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The nickel catalyzed reductive coupling of allylarbonates with chloroyclotryptamin:
analogs to construct sterically congested all € (gpaternary centers has been achieved
enphasis on the substrate scope. And the using af/dieethyleneyl carbonates coupling v
a variety of tertiary alkyl halides furnished theerylated products improved the reactic
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1. Introduction

The challenges in the construction of all Gfsparbon
quaternary stereogenic centers have evoked a number
synthetic strategies based on transition-metabczatd
conventional coupling of organometallic reagentshvétitable

electrophiles™™* Among them, Cu-catalyzed Kumada assembly

of tertiarY alkyl-Grignard nucleophiles with alkyleetrophiles is
of note.™ The reactions display excellent compatibility with
unactivated alkyl groups, although the functioralugp tolerance
is constrained due to the use of alkyl-MgX reagerfke
coupling of tertiary alkyl nucleophiles with allylielectrophiles
has also been examinddl. The allylation process often suffers
from poor regioselective issues due to the conipetfbrmation
of a andy products. Using allyl and benzyl zinc or magnesasn
the nucleophiles, Oshima demonstrated the vialfitiormation
of all carbon quaternary centers by their couplimgth
unactivated tertiary alkyl halide§! With Ag- or Co-catalysts,
this coupling protocol also results in a mixture ofand y
isomers, when a 1- and/or 3-substituted allylic oadte was
subjected to the reaction condition§? When both allyl
nucleophiles and allyl electrophiles are employedcellent
regioselectivities were observed in a Pd-catalyzdiyl-allyl
coupling method, wherein the coupling of allyl-B(pimith
internal allyl electrophiles produces the quateyrmemters when
3,3-disubstituted allylic acetates were utiliz&tt{eme 1).

OCorresponding authors. Fax: +86 21 66134594; e-mdaliesses:
gianqun@shu.edu.cn, hegui_gong@shu.edu.cn,
yao850618@gmail.com.
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Scheme 1. Cross-coupling strategies for the constructiomlif
containing all C (sp) quaternary carbon centers

Recently, we disclosed a Ni-catalyzed reductive dogpf
tertiary alkyl halides with allylic carbonate8! which allows
efficient preparation of all carbon quaternary cestgd centers
constituting four C(sP)-C(sp) bonds. The mild reaction enables
a wide set of unactivated tertiary alkyl halides aaitylic
carbonates with aryl- or alkyl-substitutes. Differesutbstitution
patterns were investigated. For 1- or 3-substitatégl or aryl
allylic carbonates, the coupling results always fabe addition
of tertiary alkyl group to the less hindered attytiarbon centers.

In this paper, we wish to provide more detailed stsidin
the reductive allylation method, with emphasis oe flubstrate
scope. Firstly, we investigated the allylation ajtgntial bio-
activated cyclotryptamine structure. Then, we expdndhe
substrate scope to penta-dienyl carbonates.
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2. Results and Discussion

(1) The coupling of chloro-cyclotryptamine derivatives

Cyclotryptamine derivatives are an important sddftbat can
be found in a diverse set of natural products, laida and
pharmaceutical€® The examples include bioactive compounds
flustramine B which blocks voltage-activated potassi
channels® Fructigenine Awhich displays growth-inhibitory
activity against Avena coleoptile and anti-inflamorat activity
I and 5-N-acetylardeemin which is one of the mostcieffit
inhibitors of multidrug resistance (MDR) toantitunegents such
as vinblastine, taxol, and doxorubicFigure 1). " ®

(-)-fructigenine A

Me,
MeNHCO,
o
N H

\

Me

|
N
/ (e}

(-)-5-N-acetylardeemin (-)-physovenine

Figure 1. Examples of naturally-occurring products contagnin
cyclotryptamine scaffold.

In our previous studies, we have showcased that UB®©G
protected chloro-cyclotryptamine precursot effectively
provided the allylated pyrroloindolin@a in 66% vyield by
coupling with 2-phenylallyl carbonata. Compound3a can be
viewed as an analog of the natural products destiibEigure 1.
Such a result prompted us to quest the generdlityeoallylation
reaction conditions, however, no improvement was ireth
(method A, Table 1.).

With the standardnethod A in hand, a number of 2-aryl allylic
carbonates substituted with both electron-withdrawiagd
electron-donating groups on the aryl moieties wige €xplored.
Good yields were obtained f8b-f regardless of the substitution
patterns Figure 2). By comparison, the unsubstituted allylic
carbonate furnisheflg in a moderate yield. Whereas 2-methyl-
decorated allyl carbonate was much less effectigaeting3h
in 42% vyield, the branched but-3-en-2-yl methyl boarate
delivered3i in 48% vyield by addition of the tertiary alkyl gno
to the 1-position of the allyl substrate; produgit was also
contaminated with a branched isomer with a 10:1 fiheanched
ratio. Notably, for 1-methyl-substitted allylic camate, no
appreciable coupling yield was observed.

Next, a variety of chloro-cyclotryptamine analogslofvere
investigated for the methyl (2-aryl) allyl carboesRa, which

generated}-13 in moderate to good yields. The chloro-substrates

beating 5-methoxy and Cl gades in preparatively useful yields.
Different protecting groups on the nitrogen atomshef chloro-
substrates other than Boc- were effective. TheskidecCbz,
Methoxycarbonyl and Tosyl as manifested in the elanof 6-
10. More interestingly, a methyl substituent at C){Rasition of
the chloro-substrate deliveredl in 45% yield which is
composed of two consecutive quaternary carbon renie

Tetrahedron

Table 1. Optimization for the coupling of 2-phenylallyl
carbonate with chloro-cyclotryptamine 1

cl Ph
CfQIBOC _h_ocoMe
N

Boc
1 (0.15 mmol)

v

OYQY

I

S/N N [
iPr

"method A"
NiBrz (glyme) (10%)
ligand L1 (15%)
MgCl, (100%)
Zn (300%)
pyridine (30%)
DMA (1 mL), 25°C

Ph

NBoc

N
Boc

2a (2 equiv) 3a, 66% yield

tBu tBu
L5 L8

Entry Variation from the condition A Vield
1 none 6696
2 no Ni trace
3 no pyridine 57%
4 no ligand 8%
5 no MgC} 32%
6 no Zn ND
7 Ni(COD), 60%
8 Ni(diglyme) 58%
9 Nil, 63%
10 L5 instead of L1 trace
11 L8 instead of L1 12%

[a] Standard conditions: 1 (0.15mmol), allylic carbonate 2a (2 equiv), Ni
(10%), ligand (15%), pyridine (30%), MgC(100%), Zn (300%), DMA (1
mL), 25°C. [b] NMR vyield using 2,5-dimethylfuran as thedémal reference.
[c] Yield of isolate yield. COD=1,5-cycloocatadiend®MA= N, N-
dimethylacetamide.

our delight, a chloro-substrate contacting a tetlabfuran ring
was also competent, which offerek® has 47% yield. This
product can be viewed as a key scaffold for natecensing
Physovenine Kigure 1). Finally, the more complex chloro-
substrates derived from tryptophan were also exainindich
gavel3in 56% yield.

