protocol for the one pot conversion of singid readily accessible furans into complex
aromatic nitrogen-containing polycycles, in watesing singlet oxygen.

Results and Discussion

The mechanistic rationale, which served as thesdasiour investigation, is shown in Scheme 1.
It shows how water is expected to participate asaatant and why the use of water as solvent
might cause a serious deviation from what had laeenmplished previousfj**

Singlet oxygen, generated photochemically, typychist undergoes a [4+2]-cycloaddition
with the furan substrate to give an ozonide (naiwst). It is reasonable to suggest that the
solvent, in this case water, might open the ozwradduct to give a hydroxy-hydroperoxy
intermediateB. The regiochemistry of this opening is irrelevasitice both possibilities later
converge, but has been shown as occurring at tis¢ snbstituted of the two possible positions,
as there is evidence, at least when methanol isdghent, that this is the preferred site for the
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ozonide opening®*° The hydroxyl group derived from the molecule oftevacould then initiate
a ring-opening/closing rearrangement to yield theswalbis-hemiketal-endoperoxide.
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Scheme 1Mechanistic rationale behind targeted cascadeioseséquence.

It should be noted here that in recent studies hwisicare certain features with the current
cascade reaction sequence, but which furnish gntitiferent products, we have found and
characterized this intermediateUnder aqueous conditions, we propose that theliledai
betweenB, C and D is sidelined by the collapse of the open chainrbydroxy ketoneC
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affording the unsaturated keto-aldehy#lenvhich would in turn be the subject of an attagklie
newly introduced amineE(— F). It should be emphasized here that no reductamdh(as the
Me,S utilized in such sequené&$?) shall be used as an additive, thus the new pobteii not
only be undertaken in an environmentally benigivesad, but will also work in a more succinct
manner and have a reduced number of additivesfeadgiean previous methods. A series of
reorganizing equilibria could then afford catibin deprotonation of which affords the isolable,
but fairly fragile, intermediate that had been observed in previous stutfiéTreatment of this
intermediatein situ with acid can lead to the formation of tNeacyliminium ion (NAI3232J),
which is the electrophile required for the Pictpesglef>?’ cyclisation § — K).

1 HO 0-0 OH
Ozyy 1aD BnNH,, H,O
0

/N 04, RB, hv, 5°C, H,0, 20 min N

o) > ~

BnNH,, RT, 30 min
CO,Et 54%

1a 25 ~CO,Et

Scheme 2Proof-of-principle experiment.

Since the last stages of this mechanistic analirgiommon to the Pictet-Spengler reaction
in methand the first and most important task was to validthte early steps of the proposed
sequence. To this end, the simple futanwvas photooxygenated using our standard conditions:
bubbling oxygen through the reaction solution comtg catalytic rose Bengal at 5 °C while
irradiating with visible spectrum light (Scheme ¥Yorthy of note is that when water was the
solvent, the irradiation time required was londg2d ¢ 40 min) than that required in methanol (8
min). After the reaction was complete (by tic),jadged by the formation of intermediataD
whose structure was supported by NMR (see Expenzylamine was added and the reaction
was stirred for 30 mins at room temperature at Wwipigint the desired pyrrolidinora formed.
With this result in hand, we had obtained proopdficiple for the new method; more
specifically, we had demonstrated that in water enthe absence of a reductant, the desired
pyrrolidinone of typd (Scheme 1) can be accessed.

To explore the scope of this mild transformatienyange of furan substrates was then
examined for the one pot reaction sequence wifitdrgine acting as coupling partner (Table 1).
This time the sequence was not stopped at the lgjnone stage; instead, an acid-promoted
Pictet-Spengler reaction was used to terminateo ityield an interesting range of indolic
polycycles 4a-e, Table 1). It should be noted that for the reacbbthe furarnle (Table 1, entry
5) Me,S was added after the photooxygenation to reduestdble spiro-hydroperoxideto the
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corresponding spiro-hemiacetd (Scheme 3); thus allowing the addition of tryptaenvia its
open forméb (E — F, Scheme 1).

