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1. Introduction

Organic synthesis plays a vital role in medicinad an
chemical biology discoveries by providing novel dma
molecule modulators of different biological funatsd™”
Therefore, there is a constant need to unravel remical
transformations for the synthesis of complex andreho
molecular scaffold&™ In particular, chemical transformations
that could yield scaffolds resembling structuraatéees of
natural products are highly desiréd’ In this context, we
have been exploring different chemical reactivity @ccess
privileged indole scaffold based polycyclic frametsrand
derived compound collectiod$® For instance, an
enantioselective routes to indolo-quinolizines lyated by
chiral Lewis acids was developed affording novel tigto
modulators® Recently, we also employed gold(l) mediated
polycyclization reaction to build analogues of Harimé
natural product (Scheme 13).
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Scheme 1a) Indole natural product analogues and derived
polycycles; b) gold mediated cycloisomerizationadieg

to complex scaffolds; c) indolyl-1,6-enynes as $ualtss to
build diverse indole polycycles via gold mediated
transformations.

Gold(l) catalyzed cycloisomerization reactions dficient
transformations that have been extensively explanedLn-
enyne ( = 5-7) substrates affording a range of diverse
molecules (Scheme 18)* While these rearrangements have
often yielded carbo- and oxa- heterocycles, foromabf aza-
heterocycles has been less explored. Enyne
cycloisomerization reactions often pass throughopropyl

gold carbene intermediate®).£*>® In the absence of external
nucleophiles, 1,6- and 1,7-enynes frequently delivenes 8,
Scheme 1bJY Only in a few cases did enyne
cycloisomerizations yield structurally complex caoopd
classes if additional modulating external nucletgshiwere
absenf’ For instance, Echavarren et al used highly
electrophilic gold (1) catalysts to perform a [4+2]
cycloaddition of 1,6-enynes leading to moleculestygfe 4
(Scheme 1b¥ We could successfully transform 1,7-enynes
under different reaction conditions into either eaffold
similar to4 or into an exocyclic allenic framework, (Scheme
1b)* In order to explore and harness the potentialoddt)-
catalyzed cycloisomerization of enynes for the lsgais of
complex molecular frameworks with privileged indolegr
system’’** we designed the 1,6-enyn&s Indolyl-enynes?
upon gold activation can lead to either ex®dig cyclization
affording cyclopropyl gold(l) carbene intermedia(8sor a 6-
endodig cyclization yielding intermediat@. ldentifying the
reaction conditions that selectively yield one dfede
intermediates could provide an opportunity for gymthesis

of polycyclic indoles by various intra- and interecular
cyclization reactions. For instance, on the onedhahe
intermediates8 or 9 themselves can rearrange to provide
novel cyclic molecules and on the other hand mdéecu
rearrangements can also be triggered by the additib
nucleophilic carbonyl compounds affording complexidle
polycycles® Here we present the gold(l)-catalyzed intra- and
intermolecular cyclization reactions of enynésand their
potential in the synthesis of diverse and privittg@mplex
molecular structures (Scheme 1c).

2. Results and Discussion

The synthesis of indolyl enyn&swas carried out by means
of conventional methods (see the Supporting Inféiona
from commercially available indole 2-carboxylic @ciA
successful gold catalysis process requires a gateghte of
both the electrophilic nature of ligands to enhartbe
alkynophilicity as well as back-donating ability telease the
catalyst in the catalytic cycle in a facile manrigased on the
extensive literature about 1,6-enyne cycloisomédna
reactions and our experience in this chemisty°® we
focused on four different gold catalysts representtwo
classes of ligands, i.8l-heterocyclic carbenes and phosphines
and with different electronic and steric proper{i@sD). The
gold(l) complexes wittA-D were also prepared by means of
known procedure¥>* While the cycloisomerization of enyne
7 via the cyclopropyl gold carbene intermedi8ter 9 would
remain competitive reaction in intermolecular nogleilic
addition of carbonyl function, the cycloisomerizattiwas first
analyzed separately in the absence of any nuclkopith the
four catalystA-D (Table 1).

Among the set of chosen catalyst<D, gold complexB is
the most electrophilic, and hence also the mostikea These
characteristics often lead to lower selectivity. aDgt A is
less electrophilic tharB, but more than carbene gold(l)
complexesC or D. CatalystsC andD being less electrophilic
might take longer to complete the reactions, howemay
offer better chemo- and stereoselectivities. Diffiere
electronic and steric properties of these catalystaild
nevertheless provide a better understanding ofréaetion
mechanism.



