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This paper describes an efficient [4+3] cycloaddition reaction of 3-indolylmethanols with cyclopentadiene in
hexafluoroisopropanol, featuring catalyst-free, low cost, wide substrate scope and mild reaction condition. This

methodology provides the first additive-free [4+3] cycloaddition reactions of indolyl alcohols, offering green and efficient

methods for synthesis of cyclohepta[b]indole derivatives.

Introduction

Indole nucleus, known as a “privileged pharmacophore”, is
ubiquitous in a vast number of natural alkaloids, pharmaceuticals,
agrochemicals as well as materials.’ Among the family of indole
derivatives, cyclohepta[blindoles have distinguished themselves as
core structural motifs in many natural products such as silicine (A)2
and ervitsine (B).3 Moreover, a variety of pharmacologically
important agents contain this skeleton, such as A-FABP inhibitor
(C),4 antitubercular agent (D)5 and SIRT1 inhibitor (E).6
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In light of the biological importance of cyclohepta[blindole
derivatives and their application as potential therapeutics, the
synthesis of these compounds have attracted great interest from
the synthetic community and pharmaceutical industry. Notebly,
much effort has been devoted to develop efficient synthetic
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methods for construction of the indole-fused seven-membered
rings.7 Recent progress has witnessed the [4+3] cycloaddition
reactions as efficient protocols to build such seven-membered
rings.8 Quite recently, Tang reported a novel indole
annulation/[4+3] cycloaddition sequence for the synthesis of
various substituted cyclohepta[b]indoles via reaction of vinyl metal
carbene with diene.’ Inspired by TiCl,-promoted  [4+43]
cycloadditions of 2-furfuryl alcohols with dienes,10 Wu and co-
workers developed the gallium(lll) salts-catalyzed three-component
[4+3]  cycloadditions, furnishing a  diverse library of
cyclohepta[blindole analogues in high yields.11 Subsequently, a
Ag(l)-catalyzed tandem hydroamination/[4+3] cycloaddition,lza
boronic acid-catalyzed [4+3] cycloaddition of allylic alcohols with
dienes'® as well as ZnCl,-promoted reaction of heterocyclic
alcohols with conjugated dienes™ were also developed to
synthesize these significant frameworks. However, all these
methods suffered from the employment of harsh reaction
conditions, toxic acid catalysts, especially the transition metal
catalysts, which are environmentally detrimental and troublesome
in the final product purification, especially in pharmaceutical
industries. Notably, the employment of metallic catalysts is
indispensable in most cases, hence, it’s highly desirable to develop
mild condition, metal-free or even catalyst-free strategies for
construction of cyclohepta[blindole derivatives.

Fluorinated alcohols have distinguished themselves as magic
solvents in organic synthesis with unique properties such as high H-
bonding donor ability, high ionizing power and low nucleophilicity.
These properties enable them to easily generate cationic
intermediates with alcohols, thereby promoting reactions in the
absence of acidic catalysts.B'14 In addition to Friedel-Crafts
alkylation, benzylation and acylation reaction,™™ fluorinated
alcohols also played significant roles in [3+2]15 and [4+3]16
cycloadditions of the aza-oxyallyl or diaza-oxyallyl cations with 1,3-
disubstituted indoles and dienes. However, in these cycloaddition
reactions, additional reagents or catalysts were still needed in
addition to fluorinated alcohols. In the course of our research on
fluorinated alcohol-mediated reactions, we developed an efficient
trifluoroethanol  (TFE)-mediated Syl-type reaction of 3-
indolylmethanols at room temperature, providing a green and
efficient method for synthesis of diverse 3-indolyl substituted
derivatives.””*® We have also reported an asymmetric
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intermolecular a-alkylation of aldehydes in TFE.”® These works

demonstrated that alkylideneindoleninium ions could be generated
in situ from 3-indolylmethanols in fluorinated alcohols, which was
dramatically different from the previous protocols under acidic
conditions.”® We surmised that the additive-free [4+3] cycloaddition
of 3-indolylmethanols with dienes might be feasible with
fluorinated alcohols as solvents. As our continuous work on
fluorinated alcohol-mediated reactions,17 herein we report the first
catalyst-free [4+3] cycloaddition of 3-indolylmethanols with
cyclopentadiene using hexafluoroisopropanol (HFIP) as a solvent at
room temperature. The products could be easily obtained through
straightforward evaporation of the solvent (bp 58 C) and simple
purifications. This strategy features catalyst-free, mild reaction
condition, low cost, wide substrate scope and convenient workup.