(2) The coupling with penta-dienyl carbonates

"method B"
/\>< NiBry(dme) (10%)
- 1 equiv i} gand (15% /\></\/\
K MgCl, (100%) BzO X
WOCOZMe Zn .(3.00%) 1
2 equiv pyridine (30%)

DMA

Cl
| N \ O = (o]
T A S

L1: R=/Pr63%
L2: R = Ph 50%
L3: R=Bn70%

tB tB o O

u _ u />—<\j

7 N\ &) N N //
=N N

L5: 60%

L4: 33%

MeQ

L6: 54%

L7: 78%
Scheme 2. The optimal reaction conditions fa4.
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Boc
3b, R = 3-F: 68%
3¢, R = 4-F: 75%
3d, R = 3-OMe: 70%
3¢, R = 4-OMe: 69%
3f, R = 2-OMe: 60%

R

NBoc

Boc Boc

3g, 56%! 3h, 42%

Ph Ph Ph Ph Ph
cl Ji
:\< E / N :\< E/ o)
N NBoc N NCbz N \ N“T N
Boc Cbz R COOMe Bod Me Boc E
0C
= . 0,
5, 65% 6, 42% 7,R=Ts: 63% 11, 45% 12, 47%

8, R = CO,Me: 51%
9, R =Boc, 66%
10, R = Cbz, 62%

R
Me
N\ Me A\ \ O
MeO,
MeO
NBoc NBoc NBoc
N N N NBoc O
N NBoc
Boc Boc N
Boc

R o/ [c,d] o/ [b]
3i, 48% 4a, 54% 4b, R=H: 58%

4c, R=F: 56%

13, 56%

Figure 2. Substrate scope. [a] ph-pybox (L2, 15%) was use@nantioselectivity was observed. [b] Standard itimms except
that Ni (COD) (10%), ditbu-bipyridine (L5, 15%), 2,6-diamine-pyridine (30%&s used. [c] but-3-en-2-yl methyl carbonate
was used, 10:1 ratio of linear/branched. [d] N{Biglyme) (10%), 4,7-dimethoxy-2,9-dimethyl-1,10estanthroline (L7, 15%),
2,6-diamine-pyridine (30%), MgBK100%), Mn (300%) was used.

To further expand the scope of the substrates, woeed the
coupling of E)-methyl penta-2,4-dien-1-yl carbonate with
different tertiary alkyl halides. With ligand7, a good yield was
obtained forl4 (method B, Scheme 2). Extension themnethod B
to other tertiary bromide generaté8-24 generally in moderate
to good vyields Figure 3). The reaction conditions displayed
excellent functional group tolerance even for aefyghenolic
group as evident irl7. Similar to our previous findings, the
primary bromide and tosylate were tolerated as @ gloducts
19-20, which provide a possibility of further transfornaais of
these functional groups. In addition, the reacti@so
accommodates the chloro-cyclotryptamine derivatiwesich
produced the dienyl produc24-24 in moderate yields.

[0}
R HO

15, R = MeO: 53%
16, R = Ac: 50%

~ i
R X BrMO/\X/W

17, 52%

18, R = n-CsHqq, 41% 20, 47%
19, R = TsO: 70%
R = = _~
COOMe
N N N
) Boc N" “coome N Boc
Boc Boc é o
21,R=H: 67% 23 496 )
22, R = Cl: 45% 3, 49% 24, 58%

Figure 3. Substrate scope for the coupling of dienyl melmylle
carbonates

(3) Thecoupling of other substrates

With further investigation of the substrate scopésthe
allylation event, we found that activated tertialiyyhhalides are
also suitable for this protocol. For instance, ttwmpling of

methyl 1-bromocyclopropane-1-carboxylate widla furnished

product25 in 52% yield équation 1). However, the reaction is
not efficient for allyl substrates that bear twaware substituents

may due to the steric hindrance.

Ph Ph
BFXVO\ _h_0CO,Me _Method A Mo\ (1)
o

o)
25 (52%)

1-bromocyclopropane-1-

2a

Equation 1. Coupling of methyl
carboxylate with 2a

3. Conclusions

In summary, an extension of nickel-catalyzed reigact
coupling between tertiary alkyl halides with allyiarbonates to
generate highly sterically congested all G\spuaternary centers
is illustrated. We have developed the strategy eductive
allylation for chloro-cyclotryptamine derivativeswhich is
suitable for a variety of aryl and alkyl-substiiteallylic
carbonates and a number of chloro-cyclotryptamimedaays with
different protecting groups. Installation of 1,2yl methylenyl
groups to the C3a-positions of the cyclotryptandeeivatives is
also competent. In addition, penta-dienyl carbonatan
efficiently coupling with tertiary alkyl halides. Allthese
expansion, shows the potential value of this reactio

4, Experimental section
4.1. General Information

Experiments were conducted under a nitrogen atmosghe
oven-dried or flame-dried glassware with magnetiarisg,
unless otherwise specified. For product purification flash
column chromatography, silica gel (300-400 meshd an
petroleum ether (bp 60-90 °C) were used. NMR spegtee
measured on a Bruker 600 MHz and a Bruker 500 MHz NMR
instrument at room temperature. Reference peakshioroform
in '"H NMR and™C NMR spectra were set at 7.26 ppm and 77.0
ppm, respectively. High-resolution mass spectra (HRMS8re
obtained using a lonSpec 4.7 TESLA FTMS. Meltingnpavas



4 Tetrahedron
recorded on a micro melting point apparatus (X-4, YUHUA13.9 Hz, 1H), 2.76-2.71 (m, 1H), 1.93-1.85 (m, 2H381(s, 9H),

Co., Ltd, Gongyi, China). IR spectra was detectedWATAR
370 FT-IR and recorded in wave number;'cm

4.1.1 General Method A

To a flame-dried Schlenk tube equipped with a lséir was
loaded zinc power (58.8 mg, 0.9 mmol, 300 mol %Jpfeed by
addition of MgC} (28.6 mg, 0.3 mmol, 100 mol %), iPr-b&4d
(13.6 mg, 0.045 mmol, 15 mol %), NiBglyme (9.2 mg, 0.03
mmol, 10 mol %). The tube was evacuated and rdfifierogen
(N,) three time. DMA (1.0 mL) was added via syringe,dold
by addition of chloro-cyclotryptamine/tertiary brata (0.3
mmol, 100%), Allylic Carbonates (0.6 mmol, 200 niA),
Pyridine (0.09 mmol, 30 mol %). After the reactioixmre was
allowed to stir for 12 hours under, dtmosphere at Z&. It was
loaded onto a silica column. Flash column chromaipigy
provided the product as oil or foam solid.

4.1.2 General Method B

To a flame-dried Schlenk tube equipped with a sir Wwas
loaded zinc power (58.8 mg, 0.9 mmol, 300 mol %Jpfeed by
addition of MgC} (28.6 mg, 0.3 mmol, 100 mol %),7 (12.1
mg, 0.045 mmol, 15 mol %), NiBglyme (9.2 mg, 0.03 mmol,
10 mol %). The tube was evacuated and refilled gémo(N)
three time. DMA (1.0 mL) was added via syringe, followey
addition of chloro-cyclotryptamine/tertiary bromid6.3 mmol,
100%), Allylic Carbonates (0.6 mmol, 200 mol %),riEine
(0.09 mmol, 30 mol %). After the reaction mixturesaalowed
to stir for 12 hours under Aatmosphere at Z&. It was loaded
onto a silica column. Flash column chromatograptoyided the
product as oil or solid.

4.2 Synthetic procedure and characterization data

421 Di-tert-butyl(3aS,8aR)-3a-(2-phenylallyl)-2,3,3a,8a-
tetrahydropyrrolo[2,3-b] indole-1,8-dicar boxylate (3a)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 66%
yield (94.4 mg, 0.198 mmol) as foam solid. mp: #4°@. The

cis-structure was confirmed by NOESY spectrum wherb@ t
allylic CH, protons correlate with the proton on the carbon

adjacent to the two nitrogen atoms.
IR (KBr) v=2975, 2931, 1703, 1470, 1393, 1148, 864, 747.

NMR (600 MHz, Chloroform-d): 8 7.51 (s, 1H), 7.24-7.18 (m,

5H), 7.10 (tJ = 7.5 Hz, 1H), 6.94 (d] = 7.5 Hz, 1H), 6.84 ({] =

7.5 Hz, 1H), 6.07 (s, 1H), 5.21 (s, 1H), 5.00 (s, 1HB33B.60
(m, 1H), 3.03 (dJ = 13.8 Hz, 1H), 2.86 (d) = 13.8 Hz, 1H),
2.74-2.68 (m, 1H), 1.85-1.83 (m, 2H), 1.57 (s, 9HAGI(S, 9H).

C NMR (150 MHz, Chloroform-d): & 153.8, 152.3, 145.0,
142.7, 142.0, 134.2, 128.1, 128.0, 127.2, 126.3.5.2122.6,
117.7, 116.4, 81.0, 79.9, 56.6, 45.9, 43.2, 28813.2HRMS

(APCI) exact mass calculated for [MHH(CyHz/N,O): m/z

477.2748; found: 477.2910.