Table 1.Gold catalyzed cycloisomerization reaction of
enynes/.
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a: isolated vyields;b: mixture of inseparable products
formed; c:isolated as a mixture with another product that
could not be separated. NR = no reaction observed.
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Differently substituted indole enynega-f were treated
with gold complexeA-D (Table 1). In all cases, when the

3
reaction did occur, the tricyclic indoledd) which are
products from thexodig pathway were formed (Scheme 1c).
The vyields for the cycloisomerization of enyia to afford
the tricyclic indole10a were high using catalyshA or C,
whereas in other cas&fawas formed along with inseparable
impurities (entries 1-4, Table 1). In case of meubstituted
olefins, methyl substitution idb led to a mixture of different
products including the cyclization produdtOb. Phenyl
substitution in7c was well tolerated and produ&Dc was
isolated in excellent yield (entry 6). Enyiie with a cyclic
olefin did react to provide the cyclization prodd€ein high
yield; however, the product isolation was extremaffiadilt
(entry 7). In agreement with literatuteno reaction occurred
with enynes supporting substituted alkynes (Tablertries
8-9) even after 24 h at room temperature, clearfgesting to
use terminal acetylenes for further complexity gatieg
transformations using gold(l) catalysis with indedylynes.

The reaction mechanism for cycloisomerization -1,
enynes? catalyzed by gold(l) is summarized in Scheme 2.
The reaction begins with aexodig cyclization of the olefin
to the acetylene to form ttanti-cyclopropyl gold carbene&a
and8b which evolve to provide single cleavage dienesrdg o
the alkene is cleaved in the process (Scheme 2a)asdume
that a substitution on alkyne YRmight sterically disfavor the
formation of cyclopropane gold carbeBaas observed in the
case of7e-f (Table 1).
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Scheme 2 a) Proposed reaction mechanism for cyclo-
isomerization of enynel to scaffold 10. b) Predicted
formation of tetracyclic indolesl5 in a formal [2+2+2]
cycloaddition reaction.

With the information that enynesunder gold(l) catalytic
reaction conditions follow aexcdig cyclization, we assumed
that aldehydes a®-nucleophiles would likewise add to the
intermediate 8 and further rearrangement would deliver
complex indole scaffolds. Plausibly, attack of ¢&tehyde on
the cyclopropane ring would form an oxonium cationic
intermediatel 3 that cyclizes to form a tetracyclic intermediate
14 in a stereoselective manngcheme 2bY® The gold(l)
catalyst leaves the catalytic cycle of this fornja#2+2]
cycloaddition reaction to finally yield the complestracyclic
indole 15 (Scheme 2b).

Gold complex A was identified as suitable catalyst
delivering the intermediate cyclopropyl gold inteumte to
which an aldehyde could attack and lead to a fof@rwe2+2]
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cycloaddition reaction adductl5. However, the less
electrophilic catalysC also had been reported to effectively
catalyze such intermolecular reactiGn®’ Therefore, reaction
conditions to afford cycloadducts5 were optimized with
both gold complexC as well asA (Table 2). At room
temperature, cataly§ led to only 21% of the desired product
15aand the tricyclic indold0awas the major product (entry
1, Table 2). We envisaged that decreasing the iogact
temperature might slow down the intramolecular cgtion
and thereby favor the intermolecular reaction ia inesence
of excess of aldehyde as nucleophile. Indeed, when t
reaction was conducted with catalySt at 0 °C using 5
equivalents of aldehyde, the desired prodifgtwas obtained
in 70% yield along witiO0aas minor product (entry 2). Using
3 equivalents of aldehyde reduced the yieldlfea (entry 3).
Also, further reducing the temperature was detrimentshe
yield of 15a (entries 4-5, Table 2) as the reaction was not
complete even after 48 h. The same reaction opiiiz was
performed with the catalys® (entries 6-11, Table 2).
Interestingly, with catalystA the reaction was still very
efficient even at low temperatures like -30 or -7@é@tries 7-
11) affording the cycloaddition produdi5a as the major
product and in very good yields. The best result azained
when catalysA was used at -70 °C, and with 3 equivalents of
the aldehydd 2a leading tol5ain 65% yield (Table 2, entry
10).