Results and discussion

Initially, cyclopentadiene 2a and 3-indolylmethanol 1a were
selected as the model substrates to test our hypothesis.
Gratifyingly, this reaction proceeded smoothly to afford the desired
cycloaddition product 3a in 81% vyield and moderate
diastereoselectivity (79:21) in HFIP after two hours at room
temperature (Table 1, entry 1). The relative configuration of the
major diastereomer of product 3a was unambiguously determined
by NOESY (see Supporting Information). The less acidic
trifluoroethanol (TFE) could also promote this reaction, albeit with
lower vyield (Table 1, entry 2). Subsequently, various protonic
solvents and aprotic solvents were examined, whereas no
transformation was observed (Table 1, entries 3-8). Considering
that hot water could act as “ungiue acid” to promote the reactions
with alcohols,mg‘17 water was also evaluated as a solvent at 80 °C,
however, only trace of product was detected (Table 1, entry 9).
Interestingly, addition of catalytic acetic acid (20 mol%) to the
water solution could furnish 3a in moderate yield (Table 1, entry
10). However, the aqueous solution of HFIP (20 mol%) does not
promote this reaction and the reactants remained intact (Table 1,
entry 11), which might attribute to the disorderd hydrogen
bonding.

Table 1. Optimization of reaction conditions®

HO
Ph
solvent
{7 o3V
: " ~
1a 2a 3a NOE
major
Entry Solvent Catalyst Time (h) Yield Dr¢
(%)’

1 HFIP - 2 81 79:21
2 TFE - 2 53 70:30
3 IPA - 24 N.R. -
4 EtOH - 24 N.R. -
5 DCM - 24 N.R. -
6 DCE - 24 N.R. -
7 DMSO - 24 N.R. -
8 DMF - 24 N.R. -
9? H,0 - 24 trace -
10 H,0 20% HOAc 24 62 81:19
11¢ H,O 20% HFIP 24 N.R. -
12¢ AcOH - 2 37 82:18

9 Reaction conditions: 0.1 mmol of 1a, 0.5 mmol of 2a, 2 mL of solvent, at room
temperature. ? Isolated yield after column chromatography. € Dr was determined
by *H NMR after purification. ¢ Reaction was performed at 80 °C. ¢ Reaction was
performed at 100 °C.
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Lastly, this reaction could proceed in acetic acid alone, albeit with
lower yield (Table 1, entry 12). Hence, HFIP was shown to be the
optimal solvent in terms of yield and reaction efficiency.

With the optimized reaction condition in hand, a variety of
electronically and sterically diverse 3-indolylmethanols were
subjected to this reaction to investigate the generality of this
protocol (Scheme 1). At the outset, the generality for the aryl
substituent of (1H-indol-3-yl)(aryl)methanols 1 was evaluated
(Scheme 1, 3a-3r). Both the electron-withdrawing groups (3b-3m)
and electron-donating groups (3n-3p) on the phenyl ring were all
well tolerated, providing the corresponding products in good to
excellent vyields. All the (1H-indol-3-yl)(aryl)methanols bearing
ortho, para and meta-substituted phenyl groups and even 2,4-
disubstituted phenyl group were ideal reaction partners with
different reactivity. In term of the nitro substituted substrates, the
highest yield could be achieved with nitro group substituted at
meta position (3b), whereas the substrates substituted at ortho and
para positions only gave the lower yield (3¢, 3d), which might be
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Scheme 1. Substrate scope of [4+3] cycloaddition reaction of 3-
indolylmethanols with dienes. Reaction conditions: 0.1 mmol of 1,
0.5 mmol of 2 in 2 mL of HFIP at room temperature.

This journal is © The Royal Society of Chemistry 20xx
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ascribed to the strong destabilization of the cationic intermediate
by nitro group. As to other substituents, e.g. fluoro, chloro, methyl,
etc., however, the impacts of the types and positions on the yields
were perplexing. In addition to phenyl groups, other heteroaryl
substituents such as thienyl group as well as 2-naphthyl group,
were also well tolerated, furnishing 3q and 3r in 79% and 45%
yields, respectively. Moreover, the alkyl substituted 3-
indolylmethanol was also ideal precursor for this transformation,
giving rise to 3s in 97% yield.

The impact of the substituents on indole ring on the yields was
investigated subsequently. The substrates with electron-donating
groups (3t-3u) on the indole moieties furnished the desired
products in good yields, while in sharp contrast, product 3v was
only obtained in 32% yield with chloro substituent. Protection of N-
H with methyl group resulted in lower yield (3w) compared with
unprotected 3-indolylmethanol (3x), which might be ascribed to the
increased steric hindrance by introduction of methyl group. In
addition to cyclopentadiene, other conjugate linear dienes were
also subjected to this reaction, however, only trace of products
were observed (3x-3z). Finally, the substrate with a pyrrole moiety
instead of an indole was examined, however, the reaction did not
proceed at all.

Afterwards, mono- and di-substituted furans and Indole-
derived diene were employed as substrates to examine the
feasibility of this reaction (Scheme 2). When 2-methylfuran was
subjected to this reaction, only Friedel-Crafts product 4 was
isolated (Scheme 2, eq 3), and no reaction was observed for 2,5-
dimethylfuran, even increasing the reaction temperature (Scheme
2, eq 4). Reaction of 1la with Indole-derived diene produced
complex mixture at room temprature (Scheme 2, eq 5).