422 Di-tert-butyl(3aS)-3a-(2-(3-fluor ophenyl) allyl)-
2,3,3a,8a-tetrahy dropyrrolo [2,3-b] indole-1,8-dicarboxylate
(3b)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 68%
yield (100.9 mg, 0.204 mmol) as foam solid. mp:-10a °C.

IR (KBr) v=2972, 2929, 1704, 1476, 1390, 1158, 889, #30.
NMR (600 MHz, Chloroform-d): & 7.47 (bs, 1H), 7.14 (¢l =
6.0 Hz, 1H), 7.07 (tJ = 7.5 Hz, 1H), 6.90 (tJ = 7.0 Hz, 2H),
6.86-6.79 (m, 3H), 6.06 (s, 1H), 5.21 (s, 1H), 5.861H), 3.64
(q,J =11.2, 7.2 Hz, 1H), 3.01 (d,= 13.7 Hz, 1H), 2.83 (d] =

1.46 (s, 9H)C NMR (150 MHz, Chloroform-d): & 163.3,

161.6, 153.8, 152.1, 144.3, 144.2, 144.0, 142.8B.5,2129.4,
128.1, 123.4, 122.6, 121.9, 118.5, 113.9, 113.8.3,1113.1,
81.1, 79.6, 56.6, 53.3, 45.8, 43.3, 28.3, 28R.NMR (564

MHz, Chloroform-d): & 113.6. HRMS (ESI) exact mass
calculated for [M+H] (CygHssFN,O,): miz 495.2654; found:
495.2660.

423 Di-tert-butyl3a-(2-(4-fluorophenyl)  allyl)-2,3,3a,8a-
tetrahydro pyrrolo[2,3-b] indole-1,8-dicar boxylate (3c)

According to method A, except L2 was used, flash column
chromatography (Si© 5% ethyl acetate in petroleum ether)
provided this compound in 75% yield (111.2 mg, 6.22nol) as
foam solid. mp: 102-104C. The cis-structure was confirmed by
NOESY spectrum wherein the allylic Glgrotons correlate with
the proton on the carbon adjacent to the two niiagems.

IR (KBr) v=2973, 2928,1706, 1478, 1391, 1160, 894, 841, 751.
'"H NMR (600 MHz, Chloraform-d): & 7.50 (bs, 1H), 7.08 (1]

= 7.5 Hz, 3H), 6.91-6.82 (m, 4H), 6.04 (s, 1H), 5.131(), 5.01

(s, 1H), 3.64 (ddJ = 11.4, 7.8 Hz, 1H), 3.00 (d, = 13.8 Hz,
1H), 2.84 (dJ = 13.2 Hz, 1H), 2.74-2.70 (m, 1H), 1.91-1.83 (m,
2H), 1.56 (s, 9H), 1.46 (s, 9H)°C NMR (150 MHz,
Chloroform-d): & 162.7, 161.1, 153.7, 152.1, 144.1, 142.7,
137.9, 133.8, 127.9, 127.8, 123.3, 122.5, 117.6%.111114.8,
114.7, 81.0, 79.6, 56.5, 53.3, 45.7, 43.6, 28.32.2% NMR
(564 MHz, Chloroform-d): 8 115.3.HRMS (ESI) exact mass
calculated for [M+H] (CoHssFN,O,): m/z 495.2654; found:
495.2686.

424 Di-tert-butyl (3aS)-3a-(2-(3-methoxyphenyl) allyl)-
2,3,3a,8a-tetrahydropyrrolo [2,3-b] indole-1,8-dicarboxylate
(3d)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 70%
yield (106.3 mg, 0.210 mmol) as foam solid. mp:887°C.

IR (KBr) v=2972, 2928, 1705, 1478, 1394, 1160, 891, #532.
NMR (600 MHz, Chloroform-d): 8 7.53 (bs, 1H), 7.15 (] =
12.0 Hz, 1H), 7.10 () = 12.0 Hz, 1H), 6.94 (d] = 6.0 Hz, 1H),
6.85 (t,J = 12.0 Hz, 1H), 6.81 (d] = 6.0 Hz, 1H), 6.74 (dd] =
12.0, 6.0 Hz, 1H), 6.67 (s, 1H), 6.06 (s, 1H), 5.22), 4.99 (s,
1H), 3.76 (s, 3H), 3.63-3.60 (m, 1H), 3.00 Jd&5 12.0 Hz, 1H),
2.84 (d,J = 12.0 Hz, 1H), 2.71 (g1 = 12.0 Hz, 1H), 1.86 ({J =
6.0 Hz, 2H), 1.57 (s,9H), 1.45 (s, 9HJC NMR (150 MHz,
Chloroform-d): & 159.2, 152.2, 144.8, 143.5, 142.6, 129.0,
127.9, 1235, 122.6, 118.8, 117.7, 112.7, 112.(0,879.8, 56.6,
55.0, 53.4, 45.9, 43.2, 28.3, 28.ARMS (ESI) exact mass
calculated for [M+H] (CsHsoN,Os): m/z 507.2853; found:
507.2831

425 Di-tert-butyl (3aS)-3a-(2-(4-methoxyphenyl) allyl)-
2,3,3a,8a-tetrahydropyrrolo [2,3-b] indole-1,8-dicarboxylate
(3e)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 69%
yield (104.8 mg, 0.207 mmol) as foam solid. mp:788C.

IR (KBr) v=2971, 2927, 1705, 1607, 1473, 1393, 1157, 1028,
892, 752H NMR (600 MHz, Chloroform-d): 8 7.53 (bs, 1H),
7.14-7.10 (m, 3H), 6.95 (d, = 6.0 Hz, 1H), 6.87 (1) = 6.0 Hz,
1H), 6.76 (dJ = 6.0 Hz, 2H), 6.05 (s, 1H), 5.15 (s, 1H), 4.90 (s,
1H), 3.77 (s, 3H), 3.63-3.60 (m, 1H), 2.96 {d= 18.0 Hz, 1H),
2.82 (d,J = 18.0 Hz, 1H), 2.73-2.68 (m, 1H), 1.85-1.83 (m, 2H),
1.56 (s, 9H), 1.45 (s, 9HYC NMR (150 MHz, Chloroform-d):

5 158.8, 153.8, 152.2, 144.2, 142.6, 134.3, 12729.4, 123.5,



1225, 116.4, 113.5, 81.0, 79.8, 56.6, 55.1, 48391, 28.3, 28.2.
HRMS (ESI) exact mass calculated for [MHHC;oH3oN,0x):
m/z 507.2853; found: 507.2839.

426  Di-tert-butyl(3aS)-3a-(2-(2-methoxyphenyl)  allyl)-
2,3,3a,8a-tetrahy dropyrrolo [2,3-b] indole-1,8-dicarboxylate
(3f)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 60%
yield (91.1 mg, 0.180 mmol) as foam solid. mp: 83@.

IR (KBr) v=2972, 2927, 1706, 1480, 1391, 1160, 894, 730.
NMR (600 MHz, Chloroform-d): & 7.48 (bs, 1H), 7.14(1] =
7.8 Hz, 1H), 7.07 (tJ = 7.8 Hz, 1H), 6.95 (d) = 7.2 Hz, 1H),
6.83 (t,J = 7.8 Hz, 1H),6.79 (s, 1H), 6.74 @,= 7.2 Hz, 2H ),
5.98 (s, 1H), 5.07 (s, 1H), 5.03 (s, 1H), 3.80 (s, 3%,7-3.63
(m, 1H), 3.25 (dJ) = 13.8 Hz, 1H), 2.85-2.80 (m, 1H), 2.69 (t,
=11.5, 6.0 Hz, 1H), 1.87-1.80 (m, 2H), 1.56 (s, 9H51(s, 9H).
3C NMR (150 MHz, Chloroform-d): & 156.0, 153.8, 152.2,
145.1, 142.8, 131.2, 129.9, 128.5, 127.8, 123.2.4,2120.5,
119.4, 110.2, 80.9, 79.7, 56.4, 55.1, 45.5, 4384,228.3.
HRMS (ESI) exact mass calculated for [MHHC3oH3gN,0s):
m/z 507.2853; found: 507.2849.

