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Radical Cyclizations in the Synthesis of 3-Methyl-cis-
octahydroindol-5-ones

Sergi Jansana,”™ Guilhem Coussanes, Faiza Diaba,™ and Josep Bonjoch*?!

Abstract: Three approaches to the stereoselective synthesis of 3-
methyl-cis-octahydroindoles through a 5-endo-trig radical cyclization ~ Scheme 1. i i ethyloctahydroindole
are described, starting from: a) a N-vinylic a-chloroacetamide  ©mPedded; b) Hanessia lled access to the AC
followed by lactam methylenation and hydrogenation; b) an alkyne
tether enamide promoted by Bu;SnH, followed by protonolysis of the
vinylstannane and hydrogenation of the exocyclic alkene; and c) a
2,2-dichloropropanamide cyclization onto the alkenyl bond and
hydrogenation of the resulting endocyclic double bond, which
constitutes the most efficient sequence toward the targeted
compounds. 1,5-Enyne cyclizations through a 5-endo-trig process
are reported, in which a remote functional group (ketal or ketone),
allowed the diastereoselectivity in the octahydroindole ring formation
to be overturned, through steric control in the facial hydrogen radical
delivery step.

sequence, a ,ster sis of a 3-methyl-cis-
; e hydrogenation of a
was key in the formation of
t C-3 (Scheme 1, bottom).’?

has been described to
3-methyloctahydroindoles with the
methyl group tran Ing junction hydrogens (i.e. type |
compounds) starting from aminocyclohexenes or analogs, which
uld allow agairect entry to this compound type (Scheme 2).""
ost preglients of hydroindole synthesis using this approach
ajor diastereomer formed has the methyl substituent in a p-
ition (the epimer of 1) and cannot be used as a building
Daphniphyllum alkaloid synthesis. Although Hanessian
process resulting in a reversed diastereoselection,
cludes its synthetic application™® In this context,
he radical cyclization of both haloacetamides and
enynes to evaluate their usefulness to stereoselectively achieve
3-methyl-cis-octahydroindoles starting from functionalized 4-
amigocyclohex-3-enes (Scheme 2, bottom).

To

Introduction

The 3-methyl-cis-octahydroindole motif, with a stereoche
pattern as depicted in Scheme 1, is embedded in
Daphniphyllum alkaloids belonging to biogenetically different
groups (e.g. yuzurimine- and daphniglaucine-types,
Scheme 1). The only stereocontrolled procedure rep
for to obtain octahydroindoles with the configurati
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ica, Facultat de Farmacia, IBUB, Scheme 2. Synthetic precedents toward cis-3-methyloctahydroindoles and the
proposed approach. [a] Three diastereomers reported, but not assigned.
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We first studied the feasibility of using hydroindolone 2 to
achieve the targeted type | compound, either by alkylation or
methylenation followed by hydrogenation (Scheme 3).
Compound 2 was synthesized in a three-step sequence from the
monoethylene ketal of the 1,4-cyclohexanedione by formation of
the imine with benzylamine, followed by chloroacetylation™ to
give 1. As expected, when 1 was submitted to a radical
cyclization under reductive conditions using tributyltin hydride
(TBTH), a cis-hydroindole was obtained.”™ The methylation at C-
3 occurred via the formation of enolate amide, which reacted
with methyl iodide to afford compound 3 with the undesired
configuration at C-3. Attempts to induce an epimerization by
treatment of 3 with LDA and subsequent reprotonation failed. As
an alternative we tried the a-methylenation of 2, which after
some unfruitful attempts was achieved using Colby’s two-step
procedure (one-pot reaction),” albeit in low yield. Reduction of
the exocyclic methylene lactam under 24 bar hydrogen pressure
took place diastereoselectively, leading to lactam 5 in 77% yield,
with the desired stereochemical arrangement in the
octahydroindole ring. The minor compound 6, generated by an
isomerization of 4, was also observed (13%). After
hydrogenation under atmospheric pressure, the overall yield was
maintained, although the isomerization increased, compounds 5
and 6 being isolated in a 2:1 ratio. Interestingly, the
tetrasubstituted alkene 6 also proved to be a precursor of the
targeted octahydroindole 5 (see Scheme 7). Lactam 5 proved to
be configurationally stable to treatment with LDA at -78 °C (5
equiv., THF, 45 min) and quenching with water.

(0] _Bn 0 Bn
N v
N H
cl TBTH LHMDS Me
o VDS
AIBN Mel
0" "o oo
3 h toluene THF
72% — 71%
1 2
i. LHMDS, CF3CO,CH,CF3 (25%)
ii. (CHo0),,, K,CO3,18-crown-6 °
o} _Bn 0 N Bn
NS ! H
Me H
oo
v/
6

of the methine proton H-3,
7.2 Hz), whereas in lactam
ets (J = 8.5, 6.6 Hz), as
analogs of 3 and 5. **C
roborated the structural elucidation,
(6 31.7) in 5 is upfield with respect
,3-diaxial relationship between the
methyl group an ich is only possible with the
stereochemistry of 5. Epimeric lactams 3 and 5 are depicted in
Figure 1 in their preferred conformation.®

based on the coupling const
which appears | i
3 it is split into a
reported by Ishibas
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The above a tahydroindole with the
ified to enhance its
yne cyclization induced
yne 7a "% (Scheme 4).
e formation from 1,4-
etal with propargyl amine
etylation, which gave enamide 7 in 54%
radical cyclization was carried out using
slow and AIBN to a refluxing benzene
solution of 7a. rocess gave a vinylstannane (not
shown), which by treatment with TsOH was protodestannylated
to give ketazx 35% overall yield together with a non-cyclized

efficiency. Hence,
by BusSnH ! was

-diene cgllfoound." Interestingly, a different result was
ined wien the cyclization was conducted with freshly
red tributyltin hydride (from an old sample of tributyltin
chlof@le and sodium cyanoborohydride in t-BuOH at reflux
re)."? The protonolysis step was conducted as above.
fon conditions, ketone 9 was isolated with an
imilar to that observed for 8.'¥ At that time the
deprotectionl of ketal 7a to the corresponding ketone 7b was
carried out and 7b submitted to the same reaction conditions to
promote the radical cyclization used previously from 7a, cis
yclic ketone 9 being isolated in 43% yield.

/\N/COCF3
Z

i. BuzSnH, AIBN
toluene, reflux
—_—
o O ii. TSOH, CH,Cl, rt
7a 35% 8
HCI 10% | g39,
THF
_COCF COCF;
/\N 3 N
BusSnH, AIBN
—_—
toluene, reflux H
o) 43% 0
7b 9

Scheme 4. Overturning the diastereoselectivity in the radical cyclization of
alkyne tether enamides 7.