Table 2. A formal [2+2+2] cycloaddition reaction between
enynelaand aldehydé2a

CHO

DCM, Temp., Cat.

overnight
7a

Entry Cat. Temp. 12a Yield 15a

(mol%) (°C) (equiv.) (%)?
1. C (5) rt 5 21
2. C (5) 0 5 70
3. C (5) 0 3 62
4. C (5) -30 5 58
5. C (5) -70 5 50
6. A(5) 0 3 20
7. A(5) -30 3 63
8. A(3) -70 3 43
9. A (10) -70 3 40
10. A(5) -70 3 65
11. A(5) -70 5 62

a) Yield of isolated product. b) The reaction was not
complete even after 48 h.

The gold catalyzed intermolecular formal [2+2+2]
cycloaddition reaction was further extended to more
aldehydes to explore the scope of the reactiongi@eh3).
Reaction conditions optimized with both the cataystere

applied. Electron-rich aromatic aldehydes perforntetter
than electron-poor ones affording the desired adia-cin
moderate to very good yields (Scheme 3). With ebect
deficientp-nitrobenaldehyde only a lower yield of adda&d
could be recorded, primarily because of its tedious
purification from excess of aldehyde used in thactien.
Indole 2-carbaldehyde was also successfully emploged
representative heterocycle in the cycloadditionctiea to
give cycloadduct 15e in high vyield. Interestingly,
cyclohexanal as a representative alkyl aldehyde gdsvided
the desired tetracyclic indold5f, albeit in lower vyield
(Scheme 3). The main product in this case was thglesi
cleavage productlOa Although, some other heterocyclic
aldehydes like 2-furaldehyde did provide -correspogd
cycloaddition products (LC-MS), they could not ®lated
from impurities formed as well as excess of aldehysked in
the reactions. For the same purification problesulated
yields of several adducts are lower than for insgtamet case
of mesityl aldehyde in which case the product cdddeasily
isolated.

The origin of the complete diastereoselectivity idya-f
stems from the stereospecific formation asfti-cylopropane
gold carbene comple8a to which oxo-nucleophilel@) adds
in a Markovnikov manner leading to a carbocationic
intermediate13 which undergoes Prins type stereospecific
cylization to afford the addud5 as single diastereoisomer
(Scheme 2b%®

©j\>{ R?CHO N\ R?
N 12 z
\\>\
7

Reaction conditions, a or b H

15f (17%2; 20%°)¢
15e (61%) (17%%; 20%°)

Reaction conditions a: Enyne 7 (1 equiv.), aldehyde (3 equiv.),
gold(l)-catalyst A (5 mol%), -70 °C; b: Enyne 1 (1 equiv.), aldehyde
(5 equiv.), gold(l)-catalyst C (5 mol%), 0 °C. c: yield was lower due
to isolation problem. d: major product was 10a.

Scheme 3Scope of the gold(l) catalyzed [2+2+2] cyclo-
addition reaction between enyiand various aldehydes
12

The successful application of enyne cycloisoméonain
trapping aldehydes as nucleophiles raised our sityito test
other nucleophiles in both inter- and intramolecdkshion.
To this end, the indole enynéa was treated under the
optimized reaction conditions with methanol as satvaend
external nucleophile and led to formation of trigydndole



16. CatalystC provided better yield fod6 than catalystA
(Scheme 4a). It seems that addition of methanol to
cyclopropane gold carbene intermediate opens upritige
followed by proto-deauration to yield the compoudé
(Scheme 4a).

Cat. AuL (5 mol%) N\

Cy—=

N o,
MeOH, rt, 4 h N % oMe N
\ H H " oMe

8a
7a
Cy—=
N

cat. A; yield 42%
cat. C, yield 64%

Cat. AuL (5 mol%)

DCM, rt, 36 h B
\ H B
| 18 1
e cat. A (3h)yield 47%

cat. C (6h); yield 95%

Scheme 4Inter- and intramolecular nucleophilic additions
to cyclopropyl gold carbene intermediate of indelgmes.