427 Di-tert-butyl (3a9)-3a-allyl-2,3,3a,8a-
tetrahydropyrrolo[2,3-b] indole-1,8 -dicar boxylate (3g)

According tomethod A, except that Ni (CODR)10%, L5 15%,
2,6-diamine-Pyridine 30% was used, flash column
chromatography (Si© 2% ethyl acetate in petroleum ether)
provided this compound in 56% yield (67.3 mg, 0.b&&ol) as
foam solid. mp: 89-91C.

IR (KBr) v=2974, 2928, 1707, 1477, 1398, 1159, 1091, 887
753."H NMR (600 MHz, Chloroform-d): & 7.56 (bs, 1H), 7.20
(t, J=12.0 Hz, 1H), 7.10 (d] = 6.0 Hz, 1H), 7.02 (t) = 12.0
Hz, 1H), 6.02 (s, 1H), 5.62-5.53 (m, 1H), 5.06-4.99 @hl),
3.75-3.71 (m, 1H), 2.84 (td,= 12.0, 6.0 Hz, 1H), 2.52-2.48 (m,
1H), 2.44-2.40 (m, 1H), 2.08-2.04 (m, 1H), 2.01-1.8% (H),
1.55 (s, 9H), 1.47 (s, 9HYC NMR (150 M Hz, Chlorofor m-d):

5 154.0, 152.4, 143.0, 133.1, 128.1, 123.1, 12218.7, 81.2,
79.9, 56.2, 45.8, 42.6, 28.4, 28.BRMS (ESI) exact mass
calculated for [M+H] (CyHsaN,O,): m/z 401.2435; found:
401.2433.

428 Di-tert-butyl(3aS)-3a-(2-methylallyl)-2,3,3a,8a-
tetrahydropyrrolo [2,3-b] indole -1,8-dicar boxylate (3h)

According tomethod A, flash column chromatography (SiQ%
ethyl acetate in petroleum ether) provided this poamd in 42%
yield (52.2 mg, 0.126 mmol) as foamy semisolid.

IR (KBr) v=2974, 2927, 1707, 1476, 1395, 1162, 892, #33.
NMR (600 MHz, Chloroform-d): 3 7.52 (bs, 1H), 7.18 (1] =
7.7 Hz, 1H), 7.10 (dJ = 7.2 Hz, 1H), 7.00 (t) = 7.4 Hz,, 1H),
6.09 (s, 1H), 4.75 (s, 1H), 4.64 (s, 1H), 3.71 (tid,10.8, 7.8 Hz,
1H), 2.82 (it,J = 11.5, 5.2 Hz, 1H), 2.49 (d,= 13.4 Hz, 1H),
2.41 (d,J = 13.4 Hz, 1H), 2.10-1.99 (m, 2H), 1.54 (s, 9H), 1.47
(s, 9H), 1.43 (s, 3H)°C NMR (150 MHz, Chloroform-d): &
154.0, 152.3, 142.9, 141.4, 135.2, 128.1, 123.5,2181.0, 79.7,
56.4, 53.4, 46.1, 45.6, 28.4, 28.3, 2FHRMS (ESI) exact mass
calculated for [M+H] (CpHssN,O,): m/z 415.2591; found:
415.2572.

429 Di-tert-butyl(E)-3a-(but-2-en-1-yl)-2,3,3a,8a-tetr ahy
dropyrrolo [2,3-b] indole-1,8- dicar boxylate (3i)

This compound can be prepared from the couplingubf3-en-
2-yl methyl carbonate with di-tert-butyl 3a-chloro-2,3,3a,8a-
tetrahydropyrrolo[2,3] indole  -1,8-dicarboxylate, using

NiBr,.diglyme (10 mol %) and MgBr(100 mol %), Mn (300 mol
%) and L7 (15 mol %). Flash column chromatografBipf: 2%

ethyl acetate in petroleum ether) provided a mewirlinear and
branched isomer in overall 48% yield (59.7 mg, @.14mol) as
foamy semisolid. The ratio of théinear to branched was

determined to be ~10:1 based'shNMR analysis.

IR (KBr) v=2974, 2928, 1707, 1476, 1395, 1160, 892, #33.
NMR (600 MHz, Chloroform-d): 8 7.57 (bs, 1H), 7.19 (1 =
Hz, 1H), 7.09 (d,) = 12.0 Hz, 1H), 7.01 (i = 6.0 Hz, 1H), 6.01
(s, 1H), 5.49-5.46 (m, 1H), 5.25-5.20 (m, 1H), 3.73(# 10.8,
7.8 Hz, 1H), 2.84 (tdJ = 11.4, 5.4 Hz, 1H), 2.50-2.42(m, 1H),
2.36-2.33(m, 1H), 2.01-1.96 (m, 2H), 1.58 {d= 6.0 Hz, 3H),
1.57 (s, 9H), 1.48 (s, 9HYC NMR (150 MHz, Chlorofor m-d):

8 153.8, 152.3, 142.8, 138.9, 135.2, 129.3, 1287.9, 127.3,
125.3, 122.9, 122.7, 116.5, 81.0, 79.7, 56.3, 48173, 36.0,
28.3, 28.2, 17.94RMS (ESI) exact mass calculated for [M3H
(CH3sN04): miz 415.2591; found: 415.2601.

4.2.10 Di-tert-butyl (3a9)-3a-allyl-5-methoxy-2,3,3a,8a-
tetrahydro pyrrolo [2,3-b] indole-1,8- dicar boxylate (4a)

According tomethod A, except that Ni (COBR)10%, L5 15%,
2,6-diamine-Pyridine  30% was used, flash column
chromatography (Si© 2% ethyl acetate in petroleum ether)
provided this compound in 54% yield (69.7 mg, 0.b&@ol) as
foam solid.

IR (KBr) v=2971, 2927, 1704, 1485, 1394, 1256, 1158, 890,
761."H NMR (600 MHz, Chloroform-d): 5 7.43 (bs, 1H), 6.73
(dd,3=9.0, 3.0 Hz, 1H), 6.66 (d, = 3.0 Hz, 1H), 5.98 (s, 1H),
5.56 (td,J = 16.8, 7.8 Hz, 1H), 5.05 (d,= 16.8 Hz, 1H), 4.99 (d,
J =10.8 Hz, 1H), 3.78 (s, 3H), 3.71 (di= 10.8, 7.8 Hz, 1H),
2.85 (td,J = 11.4, 5.4 Hz, 1H), 2.50-2.47 (m 1H), 2.40 (d&
13.8, 7.8 Hz, 1H), 2.03-1.93 (m, 2H), 1.54 (s, 9H),71(g 9H).
¥C NMR (150 MHz, Chloroform-d): & 156.1, 153.9, 152.5,
136.6, 133.0, 118.7, 112.6, 109.1, 80.9, 80.1,,5856, 42.5,
28.4, 28.3.HRMS (ESI) exact mass calculated for [M¥H
(Ca4H35N20s): miz 431.2540; found: 431.2576.

4211 Di-tert-butyl(3aS)-5-methoxy-3a-(2-phenylallyl)-
2,3,3a,8a-tetrahydropyrrolo[2,3-b]  indole-1,8-dicarboxylate
(4b)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 58%
yield (88.2 mg, 0.174 mmol) as foam solid. mp: 11B°C.

IR (KBr) v=2971, 2929, 1704, 1476, 1390, 1158, 889, #30.
NMR (600 MHz, Chloroform-d): & 7.36 (bs, 1H), 7.22-7.15 (m,
5H), 6.62 (dd,) = 8.8, 2.6 Hz, 1H), 6.43 (d,= 1.2 Hz, 1H), 6.06
(s, 1H), 5.21 (s, 1H), 5.04 (s, 1H), 3.65 (s, 3H), B&ED (M,
1H), 3.02 (dJ = 13.7 Hz, 1H), 2.84 (d] = 13.7 Hz, 1H), 2.76-
2.71 (m, 1H), 1.83-1.81 (m, 2H), 1.57 (s, 9H), 1.469)."C
NMR (150 MHz, Chloroform-d): & 155.6, 153.7, 152.3, 144.9,
142.0, 136.3, 128.0, 127.1, 126.2, 117.6, 112.9,51.(80.7, 80.2,
56.8, 55.4, 45.7, 43.1, 28.3, 28.AIRMS (ESI) exact mass
calculated for [M+H] (CsHsN,Os): m/z 507.2583; found:
507.2845.