A careful examination of the NMR data of 8 revealed the
formation of a trans-hydroindole. Notably, ketone 9 showed a
cis-ring fusion in the hydroindole ring. (For a discussion of the
elucidation of the trifluoroacetyl compounds by NMR data, see

This article is protected by copyright. All rights reserved.
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below and Table 1). Thus, changing the ketal group for the _COCF,4 COCF3
deprotected ketone altered the stereochemical course of the H,, Pd-C N H _ , TEAA
radical cyclization. Overturning the diastereoselectivity was 9 —  Me" ) < 180
crucial to achieve the relative configuration required for the MeOH H EtsN
targeted hydroindole-type compounds. The remote stereocontrol 29520/"1) CHCl

r2: (79%)

of the process was based on the steric hindrance induced by the
ketal group, which inhibits the transfer of the hydrogen atom
from the top face by the BuzSnH to the radical intermediate.
Conversely, the reduction in the ketone substrate leading to the
most stable cis-hydroindole compound 9 was sterically easy
(Scheme 5). Additionally, for the comparison of NMR data, ketal
hydrolysis in 8 was carried out to obtain ketone 10 (Scheme 6).
Although the radical cyclization gave only a moderate overall
yield of the targeted hydroindole 9, compared with that reported
by Hanessian using a 5-exo-trig cyclization,*® it should be noted
that the transformation from the 1,5-enyne 7b to 9 took place
through an unprecedented 5-endo-trig cyclization™ in the
nitrogen-containing heterocycles.!"*®

1"

_.COCF3 _COCF3;
N N

H,, Pd-C

The cis-ring in hydroindole 9 was established based

n *C NMR data showed a shielding of 6 and 8 ppm in

[O) (B”3.S”'H H O H H the ch nd C7a, respectively, compared with

0 & ~8nBus trans derivati : the strong deshielding of H-7a (8

a —> N - WH 4.72) indicates a syn-coplanar disposition with respect to the
BusSn-H o%cpa "ital 8 0 H carbonyl groug of the trifluoroacetamide, which is only possible

aceta CF3 10 il a ciS-cojnd. Regarding the relative configuration of the

o H H.SnBU o H ogenate® compound 11, the NMR spectra showed two set

- ( 3 nals in a 2:1 ratio, which were assigned to a epimeric

b — N e H - at C-3. The key' configuration at C-3 was esta'bllshed
Oﬁ/ SnBus attern of coupling constants of H-2. Thus, a triplet for

3.19 (J = 11.6 Hz) is only compatible with a cis-
f H-2p with the methine at H-3p."¥ Direct
comparison’with NMR data for ketal 12 was not possible since
each compound has a different preferred conformation (Figure
. The conformation of ketone 11 was as expected, considering
amide function induces an axial disposition for the C7-
ond with respect to the pyrrolidine ring to avoid the 1,3-
ic strain. However, in ketal 12 this conformation implies a
ong 1,3-diaxial interaction between the ketal at C-5 and the
3-C3a bond, hence the preferred endo-conformation. Finally,
12 was also available from the corresponding secondary amin to unambiguously corroborate the structural elucidation of 11, it
synthesized unambiguously, as depicted in Scheme 7. Togain~ was also prepared by hydrolysis of ketal 12. The NMR data of
additional spectroscopic data for the 3gmethyloctahydroind the sample of 11 obtained from 12 matched those of the major
the trans derivative 8 was also s epimer in the hydrogenation procedure from 9.

reduction process. Its hydrogenation
to 3 days, and led to the methyl derivall
epimer in a 3:2 ratio.

The relative stereochemist
and 9 (Z/E rotamers)!"’}
spectral data (Figure
assignment of 8 was fo
H-7a, which appears as a
both cases. This coupling pa
relationship begtween H-3a
disposition).

At this stage, we performed the hydrog
exocyclic methylene group at C-3 in 9. Using P
the methyl derivative 11 with the desired config
isolated as an epimeric mixture in a 2:1 ratio (Scheme 6):

for H-3a and
11.2, 1.2 Hz) in
is only compatible with a trans
H-7a (both in an axial

Figure 2. Trifluoroacetamides 8 and 9 in their preferred conformation and
stereoview of C-3 methylated compounds 11 and 12.
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Table 1. Key NMR of cis- and trans-hydroindoles 8-1 26

8 9! 1 12 13
H-2 4.39 4.44 3.91 3.78 3.73
(d,13.8)  (d,15.2) (t,11.6) ( 11.1)  (111.0)
4.22 4.33 3.19 3.26 3.46
c-2 52.8 50.6 51.3 51.8 55.7
H-3 2.49 2.35 2.26
c-3 143.8 144.6 36.0 35.6 33.6
H-3a 2.54 3.27 2.66 2.35 2.10
(t, 11.4)
C-3a 457 39.8 38.1 39.4 450
H-4 2.12 2.72 2.34 1.67 1.61
(dt,12.4) 2.72 2.34 1.32 1.44
1.65 (t,13.0)
c-4 35.3 38.7 36.2 30.8 35.8
H-6 1.89 2.30 2.38 1.55 1.84
1.61 2.45 2.22 1.45 1.61
c-6 33.7 36.5 35.5 29.4 334
H-7 2.98 2.30 2.66 2.70 2.84
1.65 1.86 1.94 1.93
c-7 27.2 24.9 24.7 22.8 26.7
H-7a 3.18 472 4.44 4.00 3.37
(td,11.2) (td, 8.0) (9,7.5)  (m) (td,11.3)
C-7a 65.1 57.0 58.3 59.7 60.6

key in determining the configuration. [b] Values for the major Z rotamer,

[a] Among the 'H NMR data, the only coupling constants shown are thos,
Values of coupling constants in Hz. ‘

In summary, although the usefulness of t
involving the 1,5-enyne radical cyclization was co
the overall yield, it allowed us to study the rem
divergent stereochemical course of a radical
hinged on whether a ketal or carbonyl group was e
the substrate.