Table 1.Exploring the scope of the new cascade reactionesexg.

R2 0 0
0 N . N
0Oy, RB, hv, 5°C, H,O . é A;_,:_j 9§
N
NH;, RT IR R ny R R?
3 4
. : Product
Entry Furan Solvent Tryptamine Acid yield (%)
/a 1 equiv., TFA,
1 Eogc 0 1a H0 05h lequiv,05h 208
-\ 0.6 equiv? TFA,
2 Me@w H0 0.5h 0.7 equiv., 0.5 h 4b (45)
Me a
0.7 equiv. TFA
3 2/_\) H,O ’ Y 4c (51)
Me” o 1c 0.5h 0.7 equiv., 0.5 h
s 1~ A Y HOCHCN,  lequiv, TFA, 44 (55)
O 1d 9/1 viv 0.5h 1.2 equiv., 1 h
/\/\/@ '
1.2 equiv. PTSA
c HO () 1 ’ )
° ¢ HO 1h lequiv,1h €60

& Less equiv. of tryptamine were used since parthefvolatile furanslb and 1c evaporated
during the bubbling of ©° Isolated as a 6:dis/trans mixture of two diastereomersMe,S (1
equiv.) added after the photooxygenation.

o Me,S o o =0
OOH ———>» OH
0© 0° o
5

6a HO 6b

Scheme 3Role of MeS in cascade reaction sequence that starts fraan fer

The developed protocol was simple and easy touteed-urthermore, the yields can be
described as good considering the increase in mialecomplexity achieved from the sequence.
As can be seen from Table 1, this oxidative reacti® mild and selective enough to
accommodate various sensitive moieties, such asreagy iodide or a naked primary alcohol
(and an aldehydejdeinfra).
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Scheme 4Example illustrating the tunability of the method.

Such one pot reaction sequences become all the powerful if they are controllable and
can discriminate between reaction pathways wheriegppo substrates where two or more
choices are open. The sequence developed heraabléuand selections over which reaction
pathway a substrate follows upon reaction can beemas illustrated by the example given in
Scheme 4, where the type and quantity of acid naadead to a switch in the reaction pathway.
Thus, when the substrate was furbg the use of a sub-equimolar amount of TFA gave
spirocycle7 (pathway a, Scheme 4), while the use of an eqeivadf PTSA led to the fused
polycycledevia the Pictet-Spengler reaction (pathway b).

0]
/ 0,, RB, h ° "
2y ] Vy H201 5 C \
0] > AN
CHO N NH,. RT NH
1f N (1 equiv.) 3f \O
H
[one-pot] PTSA
42% (1 equiv.)
O _ —_

Scheme 5Formation of pentacyclic compougd
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It was also of interest to explore the behavioraokubstrate that bore an electrophilic
aldehyde (-CHO) on its 2-alkyl side chaibf,(Scheme 5), to investigate the reactivity of the
indole nucleus with the intermediate dielectropiNlacyliminium ion @f’, Scheme 5). In this
case, the Pictet-Spengler reaction was followedatsecond cyclization with the aldehyde to
afford, after dehydration, the polycyclic compouddScheme 5). Thus, the aldehyde moiety
remained untouched throughout the cascade reastigmence until it was needed to participate
in the final electrophilic attack which completda tsynthesis of a complex aromatic pentacycle
8in a one pot process.