4.2.12 Di-tert-butyl3a-(2-(4-fluorophenyl) allyl)-5-methoxy-
2,3,3a, 8a-tetrahydropyrrolo [2,3-b] indole-1,8-dicarboxylate
(4)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 56%
yield (88.1 mg, 0.168 mmol) as foam solid.

IR (KBr) v=2963, 2929, 1700, 1498, 1395, 1259, 8BBNMR
(600 MHz, Chloroform-d): & 7.40 (bs, 1H), 7.07 (s, 2H), 6.87 (t,
J = 7.8 Hz, 2H), 6.61 (d] = 8.4 Hz, 1H), 6.41 (s, 1H), 6.03 (s,



6
1H), 5.14 (s, 1H), 5.05 (s, 1H), 3.67 (s, 3H), 3.62316, 1H),
3.00 (d,J = 13.2 Hz, 1H), 2.83 (d] = 13.2 Hz, 1H), 2.77-2.73

(m, 1H), 1.88-1.87 (m, 2H), 1.56 (s, 9H), 1.46 (s, 9t0).NMR
(150 MHz, Chloroform-d): 8 162.7, 161.1, 155.7, 152.3, 144.1,
138.0, 127.9, 117.6, 114.8, 114.7, 112.7, 109.88,8D.0, 56.9,
55.5, 45.7, 43.5, 28.4, 2828F NMR (564 MHz, Chloroform-

d): 8 115.5.HRMS (ESI) exact mass calculated for [MyH
(C3oH3gFN,O5): m/z 525.2759; found: 525.2770.

4.2.13 Di-tert-butyl (3aS)-5-chlor o-3a-(2-phenylallyl)-
2,3,3a,8a-tetrahydro pyrrolo[2,3-b] indole-1,8-dicarboxylate
©®)

According tomethod A, flash column chromatography (SiQ%
ethyl acetate in petroleum ether) provided this poamd in 65%
yield (99.7 mg, 0.195 mmol) as foam solid. mp: 85G.

IR (KBr) v=2973, 2927, 1707, 1475, 1385, 1159, 893, 3.
NMR (600 MHz, Chloroform-d): & 7.40 (bs, 1H), 7.22-7.17 (m,
3H), 7.12 (dJ = 6.6 Hz, 2H), 7.00 (dd]} = 8.4, 1.8 Hz, 1H), 6.83
(d,J = 1.8 Hz, 1H), 6.07 (s, 1H), 5.21 (s, 1H), 5.04 {4),13.66-
3.63 (m, 1H), 3.04 (dJ = 13.8 Hz, 1H), 2.84 (d) = 13.8 Hz,
1H), 2.75-2.70 (m, 1H), 1.86-1.83 (m, 2H), 1.56 (s,,9H45 (s,
9H).™®C NMR (150 MHz, Chloroform-d): §153.6, 152.0, 144.8,
1415, 141.4, 135.9, 128.1, 127.9, 127.5, 127.%.212123.8,
117.8, 81.4, 80.1, 56.7, 45.8, 43.3, 38.3, 28.32.28HRMS
(ESI) exact mass calculated for [MHH(CgH3sCIN,O,): m/z
511.2358; found: 511.2341.

4214 Di-benzyl (3aS)-3a-(2-phenylallyl)-2,3,3a,8a-
tetrahydropyr rolo [2,3-b] indole -1,8- dicarboxylate (6)

According tomethod A, flash column chromatography (SiG3%
ethyl acetate in petroleum ether) provided this poamd in 42%
yield (68.6 mg, 0.126 mmol) as foam solid.

IR (KBr) v=1707, 1410, 1265, 1095, 904, 748, 638 NMR
(600 MHz, Chloroform-d): & 7.63 (bs, 1H), 7.36-7.30 (m, 10H),
7.15 (d,J = 4.8 Hz, 4H), 7.11 (m, 2H), 7.01 (@~ 7.8 Hz, 1H),
6.93 (t,J = 7.2 Hz, 1H), 6.09 (s, 1H), 5.11 (s, 2H), 5.03Jd;
12.0 Hz, 2H), 4.91 (s, 2H), 3.75-3.72 (m, 1H), 3.01)¢ 8.4
Hz, 1H), 2.87-2.82 (m, 2H), 1.98-1.91 (m, 2HC NMR (150
MHz, Chloroform-d): & 154.4, 153.1, 144.6, 142.0, 141.4,
137.8, 136.5, 136.2, 134.0, 128.3, 128.1, 128.0,92127.3,
126.1, 123.3, 117.9, 116.5, 67.2, 66.9, 45.9, 43507.HRMS
(ESI) exact mass calculated for [MHH(CasHzN,Os): m/z
545.2435; found: 545.2435.

4215 Methyl (3aS)-3a-(2-phenylallyl)-8-tosyl-3,3a,8,8a-
tetrahydro pyrrolo [2,3-b] indole-1(2H)-car boxylate (7)

According to method A, flash column chromatography (SiO
10% ethyl acetate in petroleum ether) provided ¢bimpound in
63% yield (92.3 mg, 0.189 mmol) as foam solid. &p:53°C.

Tetrahedron

According tomethod A, flash column chromatography (SiG%
ethyl acetate in petroleum ether) provided this goamd in 51%
yield (60.0 mg, 0.153 mmol) as colorless oil.

IR (KBr) v=2922, 2853, 1716, 1449, 1380, 1257, 7HINMR
(600 MHz, Chloroform-d): 6 7.60 (bs, 1H), 7.24-7.21 (m, 3H),
7.19-7.14 (m, 3H), 7.01 (d,= 6.0 Hz, 1H), 6.93 () = 12.0 Hz,
1H), 5.92 (s, 1H), 5.20 (s, 1H), 4.92 (s, 1H), 3.763(), 3.67-
3.66 (M, 1H), 3.65 (s, 3H), 2.99 @@= 12.0 Hz, 1H), 2.88 (d] =
12.0 Hz, 1H), 2.82-2.77 (m, 1H), 1.96-1.95 (m, 2B NMR
(150 MHz, Chloroform-d): 3 153.8, 144.6, 144.5, 142.1, 141.5,
134.0, 128.4, 128.3, 127.5, 127.4, 126.3, 126.3.3,2118.1,
116.3, 57.0, 52.6, 52.5, 45.8, 43.2, 431RM S (ESI) exact mass
calculated for [M+H] (CyHsN,0,): m/z 393.1809; found:
393.1823.

4217 8-(Tert-butyl) 1-methyl (3aS)-3a-(2-phenylallyl)-
2,3,3a,8a-tetrahydropyrrolo [2,3-b] indole-1,8-dicarboxylate
9

According tomethod A, flash column chromatography (SiG3%
ethyl acetate in petroleum ether) provided this poamd in 66%
yield (86.0 mg, 0.198 mmol) as foam solid. mp: &°@.

IR (KBr) v=2961, 2924, 1693, 1454, 1398, 1154, 906, #46.
NMR (600 MHz, Chloroform-d): & 7.54 (bs, 1H), 7.24-7.19 (m,
5H), 7.12 (tJ = 12.0 Hz, 1H), 6.96 (d] = 6.0Hz, 1H), 6.87 ()

= 6.0 Hz, 1H), 5.99 (s, 1H), 5.24 (s, 1H), 5.00 (s, 13463 (s,
3H), 3.66 (m, 1H), 3.00 (d] = 13.8 Hz, 1H), 2.85 (d] = 13.8
Hz, 1H), 2.80-2.75 (m, 1H), 1.91-1.88 (m, 2H), 1.569(d)."C
NMR (150 MHz, Chloroform-d): & 155.1, 152.3, 144.8, 142.4,
141.8, 134.2, 128.2, 127.3, 126.2, 123.2, 122.9,8,1116.5,
81.1, 57.0, 52.4, 45.9, 42.9, 28.BRMS (ESI) exact mass
calculated for [M+N§ (C,sH3oN,NaQ,): m/z 457.2098; found:
457.2075.