We then decided to revisit the radical cyclization
haloacetamides leading to 3-methyloctahydroindoles
lactams, introduced by Ishibashi some gears ago (73%, dr
ratio for analogs of 3 and 5)**! and r

present in the current work. St
yield and diastereoselectivity,
depends on the degr
haloacetamide and th
cycloxene ring.!"
bromoacetamides 14a-b a
similar to that obtained in a
undesired epi
the isomerized

From bromo derivative 14b
also isolated in a nearly

loropropamide 14c¢ gave a synthetically
jor product of the radical cyclization
on a 5 g-scale and with 60% yield.
of the tetrasubstituted alkene in 6
gave the building bloc h the targeted configuration.
Reduction of 6 using sodium in ammonia led to a concomitant
reduction and N-debenzylation and the isolation of trans-

interesti
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hydroindole 15, which has a more stable configuration than that
of its epimer at C-3.2" Finally, from cis-octahydroindole 5,
several derivatives were synthesized, namely lactam 16 and the
amines 17-19.

o)
/
14a X 3 (39%)
X 3 (32%) and 6 (26%)

HClag LAH,  Me"
-« 5 —_— H
THF THF
O O
98% 90% /
16 17
H
N N/H
H,, Pd-C § H HClaq H
—— > Me" —_— Me®"
MeOH H 08% € H
95% o” o
o
18 19

Scheme 7. Third-generation synthesis of targeted 3-methyl cis-hydroindoles.

Conclusions

A three-step sequence (enamide formation, radical cyclization,
and hydrogenation) either from dichloroacetamides or
propargylamines was developed to achieve cis-3-
methyloctahydroindoles as promising building-blocks for some
Daphniphyllum-type alkaloids embodying this structural unit. The
results obtained here are interesting from the mechanistic point
of view, since unexpected reaction pathways were found in the
radical cyclization processes (Scheme 8).

This article is protected by copyright. All rights reserved.
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N / \ N
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Me H
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o "o X=0orHH
(o Y = (OCH,); or O o

Scheme 8. Overview.

Experimental Section

General Methods: 'H and *C NMR spectra were recorded in CDClj
solution. Chemical shifts are reported as & values (ppm) relative to
internal Me,Si, and *C NMR spectra are referenced to the deuterated
solvent signal (CDCls: 77.00 ppm). All NMR data assignments are
supported by gCOSY and gHSQC experiments. TLC was performed on
SiO, (silica gel 60 Fzs4, Merck) or on Al,O3 (aluminium oxide 60 F254
neutral, Merck). The spots were located by UV light or a 1% KM
aqueous solution. Chromatography refers to flash chromatography,
was carried out on SiO; (Silica Flash P60, Wet & Dry, 200-500
and when indicated on Al,O3 (aluminium oxide 90, Merck). Drying of the
organic extracts during reaction work-up was performed over 3
Na2$O4.

4-(N-Benzyl-2-chloroacetamido]cyclohex-3-enone eth
Benzylamine (0.23 mL, 2.1 mmol) and 1,4
momoethylene ketal (300 mg, 1.9 mmol) were dissolve

was stirred at room temperature for 4 h, filtered through Celite®;
with CH,Cl, and concentrated to give the corresponding imine: H

7.30 (m, 5H) ppm. The above imine in
dropwise to a cooled solution of acetyl chl

another hour. The reaction mixtur
Na,CO; for 1 h, extracted with Et
concentrated. Purification
afforded enamide 1 (35 i. 'H NMR (400
), 3.97 (s, 4 H),
(brs, 1 H), 7.2797.32 (m, 5 H) ppm.
,31.0, 35.2, 41.7, 49.9, 64.6, 106.8,
.5, 166.0 ppm. HRMS (ESI): m/z

4.14 (s, 2 H), 4.64 (br s, 2 H),
3C NMR (100 MHz, CDCl): & =
126.7, 127.5, 128.4, 128.8, 137.0,

lene ketal (2): Enamide 1
olved in toluene (280 mL) and the solution
bon of BusSnH (6.34 mL, 23.6 mmol) and
ne (10 mL) was added to the reaction
mixture via S h. After cooling, the mixture was
concentrated and purified by chromatography (hexane/EtOAc; 75:25 to
0:100) to afford 2 as a colorless oil (4.06 g, 72%). 'H NMR (400 MHz,
CDCl3): d = 1.41-1.45 (m, 2 H, H-6), 1.57 (dd, J = 13.8, 8.4 Hz, 1 H, H-

10.1002/ejoc.201700086
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4ax), 1.73 (dd, J = 14.0, 5.2 Hz, 1 H, H-4eq), 1.82-1.89 (m, 2 H, H-7),
2.35 (m, 1 H, H-3a), 2.52-2.45 (m, 2 H, H-3), 3.44 (q, J = 5.2 Hz, 1 H, H-
7a), 3.93-3.88 (m, 4 H, OCH,), 4.05 and 4.88 (2d, J = 15.1 Hz, 1 H each,
CH,Ph), 7.27-7.32 (m, 5 H, PhH) ppm. *C NMR (100 MHz, CDCls,
gHSQC): 5 = 23.9 (C-7), 29.7 (C-6), 3 _3a), 35.7 (C-4), 37.7 (C-3),
44.0 (CHyPh), 55.0 (C-7a), 64.2 and 64. , 107.9 (C-5), 127.4,
127.9, 128.6 and 136.9 (Ph), 175.5 (C-2) pp (ESI): m/z calcd
for C17H22NO3 [M+H]" 288.1594; found 288.1

(3RS,3aRS,7aRS)-1-Benzyl-3-
ethylene ketal (3): To a solution o
equiv.) at -78 °C was adde

droindol-2,5-dione

(1 M in THF, 1.32 mL, 2
(190 mg, 0.66 mmol,
uL, 10 equiv.) was
red at -78 °C for 30 min and
he reaction was quenched
, and extracted with ether
re dried, concentrated and
95:5 to 0:100) to afford 3 as
00 MHz, CDCl3): 6 =1.19 (d, J
=14.2,10.8, 4.0 Hz, 1 H, H-6ax), 1.58
(m, 2 H, H-4), 1.83-1.91 (m, 2 H, H-7), 2.03-
J = 8.5, 6.8 Hz, 1 H, H-3), 3.35 (ddd, J =
—3.94 (m, 4 H, OCHy), 4.00 and 4.92 (2d
J=15.0Hz, 1 H e .22-7.34 (m, 5 H, PhH) ppm. "*C NMR
(100 MHz, CDClz): & = 13.9 (CHj3), 24.5 (C-7), 30.7 (C-6), 34.0 (C-4),
40.6 (C-3), 4(4).?'C—3a), 44.2 (CH,Ph), 53.4 (C-7a), 64.0 and 64.4 (OCH,)

at room temperature
with a solution of s
(3x10 mL). The com
purified by chro
a colorless oil (
=7.0Hz, 3 H, CH3
(m, 1 H, H-6ax),
2.10 (m,

8.0 (C-5), 1 , 127.9, 128.6 and 137.0 (Ph), 177.3 (C-2) ppm. HRMS
1): m/z cal@ffor C1gH24NO3 [M+H]" 302.1751; found 302.1760.