Conclusions

Simple and readily accessible furans, including esowmith fragile substituents, can be
transformed into complex aromatic nitrogen-contagnpolycycles using a mild one pot protocol
that scores highly on sustainability indices. Inrte of green chemisty;*! and excluding the
molecules that are incorporated in their totaltyhe product, an environmentally benign solvent
(water) and oxidant (singlet oxygen) are used &edonly compromises made (in terms both of
atom efficiency and reagent safety - towards batindns and the environment) are the use of
small amounts of TFA or PTSA to facilitate the las¢p of the cascade (the Pictet-Spengler
cyclisation) and the use of minute amounts of anadicatalyst (rose Bengal) that has a toxicity
profile sufficient to allow it to havén vivo human medical application$.Of course, singlet
oxygen is used as a cytotoxic agent in photodynahg@rapy® (generatedn situ, in vivo), so it
obviously cannot be called a non-toxic reagent; éwmw, as it is generated and used here the
operator would never be exposed to the reagentubeaaf its unique characteristics and short
lifetime and it can, therefore, not exert any toaftect. Its toxicity is completely nullified, and,
furthermore, no residues remain after its use,ctoxiotherwiseFinally, the reaction sequence
involved combines a dramatic increase in molecatanplexity in one operation (high step-
economy®) with excellent atom-econorfiyand is thus very efficient. This new protocol is,
therefore, an advance towards the ultimate goaitwining idedl® sustainable synthesis and
joins other efforts made by us to achieve this wrailenging target’*’

Experimental Section

General. '"H NMR spectra were recorded with a 500 MHz Brukpecsrometerin CDCl
solutions, and®*C NMR spectra were recorded with a 125 MHz Brulgcsrometein CDCh
solutions HRMS data were recorded using an Agilent G6220A M3 mass spectrometer. The
irradiation was performed using a xenon Variac EiiBarmax 300 W lampgCompoundda, 1b
and 1c are commercially available whiléd,** 13 and 1f** were prepared, as previously
reported.
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General procedure.Substituted furans (0.9 mmol fba-c, 1e, 1f were dissolved in water (22.5
mL, 40 mM final concentration), or, in the caseldf a mixture of HO/CH;CN (9:1 v/v, 30 mL,
30 mM final concentration) was used. In the caseoofipounddla, 1c and1d, the mixture was
subjected to ultrasonic vibration until completesdilution was achieved. Catalytic amounts of
rose Bengal (16 M) were added to the solutions which were therdembi an ice bath. Oxygen
was gently bubbled through the solutions while theye irradiated with a xenon Variac Eimac
Cermax 300 W lamp. The reactions were monitoretidoffor compoundd.a, 1d-f) or by NMR
(for compoundslb & 1c). After completion of the photooxidation (20 mior fla-c & 1e-f, 40
min for 1d) the solutions were warmed to rt and the apprtgriamine (0.9 mmol of
benzylamine forla, or tryptamine forla, 1d, 1f, or 0.54 mmol of tryptamine fatb, or 0.63
mmol of tryptamine forlc, or 1.08 mmol of tryptamine fdke) was added. In case bé before
the addition of the amine, it was necessary toMdgh (0.9 mmol) and leave the mixture to stir
at rt for 30 min Yide supra and Scheme 3). The reaction mixtures were theredtiat room
temperature for the formation (observed by TLC)haf intermediate pyrrolidinone of tyf@a or

3 (30 min forla-d, 1f or 60 min forle).

To verify its formation the pyrrolidinon2a was isolated and characterized. The mixture was
extracted with EtOAc (2 x 20 mL), the combined argdayers were then concentraied/acuo
and the residue purified by flash column chromapy (silica gel neutralized with
triethylamine, petroleum ether/EtOAc, 5:1).

In all the other cases the intermediate pyrrolide® Ba-f) were treatedn situ with the
appropriate acid (0.9 mmol of TFA fag, or 0.63 mmol of TFA fodb,c, or 1.08 mmol of TFA
for 1d, or 0.9 mmol of PTSA fodef). For the preparation of the spiro-adductTFA (0.27
mmol) was added. The reaction mixtures were stiged for 30 min (or 60 min in case of
compoundsld,e). After the completion of the reactions, NaCl (30@) was added and the
mixtures were extracted with EtOAc (2 x 20 mL). Thembined organic phases were
concentratedn vacuo and the products were purified by flash columnoomatography (silica
gel, petroleum ether/EtOAc, 2:1 féa and4d; 1:1 for4b, 4c, 7 and8; 1:3 for4e).

To verify our mechanistic hypothesis, intermedidtD (starting furanla, Scheme 2) was
isolated after photooxidation by extracting the tmig with EtOAc (2 x 20 mL). The combined
organic layers were concentratéd vacuo and the residue was purified by flash column
chromatography (silica gel, petroleum ether/EtOK&).