4218 8-Benzyl-1-methyl (3aS)-3a-(2-phenylallyl)-2,3,3a,8a-
tetrahydro pyrrolo[2,3-b] indole-1,8-dicar boxylate (10)

According tomethod A, flash column chromatography (SiG3%
ethyl acetate in petroleum ether) provided this poamd in 62%
yield (87.2 mg, 0.186 mmol) as colorless oil.

IR (KBr) v=2948, 1706, 1398, 1265, 1030, 902, 751, 7HO.
NMR (600 MHz, Chloroform-d): 8 7.60 (bs, 1H), 7.43-7.41 (m,
2H), 7.37 (tJ = 7.2 Hz, 2H), 7.32 ( = 7.2 Hz, 1H), 7.17-7.11
(m, 6H), 7.00 (dJ = 7.2 Hz, 1H), 6.90 (1) = 7.2 Hz, 1H), 6.01
(s, 1H), 5.22 (s, 2H), 5.13 (s, 1H), 4.91 (s, 1H), 3B8H), 3.45
(s, 3H), 3.01 (dJ = 13.8 Hz, 1H), 2.86 (dJ = 13.8 Hz, 1H),
2.82-2.76 (m, 1H), 1.96-1.92 (m, 2HYC NMR (150 MHz,
Chloroform-d): & 155.0, 153.1, 152.9, 144.6, 142.0, 141.4,
136.2, 134.0, 128.4, 128.3, 128.2, 128.1, 128.0,.4,2127.3,
126.2, 126.1, 123.3, 117.9, 116.4, 67.4, 57.1,,52528, 43.2,
43.1. HRMS (ESI) exact mass calculated for [M¥H

IR (KBr) v=2925, 1708, 1598, 1449, 1374, 1168, 1000, 762(CsHsoN,0,): m/z 469.2122; found: 469.2131.

662, 574H NMR (600 MHz, Chloroform-d): 8 7.70 (bs, 2H),
7.49 (s, 1H), 7.23 (d] = 6.0 Hz, 5H), 7.18 (tJ = 6.0 Hz, 1H),
7.14 (s, 2H), 6.91 (d] = 24.0 Hz, 2H), 5.91 (s, 1H), 5.19 §t=
6.0 Hz, 1H), 4.67 (s, 1H), 3.66-3.61 (m, 4H), 2.72 {te, 12.0,
6.0 Hz, 1H), 2.67 (d) = 12.0 Hz, 1H), 2.35 (s, 3H), 2.29 @F
18.0 Hz, 1H), 1.85-1.79 (m, 1H), 1.68 (dids 18.0, 6.0 Hz, 1H).
C NMR (150 MHz, Chloroform-d): & 154.6, 143.9, 143.8,
141.5, 137.0, 135.1, 129.5, 128.5, 128.2, 127.4.9,2126.2,
124.3, 118.1, 116.8, 83.2, 57.9, 52.4, 45.7, 43627, 35.3, 21.4.
HRMS (ESI) exact mass calculated for [M+Wla
(CygH2eN2NaG,S): m/z 511.1662; found: 511.2437.

4.2.16 Di-methyl (3aS)-3a-(2-phenylallyl)-2,3,3a,8a-
tetrahydropyr rolo[2,3-b] indole-1,8- dicar boxylate (8)

4219 Di-tert-butyl  (3aS)-8a-methyl-3a-(2-phenylallyl)-
2,3,3a,8a-tetrahydropyrrolo [2,3-b] indole-1,8-dicarboxylate
(11)

According tomethod A, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 45%
yield (66.3 mg, 0.135 mmol) as foam solid. mp: 4.

IR (KBr) v=2979, 2929, 1705, 1475, 1375, 1150, 1056, 849,
748."H NMR (600 MHz, Chloroform-d): & 7.65 (bs, 1H), 7.33-
7.28 (m, 4H), 7.26-7.24 (m, 1H), 7.12Jt 7.8 Hz, 1H), 6.89 (d,

J = 6.6 Hz, 1H), 6.84 (1) = 7.8 Hz, 1H), 5.24 (s, 1H), 4.68 (s,
1H), 3.25 (s, 1H), 2.93 (d,= 12.0 Hz, 1H), 2.65 (d] = 6.0 Hz,
1H), 2.45 (d,J = 12.0 Hz, 1H), 1.98 (s, 3H), 1.70-1.64 (m, 2H),



1.60 (s, 9H), 1.40 (s, 9HYC NMR (150 MHz, Chlorofor m-d): IR (KBr) »=2960, 1708, 1607, 1264, 1171, 1111, 1027, 849,
8 152.5, 144.1, 142.3, 133.3, 128.3, 127.7, 12726,4, 124.3, 771'H NMR (600 MHz, Chloroform-d): 8 7.98 (d,J = 9.0 Hz,
122.0, 118.4, 89.5, 81.0, 58.7, 45.9, 39.3, 28G6.2HRMS  2H), 6.91 (d,J = 9.0 Hz, 2H), 6.33 (dt) = 16.8, 10.2 Hz, 1H),
(ESI) exact mass calculated for [MHH(CsHsN,O,): m/z  6.06 (dd,J = 15.0, 10.8 Hz, 1H), 5.76-5.71 (m, 1H), 5.10J¢
491.2904; found: 491.2916. 16.8 Hz, 1H), 4.98 (d] = 10.2 Hz, 1H), 4.35 () = 7.2 Hz, 2H),
4220  Tertbutyl  (3aS)-3a-(2-phenylaliy)-233a8a  oo0 (S 3H), 2.06 (A = 7.2 Hz, 2H), 1.69 (U = 7.2 Hz, 2H),

. 0.97 (s, 6H)C NMR (150 MHz, Chloroform-d): & 166.4,
tetrahydro-8H-furo [2,3-b] indole -8 -carboxylate (12) 163.2? 137.1), 1336, 131(.5, 1313, 122.8, 115.3,51?131.9, 554,

According tomethod A, flash column chromatography (SiG®%  45.6, 39.7, 33.1, 27.HRMS (ESI) exact mass calculated for
ethyl acetate in petroleum ether) provided this goumd in 47%  [M+H] (C1gH,505): m/z 287.1798; found: 287.1807.

yield (53.2 mg, 0.141 mmol) as foam solid. 4224 (E)-33-Dimethylocta-5,7-dien-1-yl 4-acetylbenzoate
IR (KBr) »=2975, 2930, 2870, 1706, 1480, 1388, 1161, 1029(16)
906, 755, 703H NMR (600 MHz, Chioroform-d):  7.74 (bs,
1H), 7.25-7.17 (m, 6H), 7.06 (d,= 7.2 Hz, 1H), 6.92 (s, 1H),
5.52 (s, 1H), 5.11 (s, 1H), 4.88 (s, 1H), 3.87@ 7.8 Hz, 1H),
3.36-3.32 (m, 1H), 3.09 (d, = 13.2 Hz, 1H), 2.97 (d] = 13.8
Hz, 1H), 2.17-2.03 (m, 2H), 1.45 (s, 9¥C NMR (100 MHz, IR (KBr) »=2961, 2925, 1722, 1692, 1271, 1113, 1010, 958,
Chloroform-d): & 151.9, 145.1, 142.9, 1419, 133.3, 128.2,769, 697*H NMR (600 MHz, Chloroform-d): 5 8.10 (dJ = 8.4
127.4, 126.4, 1235, 122.4, 117.7, 114.2, 96.08,887.1, 56.2, Hz, 2H), 7.9 (d,) = 8.4 Hz, 2H), 6.33 (dt) = 16.8, 10.2 Hz,
43.4, 39.8, 28.3HRMS (ESI) exact mass calculated for [MH  1H), 6.06 (dd,) = 15.0, 10.8 Hz, 1H), 5.75-5.70 (m, 1H), 5.10 (d,
(C,4H26NOs3): m/z 378.2064; found: 378.2074. J=16.8 Hz, 1H), 4.98 (d] = 10.2 Hz, 1H), 4.40 (1] = 7.8 Hz,