4
T
o
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Y
> 3)
HFIP, rt N
H
_ o 4, 22%
HO \
O | O
N (4)
N HFIP, rt-1200Cc R
N
H
1a HFIP, rt complex )
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Q}A
N
H

Scheme 2. Substituted furan and Indole-derived diene were used as
substrates

Next, isatin-derived 3-indolylmethanol 5 was also tested for
this reaction. Surprisingly, subjection of isatin-derived 3-
indolylmethanol 5 to the reaction resulted in retro-addition product
to afford benzyl protected-isatin 6 instead of the desired cyclization
product (Scheme 3, eq 6). Similarly, reaction of 2-methylfuran with
5 produced 6 and Friedel-Crafts product 7 in 41% and 34% yields,
respectively. When 2,5-dimethylfuran was employed as substrate,
in addition to retro-addition product 6 was isolated in 36% vyield,
product 8 could also be obtained in 37% yield.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 3. Isatin-derived 3-indolylmethanol were used as
substrates

On the basis of the above observations, a plausible mechanism
is outlined to account for the [4+3] cycloaddition reaction (Scheme
4). Dual H-bonds are formed between HFIP and 3-indolylmethanol 1
as shown in intermediate A.”° One is H-bonding interactions
between positively charged hydroxylic hydrogen in HFIP and the
negatively charged oxygen of the departing OH group, and the
other is between the negatively charged fluorine atom and the
positively charged hydrogen of the departing OH moiety. The dual
H-bonding interactions renders HFIP a complementary charge
template, leading to the decrease of the reaction barrier and
stabilization of the transition state.’® The electron density of the
oxygen of the departing OH moiety can be decreased via the dual H-
bonding interactions, resulting in the significantly weakened C-O
bond. Alkylideneindoleninium intermediate B can be generated via
C-O bond cleavage, which is stabilized by the hydrogen bonding
network of HFIP. As manifested by the previous work,’®*! the
following stepwise [4+3] cyclization might be initiated by the
nucleophilic addition of cyclopentadiene to the

alkylideneindoleninium intermediate B, producing intermediate C,
which is followed by the intramolecular Friedel-Crafts alkylation
reaction to furnish product 3.

Ph
HO Ph ‘
CF3),CHOH
ol @ e oV
N N
H
. H 2

3

HFIP J
R
F1
F oM 0 o
F
\, H0
=
N
H
A B

Scheme 4. Proposed mechanism of [4+3] cycloaddition reaction in
HFIP.

Conclusions

In summary, we have developed a novel and efficient
[4+3] cycloaddition reaction of 3-indolylmethanols with
cyclopentadiene in HFIP, which features catalyst-free, low cost,
wide substrate scope and mild reaction condition. This

J. Name., 2013, 00, 1-3 | 3
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methodology provides the first catalyst-free and additive-free
[4+3] cycloaddition reactions of indolyl alcohols, offering green
and efficient methods for synthesis of cyclohepta[blindole
derivatives.

Experimental

General Method for Preparation of Cyclohepta[b]indoles:

To a 25 mL pressure tube equipped with a magnetic stirrer bar
were added HFIP (2 mL), 3-indolylmethanol 1a (0.1 mmol) and
cyclopentadiene 2a (0.5 mmol). The mixture was then stirred at
room temperature. Reaction was monitored by TLC until 1a was
consumed up. The solvent was then removed in vacuo and the
residue was purified by column chromatography on silica gel to
afford the desired product 3a.

10-Phenyl-5, 6, 9, 10-tetrahydro-6, 9-methanocyclohepta-
[blindole (3a)

White solid; yield 81%; 79:21 dr.; "H NMR (500 MHz,
CDCl3) 6 7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4
Hz, 2H), 6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d,
J=7.8 Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J
=1.8 Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H),
3.46 (s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H),
2.44 (s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00
(d, J = 4.5 Hz, 1H); *C NMR (125 MHz, CDCl;) & 145.3, 141.5,
140.8, 140.7, 140.5, 140.0, 134.9, 132.4, 130.9, 128.6, 128.5,
128.4, 128.3, 128.0, 126.1, 126.1, 120.5, 120.3, 119.5, 119.3,
118.8, 118.6, 110.7, 110.62, 106.9, 105.6, 48.9, 47.7, 44.4,
43.4, 42.3, 39.0, 39.0, 37.6; HRMS (ESI) calcd for [M+H]"
272.1361, found 272.1368.

10-(3-Nitrophenyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclo-
hepta[blindole (3b).