Ethyl 3-(3,6-dihydroxy-3,6-dihydro-1,2-dioxin-3-yl)propanoate (1aD). Isolated yield 36%.
The isolated yield is low because this fragile rimtediate was not highly stable to column
chromatography'H NMR (500 MHz, CDG)): oy 1.27 (3H, t,J 7.2 Hz), 2.05-2.09 (1H, m),
2.17-2.23 (1H, m), 2.40-2.49 (2H, m), 4.11-4.19 (2}, 5.30 (1H, dJ 3.9 Hz), 5.97 (1H, dd]
0.8, 10.0 Hz), 6.11 (1H, dd,3.9, 10.0 Hz)!*C NMR (125 MHz, CDGJ): éc 14.0, 29.2, 32.1,
61.2, 90.8, 96.4, 126.7, 129.0, 174.1. HRMS (TOM:E&lcd for GH1306: 217.0717 [M-H]J;
found: 217.0716.

Ethyl 3-(1-benzyl-5-oxo-4,5-dihydro-1H-pyrrol-2-yl)propanoate (2a).Isolated yield54%.'H
NMR (500 MHz, CDC}): oy 1.23 (3H, tJ 7.1 Hz), 2.47 (4H, s), 3.09 (2H, d,2.5 Hz), 4.11
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(2H, q,J 7.1 Hz), 4.72 (2H, s), 4.94 (1H, brs), 7.20 (2H) @.0 Hz), 7.24 (1H, t) 7.4 Hz), 7.31
(2H, dd,J 7.0, 7.4 Hz)*C NMR (125 MHz, CDGJ): éc 14.1, 22.4, 30.7, 36.7, 43.3, 60.7, 98.4,
126.7 (2C), 127.4, 128.7 (2C), 137.4, 144.1, 172108.0. HRMS (TOF ESI): calcd for
CieH20NOs: 274.1438 [M+H]; found: 274.1438.

Ethyl 3-(3-0x0-2,3,5,6,11,11b-hexahydroH-indolizino[8,7-b]indol-11b-yl)propanoate
(4a) #Isolated yield 58%'H NMR (500 MHz, CDGY): o4 1.23 (3H, tJ 7.2 Hz), 2.19-2.40 (5H,
m), 2.41-2.50 (2H, m), 2.63-2.70 (1H, m), 2.74-2(8Bl, m), 3.08-3.16 (1H, m), 4.05-4.15 (2H,
m), 4.50 (1H, ddJ5.9, 13.2 Hz), 7.12 (1H, §,7.2 Hz), 7.19 (1H, tJ7.2 Hz), 7.33 (1H, d) 8.0
Hz), 7.47 (1H, dJ 7.8 Hz), 8.42 (1H, brs)}*C NMR (125 MHz, CDGJ): dc 14.1, 20.8, 29.8,
30.7, 30.8, 34.7, 35.8, 61.0, 62.0, 107.7, 11118@.93, 119.8, 122.3, 126.5, 135.9, 136.1, 173.0,
173.9. HRMS (TOF ESI): calcd for 6H2,NoNaQs: 349.1523 [M + N4], found: 349.1520.
11b-Methyl-5,6,11,11b-tetrahydro-H-indolizino[8,7-b]indol-3(2H)-one (4b)? Isolated yield
45%."H NMR (500 MHz, CDCJ): o4 1.59 (3H, s), 2.13-2.20 (1H, m), 2.27-2.32 (1H, t}6
(1H, ddd,J1.8, 9.6, 11.4 Hz), 2.63-2.71 (1H, m), 2.75-2.88l,(#), 3.09 (1H, tdJ5.5, 11.9
Hz), 4.46 (1H, ddJ 5.1, 13.0 Hz), 7.10 (1H, dd,7.1, 7.8 Hz), 7.16 (1H, ddd,1.0, 7.1, 8.0 Hz),
7.33 (1H, d,J 8.0 Hz), 7.46 (1H, dJ 7.8 Hz), 8.64 (1H, brs}>C NMR (125 MHz, CDG)): dc
21.1, 25.3, 30.7, 32.8, 34.9, 59.5, 106.6, 1111@.4, 119.6, 122.0, 126.6, 136.1, 137.8, 172.8
ppm. HRMS (TOF ESI): calcd forigH17N20: 241.1335 [M + HJ; found: 241.1337.
1,11b-Dimethyl-5,6,11,11b-tetrahydro-H-indolizino[8,7-b]indol-3(2H)-one (4c)?* Isolated
in 51% vyield as a 6:&is/trans mixture of inseparable diastereomers. The fact tha cis
compound is the major one in the isolated mixtdrdhe two diastereoisomers was confirmed by
comparison with the known in the literattitg-carboline ¢is diastereoisomerfH NMR (500
MHz, CDCk): 64 0.74 (3H oftrans, d,J 7.0 Hz), 1.36 (3H ofis, d,J 6.6 Hz), 1.45 (3H oftis,