. 2H), 2.63 (s, 3H), 2.06 (d} = 7.8 Hz, 2H), 1.72 () = 7.8 Hz,
4221 1, &Ditert-butyl ~2-methyl ~(3aS)-3a-(2-(2= 53" 5 98 (s 6H)C NMR (150 MHz, Chloroform-d):  197.5,
methoxyphenyl)  allyl)-2.3 3a.8a-  tetrahydropyrrolof23-b] 1658 "140.1, 137.0, 134.2, 133.7, 131.1, 129.B.212115.3,
indole-1,2,8-tricarboxylate (13) 62.7, 45.6, 39.6, 33.1, 27.2, 26 BRMS (ESI) exact mass
According tomethod A, flash column chromatography (Si®%  calculated for [M+H] (CioH,s05): m/z 301.1798; found:
ethyl acetate in petroleum ether) provided this poumd in 56%  301.1800.

yield (94.5 mg, 0.168 mmol) as foam solid. mp: G'@. 4.2.25 (E)-4-(3,3-Dimethylocta-5,7-dien-1-yl) phenol (17)

IR (KBr) v=2968, 2926, 2859, 1715, 1483, 1400, 1159, 1021 . .
903, 750!H NMR (600 MHz, Chioroform-d): & 7.48 (bs, 1H), According tomethod B, flash column chromatography (Si®%

: . : ; 0
7.16 (1.J = 12.0 Hz, 1H), 7.10 (4 = 6.0 Hz, 1H), 6.90 (dd] = ethyl acetate in petroleum ether) provided this poamd in 52%

18.0, 6.0 Hz, 2H), 6.82 (1 = 6.0 Hz, 1H), 6.78 (t) = 6.0 Hz, yield (35.9 mg, 0.156 mmol) as colorless oil.

1H), 6.74 (dJ = 6.0 Hz, 1H), 6.02 (s, 1H), 5.09 (s, 1H), 5.07 (s,IR (KBr) v=3363, 2953, 2862, 1605, 1511, 1453, 1231, 1005,
1H), 3.79-3.75 (m, 1H), 3.76 (s, 3H), 3.67 (s, 3H)4311J=6.0 835.'H NMR (600 MHz, Chloroform-d): 8 7.05 (d,J = 7.8 Hz,

Hz, 1H), 2.73 (dJ = 18.0Hz, 1H), 2.28 (q] = 6.0 Hz, 1H), 2.01 2H), 6.76 (d,J = 8.4 Hz, 2H), 6.35 (dt) = 16.8, 10.2 Hz, 1H),

(t, 3= 12.0 Hz, 1H), 1.59 (s, 9H), 1.37 (s, 9HC NMR (150  6.08 (dd,J = 15.0, 10.2 Hz, 1H), 5.78-5.73 (m, 1H), 5.12J¢
MHz, Chloroform-d): 8 173.0, 156.0, 152.3, 144.1, 141.9, 16.8 Hz, 1H), 4.99 (d] = 10.2 Hz, 1H), 2.52-2.49 (m, 2H), 2.06
134.8, 131.3, 129.9, 128.5, 128.2, 123.0, 120.6.012110.4, (d,J = 7.8 Hz, 2H), 1.49-1.46 (m, 2H), 0.95 (s, 6HL NMR
81.2, 80.5, 65.3, 59.4, 55.2, 51.9, 42.9, 41.93,288.2.HRMS (150 MHz, Chloroform-d): & 153.3, 137.2, 135.5, 133.2, 132.0,
(ESI) exact mass calculated for [MHH(C3HiN,O;): m/z  129.3, 115.1, 114.9, 45.1, 44.4, 33.8, 29.7, 2ARMS (ESI)
565.2908; found: 565.2929. exact mass calculated for [M¥H(CyeHp30): miz 231.1743;

4.2.22 (E)-3,3-Dimethylocta-5,7-dien-1-yl benzoate (14) found: 231.1746.

According tomethod B, flash column chromatography (SiC1% 4.2.26 (E)-6,6-Dimethytrideca-1,3-diene (18)
ethyl acetate in petroleum ether) provided this goamd in 78%  According to method B, flash column chromatography (SiO
yield (60.5 mg, 0.234 mmol) as colorless oil. 0.5% ethyl acetate in petroleum ether) provides toimpound in

IR (KBr) v=2959, 2925, 2862, 1715, 1226, 1114, 947, a4, +1%0 Yield (25.6 mg, 0.123 mmol) as colorless oil.

NMR (600 MHz, Chloroform-d): 5 8.03 (d,J = 7.2 Hz, 2H), IR (KBr) »v=2926, 2859, 1703, 1462, 1374, 977, 7B24NMR
7.55 (t,J = 7.2 Hz, 1H), 7.43 (t) = 7.2 Hz, 2H), 6.33 (dt] = (600 MHz, Chloroform-d): & 6.33 (dt,J = 16.8, 10.2 Hz, 1H),
17.4, 10.2 Hz, 1H), 6.07 (dd,= 15.0, 10.2 Hz, 1H), 5.77-5.71 6.03 (dd,J = 15.6, 10.2 Hz, 1H), 5.74-5.69 (m, 1H), 5.09J&
(m, 1H), 5.11 (dJ = 10.8 Hz, 1H), 4.98 (d] = 10.2 Hz, 1H), 16.8 Hz, 1H), 4.96 (d] = 10.2 Hz, 1H), 1.96 (dl = 7.2 Hz, 2H),
4.38 (t,J=7.8 Hz, 2H), 2.07 (d)=7.8 Hz, 2H), 1.71 () =7.8  1.32-1.22 (m, 12H), 0.89 ( = 7.2 Hz, 3H), 0.84 (s, 6H§3.C
Hz, 2H), 0.98 (s, 6H)1.3C NMR (150 MHz, Chloroform-d): & NMR (150 MHz, Chloroform-d): 6 137.4, 133.0, 132.5, 114.6,
166.6, 137.1, 133.7, 132.8, 131.2, 130.4, 129.8.3,2115.2, 45.2, 42.0, 33.7, 31.9, 30.5, 27.1, 24.0, 22.71.14RMS (ESI)
62.2, 45.6, 39.7, 33.1, 27.BIRMS (ESI) exact mass calculated exact mass calculated for [M¥HC1sH,0): m/z 209.2264; found:

According tomethod B, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this goamd in 50%
yield (45.1 mg, 0.150 mmol) as colorless oil

for [M+H"] (C17/H,40,): m/iz 259.1693; found: 259.1693. 209.2266.
4.2.23 (E)-3,3-Dimethylocta-5,7-dien-1-yl 4-methoxybenzoate  4.2.27 (E)-3,3-Dimethylocta-5,7-dien-1-yl 4-methylbenzene
(15 sulfonate (19)

According tomethod B, flash column chromatography (SiQ%  According tomethod B, flash column chromatography (SiG®%
ethyl acetate in petroleum ether) provided this poamd in 53%  ethyl acetate in petroleum ether) provided this gpoumd in 70%
yield (45.9 mg, 0.159 mmol) as colorless oil. yield (64.8 mg, 0.210 mmol) as colorless oil.
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IR (KBr) v=3384, 2958, 2928, 1719, 1600, 1453, 1173, 112555.9, 45.8, 41.2, 28.4, 28.BRMS (ESI) exact mass calculated

1037, 1003, 816, 680, 5621 NMR (600 MHz, Chlorofor m-d):

8 7.78 (d,J = 8.4 Hz, 2H), 7.34 (d] = 7.8 Hz, 2H), 6.27 (dt] =
17.4, 10.2 Hz, 1H), 5.97 (dd,= 15.6, 10.2 Hz, 1H), 5.62-5.57
(m, 1H), 5.08 (dJ = 16.8 Hz, 1H), 4.98 (dJ = 10.2 Hz, 1H),
4.08 (t,J = 7.8 Hz, 2H), 2.45 (s, 3H), 1.92 @= 7.8 Hz, 2H),
1.57 (t,J = 7.8 Hz, 2H), 0.85 (s, 6HY°C NMR (150 MHz,

for [M+H™] (CpsH34CIN,O,): m/z 461.2202; found: 461.2213.

4.2.31 8-(Tert-butyl) 1-methyl (3aS)-3a-((E)-penta-2,4-dien-1-
yl)-2,3,3a,8a-tetrahydro pyrrolo[2,3-b] indole-1,8-
dicarboxylate (23)

According tomethod B, flash column chromatography (Si®%

Chloroform-d): & 144.7, 136.9, 133.8, 133.1, 130.6, 129.8,ethyl acetate in petroleum ether) provided this poumd in 49%

127.8, 115.4, 67.9, 45.3, 39.6, 33.0, 27.0, 2HBMS (ESI)
exact mass calculated for [M¥H(Cy7H505S): m/z 309.1519;
found: 309.1529.