Brown solid, yield 98%, 71:29 dr.; "H NMR (500 MHz, CDCls): 6
7.90 (s, 1H), 7.34 = 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 = 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl) & 189.9, 148.7, 148.5,
147.8, 144.0, 141.8, 141.1, 140.7, 135.1, 134.8, 134.7, 132.0,
130.5, 129.9, 129.4, 129.0, 128.7, 128.1, 127.7, 124.6, 123.5,
123.4, 121.6, 121.5, 121.0, 120.8, 119.9, 119.7, 118.2, 118.1,
111.1, 111.0, 105.5, 104.3, 48.8, 47.4, 44.5, 43.1, 42.2, 39.0,
38.9, 37.5; HRMS (ESI) caled for [M+H]" 317.1212, found
317.12109.

10-(2-Nitrophenyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclo-
hepta[blindole (3c).

Brown solid; yield 68%; 58:42 dr.; "H NMR (500 MHz, CDCl;) &
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCls) & 162.7, 150.1, 149.4,
141.4, 141.0, 141.0, 140.0, 139.7, 135.7, 135.1, 134.7, 133.0,
132.8, 132.2, 131.6, 130.6, 127.9, 127.5, 127.3, 127.2, 125.0,
124.3, 120.9, 120.8, 119.8, 119.7, 118.1, 118.1, 110.9, 106.3,
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104.8, 47.4, 45.4, 44.7, 39.2, 38.9, 38.1, 38.0, 37.7; HRMS (ESI)
caled for [M+H]" 317.1212, found 317.1218.

10-(4-Nitrophenyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclo-
hepta[blindole (3d).

Yellow solid; yield 83%; 70:30 dr.; "H NMR (500 MHz, CDCl5) &
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 = 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl) 6 153.1, 149.8, 146.8,
146.7, 141.6, 141.0, 140.7, 135.0, 134.7, 132.0, 130.0, 129.4,
129.2, 128.1, 127.7, 123.9, 123.6, 121.0, 120.9, 119.9, 119.8,
118.3, 118.1, 111.0, 105.6, 104.4, 48.8, 47.4, 44.5, 43.4, 42.5,
39.1, 39.0, 37.7; HRMS (ESI) calcd for [M+H]" 317.1212, found
317.1219.

10-(4-(Trifluoromethyl)phenyl)-5,6,9,10-tetrahydro-6,9-
methanocyclohepta[bjindole (3e).

Yellow solid; yield 89%; 76:24 dr.; 'H NMR (500 MHz, CDCl3) 6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 = 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); **C NMR (125 MHz, CDCl;) & 149.5, 145.8, 141.1,
141.0, 140.4, 135.0, 132.1, 130.4, 128.8, 128.7, 128.6, 128.5,
128.3, 128.3, 128.0, 127.9, 127.8, 125.6, 125.4, 125.4, 125.4,
125.3, 125.1, 125.0, 125.0, 125.0, 123.4, 120.8, 120.6, 119.7,
119.6, 118.5, 118.3, 110.9, 105.9, 104.7, 48.8, 47.5, 44.4, 43.2,
42.3, 39.0, 38.9, 37.6, 27.0; HRMS (ESI) caled for [M+H]"
340.1235, found 340.1227.

10-(2-(Trifluoromethyl)phenyl)-5,6,9,10-tetrahydro-6,9-
methanocyclohepta[b]indole (3f).

White solid; yield 93%; 78:22 dr.; 'H NMR(500 MHz, CDCls) &6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl;) & 144.1, 140.6, 140.5,
140.3, 140.3, 139.6, 134.9, 134.7, 132.6, 131.9, 131.3, 131.1,
130.7, 130.5, 128.4, 128.2, 128.0, 127.9, 127.7, 126.3, 126.2,
126.1, 126.1, 125.7, 125.7, 125.6, 125.6, 124.1, 121.9, 120.7,
120.5, 119.6, 119.5, 118.2, 110.8, 107.5, 105.8, 47.5, 46.1,
44.9, 38.9, 38.8, 38.1, 37.1; HRMS (ESI) calcd for [M+H]"
340.1235, found 340.1226.

10-(3-Fluorophenyl)-5,6,9,10-tetrahydro-6,9-methanocyclo-
hepta[blindole (3g).

Brown solid; yield 62%; 79:21 dr.; 'H NMR (500 MHz, CDCl3) 6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =

This journal is © The Royal Society of Chemistry 20xx
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4.5 Hz, 1H); **Cc NMR(125 MHz, CDCl5) 6 164.1,
161.9, 148.2, 148.2, 144.5, 144.4, 140.9, 140.8,
134.9, 134.6, 132.4, 132.2, 131.0, 130.6, 129.7, 129.7, 129.4,
129.3, 128.9, 128.4, 128.01, 124.1, 124.1, 124.0, 124.0, 120.6,
120.5, 119.6, 119.5, 118.6, 118.4, 115.4, 115.2, 115.2, 115.0,
113.1, 113.1, 113.0, 112.9, 110.8, 106.3, 105.1, 48.8, 47.5,
44.5,43.2, 42.2, 39.0, 38.9, 37.7; HRMS (ESI) calcd for [M+H]"
290.1267, found 290.1257.