s), 1.58 (3H ofrans, s), 2.10 (1H ofrans, d, J 16.5 Hz), 2.31-2.35 (1H das, m), 2.44-2.57 (2H
of cis plus 1H oftrans, m), 2.74-2.87 (2H ofis plus 2H oftrans, m), 2.92-3.06 (1H ofis plus
1H oftrans, m), 4.44-4.52 (1H ofis plus 1H oftrans, m), 7.13 (1H otis plus 1H oftrans, dd, J
7.2,7.7 Hz), 7.16-7.22 (1H afs plus 1H oftrans, m), 7.35 (1H otrans, d,J 8.0 Hz), 7.36 (1H
of cis, d,J 8.0 Hz), 7.49 (1H otis, d,J 7.7 Hz), 7.50 (1H ofrans, d,J 7.7 Hz), 8.10 (1H ofis,
brs), 8.24 (1H ofrans, brs).**C NMR (125 MHz, CDGJ): é¢c 14.8 €is), 17.4 (rans), 19.3 €is),
21.3 trans), 21.4 €is), 25.1 (rans), 34.9 €is), 35.2 (rans), 37.9 {rans), 38.7 €is), 39.1 (i),
39.4 (rans), 61.6 €is), 63.4 (rans), 107.1 €is), 109.3 frans), 110.9 frans), 111.0 €is), 118.4
(trans), 118.5 ¢is), 119.7 {rans), 119.9 €is), 122.1 frans), 122.2 (is), 126.6 €is plustrans),
134.7 (rans), 136.0 frans), 136.1 ¢is), 137.8 €is), 171.9 €is), 172.1 frans). HRMS (TOF
ESI): calcd for GgH1gN,O: 255.1492 [M + HJ; found: 255.1491.
11b-(3-lodopropyl)-5,6,11,11b-tetrahydro-H-indolizino[8,7-b]indol-3(2H)-one (4d).