enzyl-3-methylenehexahydroindole-2,5-dione ethylene ketal
solution of LIHMDS (1.15 mL, 1M in THF, 1.15 mmol, 2 equiv.)
solution of compound 2 (165 mg, 0.57 mmol, 1 equiv.) in
e reaction mixture was allowed to warm to room

1.78 mmol, 3.1 equiv.). After an additional 24 h at room temperature,
saturated aqueous NH,Cl was added, and the resulting mixture was
extracted with EtOAc. The organic extracts were dried and concentrated

6 equiv.), and paraformaldehyde (604 mg, 20 mmol, 35 equiv.). The
spension was heated to reflux for 20 h. The mixture was allowed to
cool to room temperature, saturated aqueous NH,Cl was added, and the
resulting mixture was extracted with EtOAc. The organic extracts were
dried, concentrated, and purified by chromatography (hexane: EtOAc,
90:10 to 50:50) to afford 4 as a colorless oil (43 mg, 25%). "H NMR (400
MHz, CDCl): 8 = 1.49-1.57 (m, 2 H, H-6), 1.65-1.74 (m, 2 H, H-4 and H-
7), 1.84-1.93 (m, 2 H, H-4 and H-7), 3.03 (dddd, J = 12.0, 6.2, 6.0, 2.0 Hz
1H, H-3a), 3.49 (q, J = 6.2 Hz, 1 H, H-7a), 3.90 (s, 4 H, OCH), 4.18 and
4.96 (2d, J=15.0 Hz, 1 H each, CH,Ph), 5.31 and 6.04 (2d, J = 1.9 Hz,
1 H each, =CH,), 7.24-7.33 (m, 5 H, PhH) ppm. "*C NMR (100 MHz,
CDCl3): 6 = 24.0 (C-7), 30.4 (C-6), 35.8 (C-4), 36.2 (C-3a), 44.6 (CH;Ph),
53.3 (C-7a), 64.2 (OCH,), 107.9 (C-5), 115.1 (=CHy), 127.5, 128.0, 128.7
and 136.6 (Ph), 144.0 (C-3), 168.5 (C-2) ppm. HRMS (ESI): m/z calcd for
C1gH21NNaO; [M+Na]* 322.1414; found 322.1411.

(3RS,3aSR,7aSR)-1-Benzyl-3-Methylhexahydroindol-2,5-dione

ethylene ketal (5): Compound 4 (43 mg, 0.14 mmol, 1.0 equiv.) was
dissolved in EtOAc (15 mL), and Pd/C (18 mg, 40% w/w) was added.
The resulting suspension was stirred at room temperature under 20 atm
of Hy. After 24 h, the reaction mixture was filtered twice through Celite®
and concentrated to afford 5 together with minor amounts of 6 in an 8:1
ratio, as a colorless oil (38 mg, 87% overall yield). '"H NMR (400 MHz,
CDCl3): 6 = 1.14 (d, J = 7.2 Hz, 3H, CH3), 1.25 (m, 1H, H-6ax), 1.32 (t, J
=12.8 Hz, 1 H, H-4ax), 1.45 (dq, J = 13.2, 3.2 Hz, 1 H, H-6eq), 1.58 (ddd,
J=13.6, 5.6, 2.8 Hz, 1 H, H-4eq), 1.80 (tt, J = 14.0, 4.2 Hz, 1H, H-7ax),
2.02 (dq J = 13.2, 3.0 Hz, 1 H, H-7eq), 2.47 (dddd J = 12.6, 7.0, 6.0, 5.0
Hz, 1 H, H-3a), 2.59 (quintuplet, J = 7.2 Hz, 1 H, H-3), 3.41 (d, J = 4.3,
2.6 Hz, 1 H, H-7a), 3.90-3.94 (m, 4 H, OCH), 4.07 and 4.88 (2d, J =

This article is protected by copyright. All rights reserved.
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15.1 Hz, 1 H each, CH,Ph), 7.20-7.36 (m, 5 H, PhH) ppm. *C NMR (100
MHz, CDCls): § = 9.2 (CH3), 23.1 (C-7), 29.0 (C-6), 31.7 (C-4), 36.8 (C-
3a), 42.0 (C-3), 44.0 (CH.Ph), 53.5 (C-7a), 64.2 and 64.4 (OCH), 108.2
(C-5), 127.3, 127.8, 128.6, and 137.0 (Ph), 178.2 (C-2) ppm. HRMS
(ESI): m/z calcd for C1gH24NO3 [M+H]": 302.1751 found: 302.1760. For
analytical data of 6, see below. When the hydrogenation of 4 was carried
out at atmospheric pressure, compounds 5 and 6 were isolated in a 2:1
ratio and 90% overall yield.

[4-(N-Trifluoroacetyl-N-propargyl)amino]-3-cyclohexenone ethylene
ketal (7a): Following the general procedure, cyclohexanedione
monoethylene ketal (2.37 g, 15.15 mmol, 1.0 equiv.) and benzylamine
were dissolved in CH,Cl, (2 mL). The resulting imine®? was treated with
trifluoroacetic anhydride (2.6 mL, 18.18 mmol, 1.2 equiv.) and Et;N in
toluene (166 mL). Chromatography (hexane/ EtOAc, 90:10 to 0:100)
afforded 7 (2.33 g, 54%) as a pale yellow solid: m.p. 87-92 °C. 'H NMR
(400 MHz, CDCl3): 6 = 1.87 (t, J = 6.8 Hz, 2 H), 2.30 (s, 1 H), 2.40 (m, 4
H), 3.98-4.01 (m, 4 H), 4.26 (s, 2 H), 5.74 (s, 1 H) ppm. *C NMR (100
MHz, CDCl,): & = 26.5, 30.9, 35.3, 37.5, 64.6, 73.0, 106.4, 127.3, 134.8
ppm. HRMS (ESI): m/z calcd for Cq3H15F3NO3 [M+H]" 290.0999; found
290.0989.