163.9,
140.8, 140.2,

162.1,

10-(2-Fluorophenyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclo-
hepta[blindole (3h).

Brown solid; yield 60%; 77:23 dr.; "H NMR (500 MHz, CDCl;) &
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl;) 6 188.3, 162.1, 160.2,
141.4, 141.3, 140.6, 140.1, 134.9, 134.6, 132.3, 131.9, 131.8,
131.0, 130.9, 130.5, 130.5, 130.3, 130.2, 128.9, 128.3, 127.9,
127.7, 127.6, 127.5, 123.9, 123.9, 123.4, 123.4, 120.6, 120.4,
119.6, 119.4, 118.6, 118.4, 115.0, 114.9, 110.7, 105.5, 104.3,
46.7, 45.0, 44.1, 39.0, 38.8, 38.0, 35.3, 35.2; HRMS (ESI) calcd
for [M+H]" 290.1267, found 290.1258.

10-(4-Fluorophenyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclo-
hepta[blindole (3i).

Brown solid; yield 86%; 78:22 dr.; "H NMR(500 MHz, CDCls) &
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); **C NMR (125 MHz, CDCls) & 162.4, 160.5, 141.0,
140.9, 140.8, 140.8, 140.8, 140.1, 137.1, 137.1, 134.9, 134.6,
132.4, 132.3, 131.0, 130.7, 129.9, 129.8, 129.7, 129.7, 128.9,
128.4, 128.1, 120.6, 120.4, 119.6, 119.4, 118.6, 118.4, 115.2,
115.0, 114.8, 114.7, 110.8, 106.7, 105.4, 48.9, 47.7, 44.4, 42.6,
41.6, 38.9, 38.9, 37.5; HRMS (ESI) calcd for [M+H]* 290.1267,
found 290.1258.

10-(3-Bromophenyl)-5, 6, 9,
methanocyclo-hepta[blindole (3j).

Brown solid; yield 51%; 74:26 dr.; 'H NMR (500 MHz, CDCl3) &6
7.90 (s, 1H), 7.34—7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); 3¢ NMR (125 MHz, CDCl3) 6 148.0, 144.2, 141.1,
140.9, 140.9, 140.3, 135.0, 134.7, 132.3, 131.6, 131.4, 130.6,
130.1, 129.7, 129.4, 129.4, 128.4, 128.1, 127.3, 127.1, 122.7,
122.3, 120.8, 120.6, 119.8, 119.6, 118.65, 118.5, 110.8, 106.2,
104.9, 48.9, 47.6, 44.6, 43.2, 42.2, 39.1, 39.0, 37.7; HRSM (ESI)
caled for [M+H]" 350.0466, found 350.0475.

10-(4-Bromophenyl)-5, 6, 9, 10-tetrahydro-6, 9-
methanocyclo-hepta[blindole (3k).

10-tetrahydro-6, 9-

This journal is © The Royal Society of Chemistry 20xx

Brown solid; yield 68%; 76:23 dr.; 'H NMR (500 MHz, CDCl3) 6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (m, J = 13.3 Hz, 1H), 2.00 (d, J
= 4.5 Hz, 1H); *C NMR (125 MHz, CDCl5) 6 144.5, 141.0, 140.9,
140.9, 140.6, 140.3, 135.0, 134.7, 132.3, 131.5, 131.2, 130.60,
130.4, 130.2, 128.4, 128.1, 120.8, 120.6, 119.9, 119.9, 119.7,
119.6, 118.7, 118.5, 110.8, 110.8, 106.3, 105.1, 48.9, 47.6,
44.5,42.9, 41.9, 39.1, 38.9, 37.6; HRMS (ESI) calcd for [M+H]"
350.0466, found 350.0475.

10-(2, 4-Dichlorophenyl)-5, 6, 9, 10-tetrahydro-6, 9-methano-
cyclohepta[blindole (3I).

Yellow solid; yield 58%; 77:23 dr.; 'H NMR (500 MHz, CDCl3) 6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); **C NMR(125 MHz, CDCls) & 141.3, 140.6, 140.0,
134.9, 134.4, 132.4, 132.2, 131.4, 129.4, 127.9, 127.0, 120.8,
119.7, 118.2, 110.8, 104.5, 45.7, 39.1, 38.8, 37.8, 31.6, 22.7,
14.1; HRMS (ESI) caled for [M+H]" 340.0582, found 340.0576.

10-(4-Chlorophenyl)-5, 6, 9,
methanocyclo-hepta[blindole (3m).

Yellow solid; yield 98%, 77:23 dr.; "H NMR (500 MHz, CDCls) 6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl5) 6 191.0, 143.9, 141.0,
140.9, 140.9, 140.3, 140.11, 135.0, 134.7, 132.3, 131.8, 131.1,
131.0, 130.6, 129.9, 129.8, 129.6, 128.6, 128.4, 128.3, 128.1,
120.7, 120.6, 119.7, 119.6, 118.7, 118.5, 110.9, 110.8, 106.4,
105.2, 48.9, 47.7, 44.5, 42.9, 41.8, 39.0, 38.9, 37.6; HRMS (ESI)
calcd for [M+H]"306.0971, found 306.0963.