Methanol is a simple and relatively hard nucleoptak
compared to aldehydes and therefore had only ldhsope
to modulate the intermediateBa into further novel
frameworks. To access further molecular complexigygold
mediated cycloisomerization and by trapping the dgol
cyclopropane carbene intermediate, an extendec-gieal?
was employed. Our curiosity was to observe a noveleva
addition of extended olefin that might happen eithe
cyclopropaned in 18) causing a ring-expansion or to the gold
carbene centeb(in 18) leading to further complex and novel
molecular scaffolds. Under the catalysisfobr C, in DCM
and at room temperature, the dienyd€ was cleanly
transformed into a pentacyclic indole scaffold edyog two
cyclopropane rings19, Scheme 4b). Clearly, the reaction
happensvia addition of terminal olefin to gold carbene that
further eliminates the gold catalyst forming anothe
cyclopropane ring. Thus, while addition of a relaljyhard
O-nucleophile attacked the cyclopropane ring, thefiol
preferred the gold-carbene center indicating a erath
carbocationic nature of the intermedidi® (and 8). Further
experiments might be required to shed more lighttlom
nature of gold carbene compl&x

3. Conclusions

In conclusion, we have disclosed gold(l) mediatelain
and intermolecular transformations of indole bak@denynes
to build complex and novel indole scaffolds. A foima
[2+2+2] cycloaddition reactions of indole based-&rfynes 7
with various aldehydes was employed as a key reaction
leading to tetracyclic indoles supporting a dihygm@n ring.
Successful formation of natural product-like teydic
indoles15 was achieved by employing catalytic phosphine or
NHC-gold complexes A and C. In addition,
cycloisomerization of enynes afforded the tricyclic indoles
10 that support a diene system amenable to further
cycloaddition reactions to deliver further complardoles.
These gold(l) mediated divergent synthesis may find
applications in designing privileged structure lshseaffold
synthesis.

4. Experimental Section

4.1.General

5

Unless otherwise noted, chemicals were obtained from
Aldrich, Acros, or Alfa Aesar and were used without farth
purification. Reactions were carried out in standglesssware
using anhydrous solvent$d and**C NMR spectroscopic data
were recorded on a Varian Mercury VX 400 or Varian 500-
inova 500 spectrometer at RT unless stated othenhibHR
spectra were calibrated to the solvent signals of IGDC
(CD3),CO, or CRCN. Enantiomeric resolution was per-
formed using a Dionex UltiMate 2000 HPLC with a 10mm
Daicel IC column. HRMS-(FAB) MS were taken on Finnigan
MAT MS 70. HRMS-ESI were measured on an Accela
HPLC-System (HPLC column 50/1 Hypersil GOLD1ufn)
with an LTQ Orbitrap mass spectrometer from Thermo
Scientific. (ESI)-MS were measured by using an AditetD0
series binary pump to ether with a reversed-phaseCHPL
column (Macherey-Nagel). TLC was performed on Merck
silica gel 60 F254 aluminum sheet. For flash chitogr@phy
silica gel from Baker (40-7um) was used. MPLC was
performed using an Isco sql6 with prepacked cadgsd@0
um, spherical silica gel) from Interchim were usecelting
points were recorded on Bichi Melting points B-540
apparatus and are uncorrected.

4.1.1.General procedure for the synthesis of 1,6-
enynes

To a freshly prepared solution of indole-2-carbhidie (5
mmol) in anhydrous DMF (35 mL) was added under argon
CsCO; (15 mmol) and the corresponding allyl bromide (2
mmol). The mixture was stirred overnight at 65 °GeT
reaction mixture was diluted with EtOAc (35 mL) and wesh
with water (5 x 50 mL). The combined organic layergeve
dried (MgSQ), and the solvent removed under reduced
pressure. Purification by flash chromatography r(detim
ether, 100%) afforded the desired products as Bilen, CBj
(11 mmol) was dissolved in dichloromethane (50 mhj a
cooled to 0 °C. PRh(22 mmol) was added and the color of
the reaction turned orange. After stirring the migtdor 10
minutes at 0 °C, the correspondihgsubstituted indole 2-
carbaldehyde (5 mmol) was added dropwise at 0 °C.r Afte
stirring for another 1.5 h, the reaction mixtureswdiluted
with pentane (50 mL), filtered through a Celite plgd the
solvent removed under reduced pressure to yield the
corresponding 2-(2,2-dibromoviny-substituted-indole
(100% vyield) that was directly used in the next stepnmol
of this indole was dissolved in anhydrous THF (50) mhder
argon atmosphere and cooled to -78 fBuLi in hexane (10
mmol) was added dropwise. The color of the reactisned
from yellow to orange. After stirring at -78°C fort2 the
reaction mixture was gradually warmed to room tentpesa
(5 h). The reaction was quenched by adding satueatadous
solution of NHCI (5 mL) at 0 °C, extracted with £ (3 x 50
mL), the combined organic layers dried (Mgy@nd the
solvent removed under reduced pressure. Purifitdtjoflash
chromatography (100:1, petroleum ether/ethyl aegtat
afforded the 1,6-enynes.