[4-(N-trifluoroacetyl-N-propargyl)amino]-3-cyclohexenone (7b): Ketal
7a (95 mg, 0.33 mmol, 1.0 equiv.) was dissolved in a THF: HCI (10%)
mixture (4:1, 2.5 mL) and stirred at room temperature. After 24 h, the
reaction was quenched with a saturated solution of Na,CO; and
extracted with CH.Cl,. The resulting organic layer was dried,
concentrated, and purified by chromatography (hexane/EtOAc, 9:1 to
3:1) to afford ketone 7b (66 mg, yellow oil, 83%). 'H NMR (400 MHz,
CDCl3): 8 2.34 (t, J = 2.4 Hz, 1 H, C=CH), 2.67 (br s, 4 H, H-6 and H-7),
3.05 (d, J=3.6 Hz, 2 H, H-4), 4.35 (br s, 2 H, CH,N), 5.96 (t, J = 3.6 Hz,
1 H, CHCN) ppm. "*C NMR (100 MHz, CDCls): & 27.5 (C-7), 37.4 (C
37.8 (C-6), 38.5 (C-4), 73.8 (CH=C), 76.6 (C=CH), 116.2 (q, Jo-r
Hz, CF3), 127.2 (CH-CN), 135.1 (CN), 156.0 (q, Jc.o = 36 Hz, CO), 206.2
(C-5) ppm. HRMS (ESI): m/z calcd for C11H11F3NO, [M+H]™:
found: 246.0731.

trans-3-Methylene-1-trifluoroacetyloctahydroindol-5-o
ketal (8): Alkyne 7 (240 mg, 0.83 mmol, 1.0 equiv.)
benzene (12 mL) and heated up to reflux. TBTH (268
equiv.) and AIBN (68 mg, 0.41 mmol, 0.5 equiv.) were
syringe pump over 1.5 h. The reaction was maintained at reflu
The mixture was cooled to room temperature and concentrated.
solid p-toluenesulfonic monohydrate (190 mg, 1.00 mmol, 1.2 equiv.) was
added in CH.Cl, (25 mL) and the solution stirred for 3 h. The redgti
mixture was neutralized and washed ith Na,COs, dried,
concentrated. Purification by chromatogr; exane/EtOAc, 9
50:50) afforded 8 (60 mg, 35%) as a whi

H-4eq),

13.8 Hz, 1 H each, H-2),
ppm. *C NMR (100 MH
45.7 (C-3a), 52.8 (C-2), 642
(=CH,), 108.5 (C-5), 116.1 (
masked (CO). HRMS (ESI): m/z
found 292.1157.

-6), 35.3 (C-4),
1 (C-7a), 104.3
¢ = 286 Hz, CF3y 143.8 (C-3) ppm;
d for Cq3H17F3N03 ['\/"*‘H]+ 2921155,

oindol-5-one (9): To a
g, 0.72 mmol; T"®equiv.) in toluene (9 mL) at
2 pL, 0.86 mmol, 1.2 equiv.) and AIBN (59
e added with a syringe pump over 1.5 h.
ined at reflux for 1.5 h, cooled to room
the vinylstannane intermediate, solid
p-toluenesulfonic monohydrate mg, 0.86 mmol, 1.2 equiv.) was
added in CH.Cl, (19 mL) and the solution stirred for 3 h. The reaction
mixture was washed with Na,COs; solution, dried, and concentrated.

cis-3-Methylene-1-t
solution of alkyne 7b (
reflux temperature, TBT
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Purification by chromatography (hexane/EtOAc, 20:1 to 3:1) afforded 4-
(N-trifluoroacetyl-N-allyl)Jaminocycloxen-3-enone (18 mg, 12%) and then
9 (66 mg, 43%) as a brown oil. "H NMR (400 MHz, CDCl3, 5:2 mixture of
Z/E rotamers) Rotamer Z: 5 =1.80-1.92 (m, 1 H, H-7), 2.14-2.46 (m, 3 H,
H-6 and H-7), 2.72 (m, 2H, H-4), 3.27 H-3a), 4.33 and 4.44 (2 dd,
J=15.2,0.8 Hz, 1 H each, H-2), 4.72 (td, 4.8 Hz, 1H, H-7a), 5.10
and 5.23 (2 q, J = 2.4 Hz, 1H each, =CH,). R - 5 =1.80-1.92 (m,
1 H, H-7), 2.14-2.46 (m, 3 H, H-6 and H-7), ), 3.35 (m,
1H, H-3a), 4.08 and 4.44 (2 d, ,4.60 (dt J =
10.8, 6.2 Hz, 1 H, H-7a), 5.14 & J = 2.0 Hz, 1 H each, =CH,)
ppm. *C NMR (100 MHz, CDCl,): : 5 =24.9 (C-7), 36.5 (C-6),
38.7 (C-4), 39.8 (C-3a), 50, 09.4 (=CH,), 116.1 (q,
Jo.r = 286 Hz, CF3), 144 X 70 Hz, CO), 208.3 (C-
5). Rotamer E: 8 = 2 8.1 (C-4), 43.8 (C-3a), 50.4
(C-2), 56.8 (C-7a), 1 ), 142.0 (C-3), 155.4 (CO),
206.9 (C-S) ppm. for Cq4H43F3NO, [M+H]+
248.0893; found 248.

C-7)
(=CHy), 117.5
S (ESl): m/z c

trans-3-Methyle ydroindol-5-one (10): Ketal 8
(18 mg, 0.06 mm
mixture (4:1, 1.5 mL

reaction

stirred at room temperature. After 18 h, the
ith a saturated solution of Na,CO; and
extract resulting organic layer was dried,
concentrated, an romatography (hexane/EtOAc, 9:1) to
afford 10 (12 mg, 80%) as a clear oil. 'H NMR (400 MHz, CDCl3): & =
1.77 (qd, J = 123, 5.3 Hz, 1 H, H-7ax), 2.36 (m, 1 H, H-4ax), 2.44 (m, 1
H-6), 2.6;; H, H-6 and H-3a), 2.80 (dq, J = 15.0, 3.2 Hz, 1 H, H-
, 3.27 (M%YH, H-7eq), 3.60 (td, J = 11.6, 2.8 Hz, 1 H, H-7a), 4.34 (d,
.0 Hz, 1 H, H-2), 4.47 (d, J = 14.0 Hz, 1 H, H-2), 4.90 and 5.09 (2 d
Hz, 1 H each, =CH,) ppm. "*C NMR (100 MHz, CDCl,): 5 28.0 (C-
(C-6), 41.4 (C-4), 46.9 (C-3a), 52.9 (C-2), 63.8 (C-7a), 106.0
1 (q, Je-r = 286 Hz, CF3), 142.6 (C-3), 155.5 (q, Jc-o = 36 Hz
ppm. HRMS (ESI): m/z calcd for C11H13F3NO, [M+H]":
- 248.0902.