10-tetrahydro-6, 9-

10-(M-tolyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclohepta-
[blindole (3n).

Brown solid; yield 73%; 80:20 dr.; 'H NMR (500 MHz, CDCl3) 6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl;) & 144.3, 140.4, 139.6,
139.5, 139.4, 138.8, 136.7, 136.3, 133.9, 133.5, 131.4, 131.3,
129.9, 129.9, 128.1, 128.0, 127.8, 127.6, 127.3, 127.1, 126.7,
125.8, 125.8, 124.5, 124.4, 119.4, 119.2, 118.4, 118.2, 117.8,
117.6, 109.5, 105.9, 104.6, 47.9, 46.7, 43.4, 42.4, 41.2, 37.9,
37.9, 36.6, 20.5, 18.2; HRMS (ESI) calcd for [M+H]" 286.1517,
found 286.1525.

10-(P-tolyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclohepta-
[blindole (30).

J. Name., 2013, 00, 1-3 | 5
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Brown solid; yield 70%; 82:18 dr.; 'H NMR (500 MHz, CDCl3) &6
7.90 (s, 1H), 7.34—7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J= 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 = 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl) & 141.3, 139.7, 139.6,
139.4, 138.8, 137.3, 134.4, 133.9, 133.5, 131.4, 129.9, 128.0,
127.6, 127.6, 127.3, 127.2, 119.4, 119.2, 118.4, 118.2, 117.8,
117.5, 109.6, 106.0, 104.7, 48.0, 46.7, 43.4, 42.0, 40.8, 38.0,
37.9, 36.6, 20.0; HR MS (ESI) calcd for [M+H]" 286.1517, found
286.1525.

10-(O-tolyl)-5, 6, 9, 10-tetrahydro-6, 9-methanocyclohepta-
[blindole (3p).

Brown solid; yield 98%; 80:20 dr.; 'H NMR (500 MHz, CDCl3) &6
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (g, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCls) & 144.3, 140.4, 139.6,
139.5, 139.4, 138.8, 136.7, 136.3, 133.9, 133.5, 131.4, 131.3,
129.9, 128.1, 128.0, 127.9, 127.8, 127.6, 127.3, 127.1, 126.8,
125.8, 125.8, 124.5, 124.4, 119.3, 119.2, 118.3, 118.2, 117.8,
117.6, 109.5, 105.9, 104.6, 47.9, 46.7, 43.4, 42.4, 41.2, 37.9,
37.9, 36.6, 20.5, 18.2; HRMS (ESI) calcd for [M+H]" 286.1517,
found 286.1524.

10-(Thiophen-2-yl)-5, 6, 9, 10-tetrahydro-6,9-methanocyclo-
hepta[blindole (3q).

Black solid; yield 79%; 91:9 dr.; "H NMR (500 MHz, CDCl;) &
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); *C NMR (125 MHz, CDCl;) 6 166.7, 148.8, 140.1,
139.2, 133.7, 131.3, 130.8, 130.1, 129.9, 127.8, 127.4, 125.5,
125.2, 123.5, 123.4, 122.2, 122.0, 119.5, 119.4, 118.5, 118.4,
117.7, 117.4, 109.6, 105.2, 64.6, 48.2, 38.0, 37.6, 36.5, 29.6,
18.2, 12.7; HRMS (ESI) caled for [M+H]* 278.0925, found
278.0916.

10-(Naphthalen-1-yl)-5, 5a, 6, 9, 10, 10a-hexahydro-6, 9-
methanocyclohepta[b]indole (3r)