4.1.1.1.2-Ethynyl-1-(3-methylbut-2-en-1-yl)-1H-
indole (7a)

'H NMR (400 MHz, acetonals) & 7.56 (dd,J =
8.0, 0.9 Hz, 1H), 7.37 (ddd] = 8.3, 1.7, 0.8 Hz,
1H), 7.22 (ddd,J = 8.3, 7.0, 1.1 Hz, 1H), 7.07
(tt, J = 10.4, 2.2 Hz, 1H), 6.80 (dJ = 0.6 Hz,
1H), 5.26 (ddd,J = 6.6, 4.1, 1.4 Hz, 1H), 4.91
(d, J = 6.7 Hz, 2H), 4.16 (s, 1H), 1.92 — 1.88 (m,
3H), 1.73 — 1.66 (m, 3H)}*C NMR (101 MHz,
acetone-¢) & 134.9, 130.1, 127.7, 126.2, 123.3,
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123.1, 119.1, 118.2, 115.8, 113.3, 110.3, 109.8,
26.1, 19.3. HRMS-ESI calcd. for GsHigN
[M+H]": 210.1283. Found: 210.13029.

4.1.1.2. 1-Cinnamyl-2-ethynyl-1H-indole7()

'H NMR (400 MHz, acetonek): 5 7.59 (dd,J = 8.0, 0.8
Hz, 1H), 7.49 (ddJ = 8.4, 0.9 Hz, 1H), 7.38 (dd,= 8.2, 1.2
Hz, 2H), 7.29 (tJ = 7.5 Hz, 2H), 7.26 — 7.19 (m, 2H), 7.09
(ddd,J = 8.0, 7.0, 1.0 Hz, 1H), 6.87 (d= 0.7 Hz, 1H), 6.54
— 6.39 (m, 2H), 5.09 (dd} = 17.2, 5.0 Hz, 2H), 4.18 (s, 1H);
¥C NMR (101 MHz, acetonek): 5 136.8, 136.7, 132.1,
128.7, 127.9, 127.4, 126.6, 125.1, 123.5, 121.02,5,2110.5,
108.5, 85.1, 75.3, 46.1HRMS-ESI calcd. for GgHigN
[M+H]": 258.1277. Found: 258.1284.

4.2.General procedure for cyclization of 1,6-enynes to
tricyclic indoles10

To a round bottom flask and under argon atmosphvare
added 1,6-enyn@ (1 mmol), in DCM (1 mL) followed by
addition of the catalyst A (5 mol%). The reactioixture was
stirred at room temperature till completion (tlable 1). The
solvent was removed and the product was purifiedldaghf
chromatography with pentane as eluent.

4.2.1.1-(2-Methylprop-1-en-1-yl)-3H-pyrrolo-
[1,2-a]indole (10a)

'H NMR (400 MHz, acetonek): & 7.47 (d,J = 7.50 Hz,
1H), 7. 44 (dJ = 7.49 Hz, 1H), 7.32 (1 = 7.6 Hz, 1H), 7.25
(d,J=2.9 Hz, 1H), 7.11 (dtJ = 8.6, 4.3 Hz, 1H), 6.40 (d,=
2.9 Hz, 1H), 6.10 (s, 1H), 3.81 (s, 1H), 1.88 (s, 3H3/1(s,
3H); ®C NMR (101 MHz, acetone): & 134.9, 130.1, 127.7,
126.2, 123.3, 123.1, 119.1, 118.2, 115.8, 113.8,311109.8,
26.1, 19.3; HRMS-ESI calcd. for GsHigN [M+H]™
210.1283. Found: 210.1299.