(3RS,3aSR,7aSR)-1-Trifluoroacetyl-3-Methyloctahydroindol-5-one
(11): Ketone 9 (31 mg) in MeOH (2 mL) was hydrogenated overnight,
i d-C (15 mg). Octahydroindole 11 (as a 2:1 epimeric mixture) was
d in 95% yield: '"H NMR (400 MHz, CDCl3): 5 = 1.06 (d, J = 6.8 Hz
Hs), 1.94 (m, 1 H, H-7), 2.22 (m, 1 H, H-6), 2.34 (m, 2 H, H-4), 2.38
1 H, H-6), 249 (m, 1 H, H-3), 2.61 — 2.71 (m, 2 H, H-7 and H-3a),
19 (t, J=11.6 Hz, 1 H, H-2), 3.91 (td, J = 11.6, 1.6 Hz, 1 H, H-2), 4.44
(a, J = 7.5 Hz, 1 H, H-7a) ppm. *C NMR (100 MHz, CDCl,): 5 = 12.0
(CHa), 24.7 (C-7), 35.5 (C-6), 36.0 (C-3), 36.2 (C-4), 38.1 (C-3a), 51.3 (C-
2), 58.3 (C-7a), 116.1 (q, Jc-r = 286 Hz, CF3), 155.5 (q, Jc-o = 36 Hz, CO)
211.2 (C-5) ppm. Minor Signals 15.8, 25.1, 28.6, 36.0, 36.9, 38.6,
39.7,43.4, 52.9, 57.5, 65.7, 205.4 ppm. HRMS (ESI): m/z calcd for
C11H1sF3NO2 [M+H]™: 250.1049 found: 250.1049. A pure sample of
ketone 11 as a yellow oil was obtained by hydrolysis of ketal 12 using
THF-10% HCI (4:1). The NMR data matched those of the major epimer
obtained in the above hydrogenation procedure.

(3RS,3aSR,7aSR)-1-Trifluoroacetyl-3-Methyloctahydroindol-5-one

ethylene ketal (12): To a cooled solution (0 °C) of 50 mg (0.25 mmol) of
amine 17 (see below) in CH,Cl, (2 mL) were added TFAA (70 uL, 0.50
mmol) and triethylamine (106 uL, 0.76 mmol). After 4 h at room
temperature the solution was quenched by a solution of NaHCO; and
extracted with EtOAc. The organic extracts were washed with 1 N HCI,
dried, concentrated, and purified by chromatography (hexane/EtOAc,
20:1) to give trifluoroacetamide 12 as a yellow oil (58 mg, 79%): "H NMR
(400 MHz, CDCl3): 6 =0.99 (d, J = 6.4 Hz, 3 H, CH3), 1.32 (t, J = 13.0 Hz,
1 H, H-4ax), 1.45 (dd, J = 13.2, 3.9 Hz, 1 H, H-6eq), 1.55 (m, 1 H, H-6ax),
1.67 (ddd, J=13.7, 5.7, 2.4 Hz, 1 H, H-4eq), 1.88 —1.99 (m, 1 H, H-7ax),
2.33 (m, 1 H, H-3a), 2.39 (m, 1 H, H-3), 2.70 (dq, J = 15.1, 4.0 Hz, 1 H,
H-7eq), 3.26 (t, J = 11.1 Hz, 1 H, H-2), 3.78 (td, J = 9, 1.2 Hz, 1 H, H-2),
3.94-3.98 (m, 4 H, OCH,), 4.00 (m, 1 H, H-7a) ppm. "*C NMR (100 MHz,
CDCl3): & = 11.5 (CH3), 22.8 (C-7), 29.4 (C-6), 30.8 (C-4), 35.6 (C-3),
39.4 (C-3a), 51.8 (C-2), 59.7 (C-7a), 64.2 and 64.4 (OCH), 108.5 (C-5),
116.0 (q, Jcr = 286 Hz, CF3), 143.8 (C-3), 157.0 (q, Jc-o = 35.0 Hz, CO)
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ppm. HRMS (ESI): m/z calcd for C13H1gF3NO3 [M+H]": 294.1312 found:
294.1313.

(3RS,3aRS,7aRS)-1-Trifluoro-3-Methyloctahydroindol-5-one ethylene
ketal (13): To a stirred solution of alkene 8 (30 mg, 0.13 mmol) in MeOH
(2 mL) was added Pd/C (45 mg) at room temperature. The reaction
mixture was stirred under a hydrogen atmosphere for 72 h, filtered
through Celite®, concentrated and purified by chromatography
(Hexane/EtOAc, 90:10) to afford 13 (mixture of epimers, dr 3:2) as a
yellow oil (29 mg, 95%). '"H NMR (400 MHz, CDCl3): 5 = 0.90 (d, J = 7.2
Hz, 3 H, CH3), 1.44 (m, 1 H, H-4), 1.59 — 1.64 (m, 2 H, H-4 and H-6),
1.81 - 1.88 (m, 2 H, H-6 and H-7ax), 2.10 (m, 1 H, H-3a), 2.26 (qdd, J =
7.2,6.0,4.0, 1.2 Hz, 1 H, H-3), 2.84 (dq, J = 12.0, 4.0 Hz, 1 H, H-7eq),
3.37 (td, J = 11.4, 3.2 Hz, 1 H, H-7a), 3.46 (dd, J = 11.0, 1.5 Hz, 1 H, H-
2), 3.73 (dd, J = 11.0, 5.8 Hz, 1 H, H-2), 3.96 (s, 4 H, (OCH,). "*C NMR
(100 MHz, CDCl3): & = 13.1 (CH3), 26.7 (C-7), 33.4 (C-6), 33.6 (C-3),
35.8 (C-4), 45.0 (C-3a), 55.7 (C-2), 60.6 (C-7a), 64.6 and (OCH,), 64.6
(OCH), 109.1 (C-5), 116.1 (q, Jc-r = 288 Hz, CF3), 156.9 (q, Jc.o = 36.0
Hz, CO). NMR data for the minor epimer at C-3: "H NMR (400 MHz,
CDCl3): 6 = 1.01 (d, J = 6.4 Hz, 3 H, CH3), 1.44 (m, 2 H, H-4 and H-7),
1.54 (m, 1 H, H-3a), 1.59-1.64 (m, 1 H, H-6), 1.81-1.88 (m, 2 H, H-3 and
H-6), 1.98 (dt, J =12.3, 2.8 Hz, 1 H, H-4), 2.84 (m, 1 H, H-7), 3.17 (t, J =
10.7 Hz, 1 H, H-2), 3.24 (m, 1 H, H-7a), 3.91 (m, 1 H, H-2), 3.96 (s, 4 H,
OCH,) ppm. ®C NMR (100 MHz, CDCls): & = 14.1 (CHs), 26.6 (C-7),
33.4 (C-6), 36.5 (C-3), 36.8 (C-4), 48.7 (C-3a), 55.4 (C-2), 65.3 (C-7a),
64.3 (OCHy), 64.4 (OCH), 108.6 (C-5), 120.4 (CF3), 156.5 (CO).