White solid; yield 45%; 75:25 dr. "H NMR (500 MHz, CDCl;) &
7.93 (s, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.68 (dd, J = 8.2, 4.4 Hz,
1H), 7.64 (s, 1H), 7.47 (dd, J = 8.5, 1.6 Hz, 1H), 7.43 — 7.37 (m,
2H), 7.31 (t, J = 7.1 Hz, 1H), 7.07 — 7.00 (m, 1H), 6.92 (d, J = 7.8
Hz, 1H), 6.85 (dd, J = 11.0, 3.8 Hz, 1H), 6.50 (dd, J = 5.5, 2.8 Hz,
1H), 6.45 (dd, J = 5.4, 2.7 Hz, 1H), 6.08 (dd, J = 5.4, 3.0 Hz, 1H),
5.37 (dt, J = 8.7, 4.3 Hz, 1H), 4.60 (d, J = 4.9 Hz, 1H), 4.17 (s,
1H), 3.49 (dd, J = 4.3, 2.9 Hz, 1H), 3.44 (dt, J = 6.9, 3.5 Hz, 1H),
3.31 (dd, J = 7.8, 4.8 Hz, 1H), 3.01 (dd, J = 7.9, 4.5 Hz, 1H), 2.51
—2.44 (m, 1H), 2.31 (d, J = 9.6 Hz, 1H), 2.27 (d, J = 10.1 Hz, 1H),
2.01 (dt, J = 9.9, 4.8 Hz, 1H). >C NMR (125 MHz, CDCl5) &
142.86, 140.81, 140.77, 140.59, 140.00, 134.97, 134.60,
133.69, 133.54, 132.46, 132.37, 132.31, 130.87, 128.61,
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128.28, 127.94, 127.87, 127.79, 127.59, 127.57, 127.47,
127.42, 127.33, 126.71, 126.48, 125.74, 125.60, 125.21,
125.11, 120.53, 120.36, 119.54, 119.41, 118.80, 118.66,
110.64, 110.61, 106.77, 105.51, 48.75, 47.83, 44.50, 43.59,
42.50, 39.06, 38.99, 37.69. HRMS (ESI) calcd for [M+H]®
323.1674, found 323.1628.

10-Ethyl-5, 6, 9, 10-tetrahydro-6, 9-methanocyclohepta[b]-
indole (3s).

White solid; yield 97%; 50:50 dr.; "H NMR (500 MHz, CDCl;) &
7.60 (s, 2H), 7.48 (m , 1H), 7.45 (m, 1H), 7.20 (m, 2H), 7.04 (m,
4H), 6.42 (m, 1H), 6.28 (m, 1H), 5.85 — 5.77 (m, 2H), 3.27 (s,
1H), 3.22 (m, 2H), 3.06 (d, J = 11.2 Hz, 1H), 2.92 (s, 1H), 2.55 (d,
J=10.0 Hz, 1H), 2.36 (d, J = 4.6 Hz, 1H), 2.07 (t, J = 9.5 Hz, 2H),
1.98 (d, J = 9.3 Hz, 1H), 1.64 — 1.39 (m, 2H), 1.35 — 1.26 (m, 2H),
1.13 (m, 6H); *C NMR (125 MHz, CDCl,) & 143.1, 142.0, 141.5,
137.4, 137.2, 134.6, 133.4, 131.0, 130.9, 122.6, 122.5, 121.8,
121.1, 120.7, 113.3, 111.1, 111.0, 46.3, 44.5, 44.2, 41.6, 41.5,
40.9, 40.4, 30.4, 25.8, 15.0, 14.6; HRMS (ESI) calcd for [M+H]"
224.1361, found 224.1369.

10-(4-(Benzyloxy)phenyl)-5, 6, 9, 10-tetrahydro-6, 9-methano-
cyclohepta[blindole (3t).

Brown oil; yield 76%; 70:30 dr.; ‘H NMR (500 MHz, CDCl;) &
7.90 (s, 1H), 7.34 — 7.17 (m, 7H), 7.04 (dd, J = 15.0, 7.4 Hz, 2H),
6.90 (q, J = 7.5 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 6.73 (d, J = 7.8
Hz, 1H), 6.46 (d, J = 13.8 Hz, 1H), 6.42 (m, 1H), 6.05 (d, J = 1.8
Hz, 1H), 5.36 (d, J = 16.2 Hz, 1H), 4.43 (s, 1H), 4.01 (s, 1H), 3.46
(s, 1H), 3.41 (s, 1H), 3.23 (s, 1H), 2.90 (d, J = 22.6 Hz, 1H), 2.44
(s, 1H), 2.28 — 2.23 (m, 1H), 2.19 (d, J = 13.3 Hz, 1H), 2.00 (d, J =
4.5 Hz, 1H); **C NMR (125 MHz, CDCl5) & 152.9, 146.2, 142.5,
141.0, 139.4, 139.4, 139.0, 137.3, 137.2, 136.4, 136.0, 132.1,
131.9, 130.7, 130.5, 129.6, 128.2, 128.1, 128.0, 127.7, 127.5,
121.4, 121.2, 118.9, 118.6, 106.3, 104.9, 104.3, 104.2, 101.2,
101.0, 69.7, 69.6, 48.9, 47.1, 44.4, 43.1, 42.9, 39.0, 38.8, 36.7;
HRMS (ESI) caled for [M+H]" 412.1390, found 412.1382.

2-Methoxy-10-phenyl-5, 6, 9,
methanocyclo-hepta[blindole (3u).