4.3.General procedure for the formal [2+2+2+] cyclo-
addition between indole enyia and aldehydes

Method A: To a dried schlenk and under argon atmesph
was added the enyne (0.36 mmol, 1 eqv.) and of the
corresponding aldehyde (3 eqv.) in DCM (2.0 mL). The
mixture was then cooled to -70 °C (15 min.) andlgata (5
mol%) was added. The mixture was stirred overnighd an
warmed gradually to room temperature. The violeoil
crude reaction mixture was directly concentrated rmdiuct
was purified by column chromatography using pentase
eluent.

Method B: To a dried schlenk and under argon atimexsp
was added the enyne (0.36 mmol, 1 eqv.) and the
corresponding aldehyde (5 eqv.) DCM (2.0 mL). Thatme
was then cooled to 0 °C (15 min.) and catalysc mol%)
was added. The mixture was stirred overnight and waérme
gradually to room temperature. The violet coloredide
reaction mixture was directly concentrated and pcoduas
purified by column chromatography using pentanelasnt.

4.3.1.3-Mesityl-1,1-dimethyl-1,3,11,11a-
tetrahydropyrano[4',3':3,4]pyrrolo[1,2-a]indole
(15a)

'"H NMR (400 MHz, acetones): & 7.53 (dd,J = 8.0, 0.9
Hz, 1H), 7.31 (dJ = 8.1 Hz, 1H), 7.11 (ddd} = 8.2, 7.1, 1.1
Hz, 1H), 7.01 (dddJ = 8.0, 7.1, 1.0 Hz, 1H), 6.84 (s, 2H),
6.46 (s, 1H), 6.10 (t) = 2.6 Hz, 1H), 5.80 (dd] = 3.9, 2.5
Hz, 1H), 4.53 (ddJ = 9.6, 9.0 Hz, 1H), 3.79 (dd,= 9.8, 8.8
Hz, 1H), 3.69 (ddd) = 11.8, 7.8, 3.5 Hz, 1H), 2.40 (s, 7H),

2.24 (s, 3H), 1.43 (s, J = 5.8 Hz, 4H), 1.38 (s, 4?0; NMR
(101 MHz, acetonek) 8141.6, 137.4, 136.9, 133.8, 133.5,
133.3, 129.9, 129.6, 121.4, 121.2, 121.1, 119.9,211109.9,
91.4, 73.9, 69.7, 50.9, 45.0, 20.2, 19.8, 1HRMS-ESI
calcd. for GsH,gNO [M+H]+: 358.2165. Found: 358.2168.

4.3.2.3-(4-Methoxyphenyl)-1,1-dimethyl-
1,3,11,11a-tetrahydropyrano[4',3":3,4]pyrrolo-
[1,2-a]indole(15b)

'H NMR (400 MHz, acetonek): & 7.53 (d,J = 8.0 Hz,
1H), 7.37 (dJ = 8.5 Hz, 2H), 7.31 (d] = 8.2 Hz, 1H), 7.11 (t,
J=7.5Hz, 1H), 7.01 ( = 7.5 Hz, 1H), 6.93 (d] = 8.4 Hz,
2H), 6.47 (s, 1H), 6.16 (s, 1H), 5.31 (s, 1H), 4510 9.4
Hz, 1H), 3.80 (s, 3H), 3.76 (d,= 9.8 Hz, 1H), 3.68 (1 = 8.4
Hz, 1H), 1.44 (s, 3H), 1.34 (s, 3H)*C NMR (101 MHz,
acetoneds): 5 159.7, 154.4, 134.1, 133.4, 129.0, 125.7, 121.6,
121.4, 120.9, 119.9, 114.9, 114.0, 110.1, 91.89,733.5,
70.7, 55.0, 51.6, 45.1, 18 ARMS-ESI calcd. for GH,.NO,
[M+H]": 346.1802. Found: 346.1805.

4.3.3.3-(4-(Benzyloxy)phenyl)-1,1-dimethyl-
1,3,11,11a-tetrahydropyrano[4',3":3,4]pyrrolo-
[1,2-a]indole(15d)