4-[(N-Benzyl-N-2-chloropropanoyl)amino]-3-cyclohexenone ethylene
ketal (14a): The same imine used above for enamide 1 was prepared on
a1.92 mmol scale and treated with 2-chloropropionyl chloride (205 pL,
2.11 mmol, 1.1 equiv.) and TEA in dry toluene (12 mL). Purification py
chromatography (hexane/EtOAc, 100:0 to 50:50) afforded 4 (288
44%) as a yellow solid: m.p. 75-79°C. "H NMR (400 MHz, CDCI
1.67 (d, J=6.6 Hz, 3 H), 1.80 (dd, J=11.0, 4.4 Hz, 2 H), 2.17-2.34 (m
H), 3.97 (s, 4 H), 4.56 (masked, 1 H), 4.74 (br s, 2 H), 5.37 (
7.24-7.30 (m, 5 H) ppm. "*C NMR (100 MHz, CDCls): & = 21.7
35.2, 50.0, 50.4, 64.5, 106.7, 126.4, 127.4, 128.4, 128.7,
ppm. HRMS (ESI): m/z calcd for C1gH23CINO3 [M+H]" 3
336.1361.

4-[(N-Benzyl-N-2-bromopropanoyl)amino]-3-cyclohexe
ketal (14b): The same imine used above for enamide 1 was pr
a 1.93 mmol scale and treated with 2-bromopropionyl chloride (22
2.13 mmol, 1.1 equiv.) and TEA in dry toluene (6 mL). Chromatography
(hexane/EtOAc, 95:5 to 75:25) afforded 5 as a brown oil (343 mg,
"H NMR (400 MHz, CDCls): 5 = 1.25 (d, J =

4-[(N-Benzyl-N-2,2-dichl
ethylene ketal (14c): Tj

NMR (400 MHz, C|
3 H), 2.38-2.52 (m,
: MR (100 MHz, CDCl;): & =
50.3, 64.4, 80.6, 106.8, 127.5, 128.3, 128.7,
-4 not observed). HRMS (ESI): m/z calcd
1: found 370.0974.

Cyclization of enamides 14
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From 14a: Following the general procedure for the cyclization of 1,
haloamide 14a (140 mg, 0.42 mmol, 1.0 equiv) was dissolved in toluene
(6 mL) and heated to reflux. BusSnH (135 pL, 0.50 mmol, 1.2 equiv) and
AIBN (14 mg, 0.08 mmol, 0.2 equiv) were added over 4 h with a syringe
pump. Purification by chromatograph ane/EtOAc, 95:5 to 50:50)
afforded 3 as a colorless oil (49 mg, 39 nalytical data when 3
was obtained from 2, see above.

175 mg, 0.46 mmol) and
(45 mg, 32%) and lactam 6
(36 mg, 26%) were obtained in 58% 0O "

-1H-indol-2,5-dione
cedure for the cyclization of
.0 equiv) was dissolved in
H (20 mL, 74.3 mmol, 2.2
equiv) were added with a
(hexane/EtOAc, 9:1 to 0:1)

ethylene ketal (6): F
1, dichloroamide 14
toluene (480 mL) an
equiv) and AIBN (1.
syringe pump
afforded 6 as a
1.19 (tdd, J = 13.8,
H-6ax), 1.78 (dq, J =
CHs), 2.
14.2, 1. (dd, J = 14.0, 2.8 Hz, 1 H, H-4eq), 3.57
(dd, J = 11.4, 5.0 Hz, a), 3.85-4.00 (m, 4 H, OCH,), 4.23 and
4.98 (2d, J = 15.2 Hz, 1 H each, CH,Ph), 7.22-7.32 (m, 5 H, PhH) ppm.
8C NMR (100 [gdz, CDCls): & = 8.5 (CH3), 27.9 (C-7), 32.1 (C-6), 36.0

4), 44.0 (ﬁ), 59.1 (C-7a), 64.5 and 64.7 (OCH,), 64.5 and 64.7
H,), 109. -5), 127.2 (C-3), 127.3, 127.9, 128.6, 137.9 (Ph), 149.4
, 172.1 (C-2) ppm. HRMS (ESI): m/z calcd for C1gH22NO3 [M+H]"
94 found 300.1591.

ion of 6. Synthesis of Lactam 5: To a solution of alkene 6
ol, 1.0 equiv.) in MeOH (15 mL) was added Pd/C (215
mg, 40% w/"W The resulting suspension was stirred at room temperature
under 27 atm of H; for 2 days. The reaction mixture was filtered through
Celite® and concentrated. Chromatography (hexane/EtOAc, 85:15)
affogded 5 (346 mg, 64%). For NMR data of lactam 5, see above.

aRS,7aSR)-3-Methylhexahydroindol-2,5-dione ethylene ketal
: NH; was condensed in a flask at -78 °C (50 mL) and Na (excess)
s added to afford a dark blue solution. A solution of 6 (74 mg, 0.25
mol, 1.0 equiv.) in THF (12.5mL) was added dropwise. After 20 min,
the reaction mixture was quenched with a saturated solution of NH,CI.
The reaction mixture was gradually warmed to room temperature until the
bubbling stopped. It was then extracted with CH,Cl, and the resulting
organic layer was washed with brine, dried, and concentrated to afford 15
(41 mg, 79%) as a colorless solid: m.p. 178-182 °C. 'H NMR (400 MHz,
CDCl3): 8 = 1.15 (d, J = 6.8 Hz, 3 H, CH3), 1.52 — 1.59 (m, 2 H, H-4ax
and H-7ax), 1.64 (td, J = 13.2, 4.0 Hz, 1 H, H-6ax), 1.73 (m, 1 H, H-3a),
1.87 (ddd, J = 13.2, 4.4, 3.6 Hz, 1 H, H-6eq), 1.93 (dtd, J = 12.0, 2.8, 0.8
Hz, 1 H, H-4eq), 2.00 (dq, J = 12.0, 3.6 Hz, 1 H, H-7eq), 2.08 (dq, J =
12.0, 6.8 Hz, 1 H, H-3), 3.03 (ddd, J = 13.2, 9.6, 3.2 Hz, 1 H, H-7a), 3.94
—3.99 (m, 4 H, (OCH,), 5.93 (br s, 1 H, NH) ppm. "*C NMR (100 MHz,
CDCl3): & = 12.4 (CHg3), 27.7 (C-7), 33.7 (C-6), 36.9 (C-4), 42.5 (C-3),
48.9 (C-3a), 57.4 (C-7a), 64.4 and (OCH,), 108.4 (C-5), 180.8 (C-2) ppm.
HRMS (ESI): m/z calcd for C11H1gNO3 [M+H]": 212.1281 found: 212.1288