10-tetrahydro-6, 9-

Brown oil; yield 46%, 82:18 dr.; ‘H NMR (500 MHz, CDCl;) &
7.30 — 7.23 (m, 5H), 7.20 (s, 1H), 7.07 (d, J = 7.4 Hz, 1H), 6.88
(dd, J = 19.9, 13.3 Hz, 2H), 6.71 (d, J = 7.2 Hz, 1H), 6.45 (s, 1H),
6.39 (m, 1H), 6.03 (m, 1H), 5.38 (s, 1H), 4.44 (s, 1H), 4.02 (s,
1H), 3.76 (s, 3H), 3.64 (s, 1H), 3.59 (s, 1H), 3.23 (s, 1H), 2.93 (s,
1H), 2.25 — 2.20 (m, 1H), 2.17 (d, J = 9.9 Hz, 1H), 2.04 (m, J =
4.9 Hz, 1H); *C NMR (125 MHz, CDCl5) 6 145.5, 142.2, 141.6,
140.0, 139.4, 136.4, 136.1, 132.3, 130.9, 128.5, 128.4, 128.3,
127.9, 127.9, 126.1, 126.0, 120.0, 119.8, 119.0, 118.8, 118.7,
118.6, 108.8, 104.7, 48.9, 47.8, 44.3, 43.5, 42.3, 37.6, 37.0,
36.9; HRMS (ESI) caled for [M+H]* 302.1467, found 302.1436.

4-(2-Chloro-5,5a, 6, 9, 10, 10a-hexahydro-6, 9-
methanocyclohepta[blindol-10-yl)benzonitrile (3v)

White solid; yield 32%; 69:31 dr 'H NMR (500 MHz, CDCl;) &
8.09 (s, 1H), 7.60 — 7.57 (m, 2H), 7.54 (d, J = 7.5 Hz, 1H), 7.32
(d, J=8.2 Hz, 2H), 7.23 ( d,J = 3.4 Hz, 1H), 7.21 (d, J = 3.4 Hz,
1H), 7.02 (d, J = 2.0 Hz, 1H), 7.01 (t, J = 2.0 Hz, 1H), 6.99 (d, J =
2.0 Hz, 1H), 6.79 (d, J = 1.9 Hz, 1H), 6.61 (d, J = 1.8 Hz, 1H), 6.49
(dd, J = 5.6, 2.8 Hz, 1H), 6.45 (dd, J = 5.4, 2.7 Hz, 1H), 6.05 (dd, J
=5.4, 3.0 Hz, 1H), 5.28 (dd, J = 5.6, 2.9 Hz, 1H), 4.43 (d, J = 4.9
Hz, 1H), 4.01 (s, 1H), 3.52 — 3.49 (m, 1H), 3.46 (dd, J = 4.2, 3.0
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Hz, 1H), 3.21 (td, J = 4.9, 3.1 Hz, 1H), 2.89 (t, J = 3.2 Hz, 1H),
2.48 (dt, J = 9.7, 4.8 Hz, 1H), 2.27 — 2.23 (m, 1H), 2.09 (d, J =
10.3 Hz, 1H), 2.02 (dt, J = 16.0, 5.3 Hz, 1H). *C NMR (125 MHz,
CDCl;) 6 150.47, 146.83, 142.63, 142.55, 141.05, 140.41,
133.27, 132.96, 132.43, 132.18, 132.12, 130.27, 129.20,
129.16, 128.96, 128.85, 125.52, 125.37, 121.02, 120.86,
119.21, 119.13, 117.51, 117.41, 111.81, 111.77, 110.23,
110.16, 105.34, 104.14, 48.58, 47.20, 44.25, 43.20, 42.36,
38.92, 38.85, 37.33. HRMS (ESI) calcd for [M+H]" 332.1093,
found 332.1052.

5-Methyl-10-phenyl-5, 6, 9,
methanocyclohepta[b]indole (3w)

10-tetrahydro-6, 9-

Brownness oil, yield 46%, 82:18 d. r.'H NMR (500 MHz, CDCl3)
67.30-7.23 (m, 5H), 7.20 (s, 1H), 7.07 (d, J = 7.4 Hz, 1H), 6.88
(dd, J = 19.9, 13.3 Hz, 2H), 6.71 (d, J = 7.2 Hz, 1H), 6.45 (s, 1H),
6.39 (m, 1H), 6.03 (m, 1H), 5.38 (s, 1H), 4.44 (s, 1H), 4.02 (s,
1H), 3.76 (s, 3H), 3.64 (s, 1H), 3.59 (s, 1H), 3.23 (s, 1H), 2.93 (s,
1H), 2.25 — 2.20 (m, 1H), 2.17 (d, J = 9.9 Hz, 1H), 2.04 (m, J =
4.9 Hz, 1H).®C NMR (125 MHz, CDCl;) & 145.49, 142.21,
141.64, 140.04, 139.42, 136.42, 136.06, 132.33, 130.85,
128.54, 128.41, 128.28, 127.92, 127.90, 126.05, 125.98,
120.03, 119.84, 11896, 118.82, 118.71, 118.55, 108.79,
104.74, 48.91, 47.75, 44.32, 43.50, 42.33, 37.58, 37.02, 36.86
: HRMS (ESI) calcd for [M+H]" 285.1517, found 285.1510.
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