'H NMR (400 MHz, acetonek): & 7.53 (d,J = 7.9 Hz,
1H), 7.48 (dJ= 7.5 Hz, 2H), 7.43 — 7.35 (m, 4H), 7.32J&
7.9 Hz, 2H), 7.11 (t) = 7.5 Hz, 1H), 7.03 - 6.99 (m, 3H), 6.47
(s, 1H), 6.16 (tJ = 3.0 Hz, 1H), 5.31 (1] = 3.0 Hz, 1H), 5.15
(s, 2H), 4.51 (tJ = 9.3 Hz, 1H), 3.78 (1] = 8.8 Hz, 1H), 3.67
(ddd,J = 11.7, 8.6, 3.1 Hz, 1H), 1.44 (s, 3H), 1.34 (s, 3fQ;
NMR (101 MHz, acetonep 159.4, 142.2, 138.5, 135.0,
134.5, 134.0, 130.0, 129.5, 129.3, 128.6, 128.8,312122.1,
121.9, 121.3, 120.4, 115.6, 110.6, 92.3, 74.5,,780®, 52.1,
45.6, 19.2; HRMS-ESI calcd. for GgHpgNO, [M+H]™:
422.2115. Found: 422.2114.

4.4. Addition of methonol as nucleophile to Indole-en{he

To a dried schlenk and under argon atmosphere wiedlad
the enyne (0.36 mmol, 1 eqv.) in methanol (1.5 @mt_joom
temperature, followed by addition of catalyat or C (5
mol%). The mixture was stirred for 4h when the reactivas
complete (tlc). The crude reaction mixture was diyec
concentrated and product was purified by column
chromatography using pentane as eluent.

4.4.1.2-(2-Methoxypropan-2-yl)-1-methylene-
2,3-dihydro-1H-pyrrolo[1,2-a]indole 16)

'H NMR (400 MHz, acetonek): 8 7.51 (d,J = 7.9 Hz,
1H), 7.33 (dJ = 8.2 Hz, 1H), 7.08 (ddd, = 8.2, 2.2, 1.0 Hz,
1H), 7.00 (tt,J = 7.1, 1.0 Hz, 1H), 6.46 (s, 1H), 5.69 (s, 1H),
5.30 (s, 1H), 4.25 (ddd), = 10.9, 3.3, 1.1 Hz, 1H), 4.16 (ddd,
J=09.6,7.9, 1.1 Hz, 1H), 3.69 (d= 7.9 Hz, 1H), 3.25 (br s,
3H), 1.28 (s, 3H), 0.97 (s, 3H)1,3'C NMR (101 MHz,
acetonedg) & 140.2, 133.5, 133.3, 121.2, 121.1, 119.7, 114.9,
109.9, 108.4, 90.6, 76.7, 54.0, 48.6, 44.8, 21080;HRMS-
ESI calcd. for GgH,NO [M+H]™: 242.1542. Found:
242.1539.

4.5. Synthesis of hexacyclic indof

To the enynel7 (0.09 mmol) in a dried schlenk under
argon atmosphere was added catalysbr C (5 mol%) in
DCM (1 mL) and orange colored reaction mixture wasest
for 3-6 h. After completion of the reaction (ticthe
concentrated mixture was purified by column chromgetphy
to obtain the product9. Notably, we observed that freshly
purified starting materiall7 performed better and any
impurity with enyne could drastically reduce thelgief the
product.



4.5.1.1,1,3a-Trimethyl-1,1a,2,3,3a,3b,4,10c-
octahydrocyclopropa[5",6"]benzo[1",2":1",3"]cy
clopropa[l',2':3,4]pyrrolo[1,2-a]indole (9)

'H NMR (400 MHz, acetonek): & 7.43 (d,J = 7.6 Hz,
1H), 7.15 (dJ = 7.9 Hz, 1H), 7.00 () = 7.5 Hz, 1H), 6.93 (t,
J=7.4 Hz, 1H), 6.16 (s, 1H), 4.24 (dbiz 11.2, 6.1 Hz, 1H),
3.96 (d,J = 11.0 Hz, 1H), 1.91 — 1.74 (m, 2H), 1.81 (s, 1H,
overlaped), 1.37 — 1.27 (m, 2H), 1.26 (s, 3H), 14,73H),
1.04 (d,J = 8.8 Hz, 1H), 0.85 (dd] = 13.3, 8.3 Hz, 1H), 0.64
(s, 3H); ®*C NMR (101 MHz, acetoney): 5147.4, 145.7,
133.2, 132.7, 120.1, 120.0, 118.9, 108.4, 93.91,430.0,
33.2, 30.5, 28.1, 23.1, 22.3, 18.2, 16.4, 1HRMS-ESI
calcd. for GgH,N [M+H]™: 278.1902. Found: 278.1910.
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