(3RS,3aSR,7aSR)-1-Benzyl-3-methylhexahydro-2H-indole-2,5(3H)-

dione (16): Ketal 5 (100 mg, 0.33 mmol, 1.0 equiv.) was dissolved in a
THF:HCI (10%) mixture (1:5, 6 mL) and stirred at room temperature.
After an overnight stirring, the resulting solution was extracted with
CH.Cl,, dried, and concentrated to afford ketone 16 as a yellow oil (84
mg, 98%). "H NMR (400 MHz, CDCls): & = 1.17 (d, J = 6.0 Hz, 3 H, CHs),
2.01 (m, 1 H, H-7), 2.08 (m, 1 H, H-7), 2.13 (m, 1 H, H-6), 2.19 (m, 1 H,
H-6), 2.28 (m, 2 H, H-4), 2.75 (m, 2 H, H-3a, H-3), 3.69 (q, J = 5.2 Hz, 1
H, H-7a), 4.06 and 4.99 (2d, J = 15.0 Hz, 1 H each, CH,Ph) ppm. *C
NMR (100 MHz, CDCl3): & =10.6 (CHj3), 25.0 (C-7), 35.1 (C-6), 35.6 (C-
3a), 37.7 (C-4), , 40.3 (C-3), 44.3 (CH,Ph), 53.3 (C-7a), 127.7, 127.9,
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128.7, and 136.4 (Ph), 176.8 (C-2), 210.5 (C-5) ppm. HRMS (ESI): m/z
calcd for C1gHaoNO, [M+H]* 258.1489; found 258.1490.

(3RS,3aSR,7aSR)-1-Benzyl-3-methyloctahydroindol-5-one ethylene
ketal (17): LiAlH4 (26 mg, 2.0 equiv.) was suspended in dry THF (2 mL).
A solution of 5 (100 mg, 0.33 mmol, 1.0 equiv.) in THF (6 mL) was added
dropwise. The resulting suspension was heated to reflux for 4 h. It was
cooled to room temperature and the remaining LiAlHs was quenched with
a 15 % solution of NaOH. The resulting suspension was filtered through
Celite® and washed several times with CH_Cl,. The resulting filtrate was
washed with brine, dried, and concentrated. Chromatography
(CH.Cl,/MeOH, 100:0 to 98:2) afforded 17 (85 mg, 90%) as a brown oil.
"H NMR (400 MHz, CDCl3): 8 = 0.84 (d, J = 6.8 Hz, 3 H, CH3), 1.44-1.53
(m, 2 H, H-4eq and H-6eq), 1.66 (t, J = 12.8 Hz, 1 H, H-4ax), 1.77 (br dt,
J =14.0, 3.6 Hz, 1 H, H-7eq), 1.84-1.92 (m, 1 H, H-7ax), 1.98 (td, J =
13.6, 4.4, 1 H, H-6ax), 2.11 (dddd, J = 12.8, 6.4. 6.4, 3.2 Hz, 1 H, H-3a),
2.26-2.35 (m, 1 H, H-3), 2.47 (t, J = 9.6 Hz, 1 H, H-2), 2.65 (t, J = 9.6 Hz,
1H, H-2),2.79 (q, J = 3.2 Hz, 1 H, H-7a), 3.23 (d, J = 14 Hz, 1 H, CH;Ph),
3.95-4.00 (m, 5 H, OCH, and CH,Ph), 7.17-7.32 (m, 5 H, PhH) ppm. *C
NMR (100 MHz, CDCl;): 8 = 13.6 (CH3), 24.1 (C-7), 29.0 (C-6), 31.6 (C-
4), 34.2 (C-3), 41.8 (C-3a), 58.0 (CH.Ph), 59.1 (C-2), 62.7 (C-7a), 64.0
and 64.3 (OCH,), 110.1 (C-5), 126.5, 128.1, 128.2, and 140.7 (Ph) ppm.
HRMS (ESI): m/z calcd for C1gH26NO; [M+H]" 288.1958; found 288.1959.

1

(21
(31

4

(3RS,7SR,7aSR)-3-Methyloctahydroindol-5-one ethylene ketal (18):
Amine 17 (73 mg, 0.25 mmol, 1.0 equiv.) was dissolved in MeOH (2.5
mL) and Pd/C (15 mg, 20% w/w) was added. The resulting suspension
was stirred under 1 atm of H, at room temperature. After 24 h, the
reaction mixture was filtered through CeIite®, concentrated, and purified
by chromatography (CH.Cl,/MeOH, 99:1 to 90:10) to afford 18 (50 mg,
nearly quantitative) as a brown oil. "H NMR (400 MHz, CDCls): 5 = 0,93
(d, J=7.2Hz, 3 H, CH3), 1.35 (t, J = 13.0 Hz, 1 H, H-4ax), 1.48-1.5.
2 H, H-4eq and H-6eq), 1.73-1.81 (m, 2 H, H-7), 1.89 (tt, J = 14.0,
1 H, H-6ax), 2.06 (dq, J = 12.6, 5.2 Hz, 1 H, H-3a), 2.16 (br s, 1 H, NH),
2.32-2.44 (m, 1 H, H-3), 2.62 (t, J = 10.4 Hz, 1 H, H-2), 3.14 (t
Hz, 1 H, H-2), 3.28 (q, J = 4.0 Hz, 1 H, H-7a), 3.93-3.97 (m,
ppm. *C NMR (100 MHz, CDCl3): & = 13.1 (CH3), 25.7 (C-7,

(40 mg, 0.20 mmol, 1.0 equiv.) was dissolved in HCI (10%) (1 mL
stirred at room temperature. After an overnight stirring, the resulting
solution was extracted with CH,Cl,, quenched with a saturated solutiyn of
Na,CO; and extracted with CHCI;:iPrOH
layer was dried and concentrated to affor
as an amorphous orange solid. "H NMR (

(71
(8l

101
[10]

111

Hz, 1 H, H-2), 3.52 (br s,
13.3 (CHs), 28.6 (C-7),
51.8 (C-2), 56.9 (C-7a), 213}
[IM+H]" 154.1226; found 154.1

H, H-7a);
(C-6), 37.9
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Stereoselective syntheses of 3-methyl-cis-octahydroindoles through a 5-endo-trig of 3-Methyl-cisjtahydroindol-5-
radical cyclization followed by an hydrogenation step were achieved from either an nes

alkyne tether enamide or a N-alkenyl-2,2-dichloropropanamide. 1,5-Enyn
cyclizations via a 5-endo-trig process are reported, in which a remote function
group (ketone or ketal) allowed the diastereoselectivity in the octahydroindole ring

formation to be overturned.
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