Isolated yield55%."H NMR (500 MHz, CDCJ): dy 1.82-1.90 (1H, m), 1.90-2.00 (1H, m), 2.01-
2.14 (2H, m), 2.21-2.27 (1H, m), 2.34-2.40 (1H, @%8 (1H, ddd, 2.5, 10.2, 17.0 Hz), 2.62-
2.71 (1H, m), 2.80 (1H, dd,5.0, 15.4 Hz), 2.82-2.92 (1H, m), 3.14 (2H) 6.6 Hz), 3.11-3.19
(1H, m), 4.53 (1H, dd) 5.8, 13.2 Hz), 7.12 (1H, §,7.4 Hz), 7.19 (1H, dd] 8.1, 7.1 Hz), 7.34
(1H, d,J 8.1 Hz), 7.48 (1H, dJ 7.8 Hz), 8.63 (1H, brs}*C NMR (125 MHz, CDGJ): dc 6.1,
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20.9, 28.1, 30.6, 31.0, 35.8, 40.7, 62.1, 107.1,1,1118.4, 119.8, 122.2, 126.5, 136.1, 136.7,
173.8. HRMS (TOF ESI): calcd fori@20IN.O: 395.0615 [M+H]; found: 395.0616.
11b-(4-Hydroxybutyl)-5,6,11,11b-tetrahydro-H-indolizino[8,7-b]indol-3(2H)-one (4e)**
Isolated yield60%.H NMR (500 MHz, CDCY): 6y 1.40-1.60 (4H, m), 1.86-2.02 (2H, m), 2.16
(1H, q,J 10.2 Hz), 2.31-2.46 (3H, m), 2.60-2.68 (1H, my2(1H, dd,J5.0, 15.3 Hz), 2.80-2.89
(1H, m), 3.13 (1H, tdJ 5.2, 12.4 Hz), 3.62 (2H, §,5.6 Hz), 4.47 (1H, dd] 6.1, 13.1 Hz), 7.11
(1H, t,J 7.4 Hz), 7.17 (1H, ) 7.5 Hz), 7.32 (1H, dJ 8.0 Hz), 7.46 (1H, d] 7.7 Hz), 8.50 (1H,
brs).3C NMR (125 MHz, CDGJ): 6c 20.7, 21.0, 30.4, 31.1, 32.6, 35.6, 39.7, 62.26,6206.9,
111.0, 118.4, 119.7, 122.1, 126.6, 136.1, 137.33.717HRMS (TOF ESI): calcd for
CigH2oNoNaOy: 321.1573 [M + Nal, found: 321.1575.
1-(2-(1H-Indol-3-yl)ethyl)-6-oxa-1-azaspiro[4.5]decan-2-oné7) **

Isolated yield56%.'H NMR (500 MHz, CDCY): 6 1.48-1.69 (4H, m), 1.82-1.92 (3H, m), 2.28-
2.39 (2H, m), 2.52 (1H, ddd, 7.3, 9.9, 17.3 Hz), 2.98-3.04 (1H, m), 3.08-3.161,(m), 3.51-
3.57 (2H, m), 3.63-3.70 (1H, m), 3.88-3.94 (1H, MP6 (1H, d,J 2.0 Hz), 7.13 (1H, td] 1.0,
8.0 Hz), 7.19 (1H, tdJ 1.0, 7.9 Hz), 7.36 (1H, d 8.0 Hz), 7.71 (1H, dJ 7.9 Hz), 8.09 (1H,
brs).3C NMR (125 MHz, CDGJ): dc 20.3, 25.0, 25.3, 26.9, 28.8, 33.7, 40.4, 64.11,9B11.1,
113.3, 118.8, 119.0, 121.7, 121.9, 127.5, 136.%5.47HRMS (TOF ESI): calcd for
CigH2oNoNaQ,: 321.1573 [M + Nd]; found: 321.1576.
1,2,5,6-Tetrahydroindolo[3,2,1de]pyrrolo[1,2-j][1,5]naphthyridin-4(7 H)-one (8)

Isolated yield 42%H NMR (500 MHz, CDCY): 6 1.91-1.99 (1H, m), 2.39 (1H, dd6.0, 15.8
Hz), 2.41-2.45 (1H, m), 2.47 (1H, dd;8.7, 16.6 Hz), 2.60 (1H, dd,7.9, 12.2 Hz), 2.71-2.85
(4H, m), 4.46-4.52 (1H, m), 5.25 (1H, ddt2.6, 6.0, 7.6 Hz), 7.05 (1H, ddi2.2, 7.6 Hz), 7.13-
7.18 (1H, m), 7.22-7.26 (1H, m), 7.39 (1HJ8.1 Hz), 7.49-7.52 (1H, m}*C NMR (125 MHz,
CDCly): ¢ 22.5, 30.7, 31.1, 33.2, 37.1, 58.2, 107.4, 1090B.6, 119.1, 120.8, 122.6, 124.3,
128.2, 135.6, 136.1, 175.2. HRMS (TOF ESI): calod@i7H::N,O: 265.1336 [M+H]; found:
265.1332.
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