4.2.28 (E)-3,3-Dimethylocta-5,7-dien-1-yl 6-bromohexanoate
(20)

According tomethod B, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 47%
yield (46.7 mg, 0.141 mmol) as colorless oil.

yield (56.5 mg, 0.147 mmol) as foam solid. mp: TG,

IR (KBr) v=2924, 2858, 1707, 1450, 1394, 1156, 1011, #52.
NMR (600 MHz, Chloroform-d): § 7.61 (bs, 1H), 7.22 (4] =
7.2 Hz, 1H), 7.10 (dJ = 1.2 Hz, 1H), 7.04 (t) = 7.2 Hz, 1H),
6.20 (dt,J = 16.8, 10.2 Hz, 1H), 6.06 (dd= 15.0, 10.8 Hz, 1H),
5.96 (s, 1H), 5.47-5.42 (m, 1H), 5.10 (= 17.4 Hz, 1H), 4.98
(d, J = 10.2 Hz, 1H) 3.75 (dd,J = 10.2, 8.4 Hz, 1H), 3.71 (s,
3H), 2.90 (tdJ = 12.0, 5.4 Hz, 1H), 2.52 (dd,= 13.8, 7.2 Hz,
1H), 2.44 (ddJ = 14.4, 8.4 Hz, 1H), 2.12 (dd,= 6.6, 5.4 Hz,

IR (KBr) v=2951, 2866, 1730, 1460, 1362, 1258, 1178, 9781H), 2.04-1.99 (m, 1H), 1.55 (s, 9HfC NMR (150 MHz,

732, 650'H NMR (600 MHz, Chloroform-d): & 6.32 (dt,J =
17.4, 10.2 Hz, 1H), 6.04 (dd,= 15.0, 10.2 Hz, 1H), 5.72-5.67
(m, 1H), 5.10 (dJ = 16.8 Hz, 1H), 4.98 (dJ = 10.2 Hz, 1H),
4.12 (t,J = 7.8 Hz, 2H), 3.53 () = 6.6 Hz, 2H), 2.30 () = 7.8
Hz, 2H), 2.00 (dJ = 7.8 Hz, 2H), 1.78 (t) = 7.8 Hz, 2H), 1.64
(t, J= 7.8 Hz, 2H), 1.55 (t) = 7.8 Hz, 2H), 1.48-1.45 (m, 2H),
0.91 (s, 6H).*C NMR (150 MHz, Chloroform-d): & 173.5,
137.1, 133.6, 131.2, 115.2, 61.6, 45.5, 44.7, 3842, 33.0,
32.2, 27.1, 26.4, 24.HRMS (ESI) exact mass calculated for
[M+H"] (C¢H,sBrO,): m/z 331.1267; found: 331.2363.

4.2.29 Di-tert-butyl (3aS)-3a-((E)-penta-2,4-dien-1-yl)-
2,3,3a,8a-tetrahydropyrrolo[2,3-b]  indole-1,8-dicarboxylate
(21)

According tomethod B, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this poamd in 67%
yield (85.7 mg, 0.201 mmol) as foam solid.

Chloroform-d): & 155.1, 152.3, 142.7, 136.5, 134.9, 134.5,
128.5, 128.4, 123.4, 122.7, 116.8, 116.5, 81.3,796.6, 52.4,
45.8, 41.2, 28.3HRMS (ESI) exact mass calculated for [M¥H
(Cy2H29N04): miz 385.2122; found: 385.2142.

4.2.32 1,8-di-tert-butyl 2-methyl (2S,3aS,8aR)-3a-((E)-penta-
2,4-dien-1-y1)-2,3,3a,8a- tetrahydropyrrolo[2,3-b] indole-
1,2,8-tricarboxylate (24)

According to method B, flash column chromatography (SiO
10% ethyl acetate in petroleum ether) provided ¢bimpound in
58% yield (84.3 mg, 0.174 mmol) as foam solid. @®:75°C.

IR (KBr) v=2973, 2925, 2856, 1749, 1711, 1335, 1158, 1011,
900, 749'H NMR (600 MHz, Chloroform-d): § 7.62 (bs, 1H),
7.24 (t,J = 7.8 Hz, 1H), 7.10 (d) = 6.6 Hz, 1H), 7.05 ( = 7.8

Hz, 1H), 6.22-6.15 (m, 1H), 6.02-5.98 (m, 2H), 5.4495(n,
1H), 5.08 (dJ = 17.4 Hz, 1H), 4.97 (d] = 10.2 Hz, 1H), 3.89
(dd, J = 10.8, 6.6 Hz, 1H), 3.71 (s, 3H), 2.53 (dds 12.6, 6.6

IR (KBr) v=2978, 2929, 1703, 1482, 1398, 1364, 1172, 1007Hz, 1H), 2.46-2.37 (m, 2H), 2.10 (dd,= 12.6, 10.2 Hz, 1H),

893, 746'H NMR (600 MHz, Chloroform-d): 5 7.58 (bs, 1H),
7.20 (t,J = 7.2 Hz, 1H), 7.09 (d] = 7.2 Hz, 1H), 7.01 (§ = 7.2
Hz, 1H), 6.20 (dtJ = 17.4, 10.2 Hz, 1H), 6.07-6.02 (m, 2H),
5.51-5.46 (m, 1H), 5.08 (d| = 16.8 Hz, 1H), 4.96 (d] = 10.2
Hz, 1H) 3.73 (dd,J = 11.4, 7.8 Hz, 1H), 2.84 (td,= 12.0, 5.4
Hz, 1H), 2.55-2.52 (m, 1H), 2.44 (dd,= 13.8, 8.4 Hz, 1H),
2.04-1.95 (m, 2H), 1.55 (s, 9H), 1.47 (s, 9HL NMR (150
MHz, Chloroform-d): & 153.9, 152.4, 142.9, 136.6, 134.7,
128.7, 128.2, 123.1, 122.9, 116.2, 81.3, 79.9,,658538, 42.0,
41.3, 28.4, 28.3HRM S (ESI) exact mass calculated for [M¥H
(CasH35N204): miz 427.2591; found: 427.2606.

4.2.30 Di-tert-butyl (3aS)-5-chloro-3a-((E)-penta-2,4-dien-1-
yl)-2,3,3a,8a-tetrahydro pyrrolo[2,3-b] indole-1,8-
dicarboxylate (22)

According tomethod B, flash column chromatography (Si®%
ethyl acetate in petroleum ether) provided this goamd in 45%
yield (62.2 mg, 0.135 mmol) as foam solid. mp: 89°O.

1.55 (s, 9H), 1,39 (s, 9HYC NMR (150 M Hz, Chlorofor m-d):

8 173.1, 152.3, 142.2, 136.5, 135.0, 132.6, 12825.8, 122.7,
118.6, 116.6, 81.4, 80.3, 59.3, 52.1, 40.7, 3582.2HRMS
(ESI) exact mass calculated for [MHH(CyHsN,Op): m/z
485.2646; found: 485.2674.

4.2.33 Methyl 1-(2-phenylallyl) cyclopropane-1-carboxylate
(25

According tomethod A, flash column chromatography (SiC1%
ethyl acetate in petroleum ether) provided this poamd in 52%
yield (33.7 mg, 0.156 mmol) as colorless oil.

IR (KBr) v=2941, 1766, 1723, 1445, 1355, 1212, 1152, 756,
701."H NMR (500 MHz, Chloroform-d): & 7.44-7.42 (m, 2H),
7.36-7.33 (m, 2H), 7.31-7.29 (m, 1H), 5.37 Jds 1.0 Hz, 1H),
5.16 (d,J = 1.5 Hz, 1H), 3.66 (s, 3H), 2.86 (s, 2H), 1.30J&

7.0 Hz, 2H), 0.79 (gJ) = 7.0 Hz, 2H)*C NMR (125 MHz,
Chloroform-d): & 175.5, 145.7, 141.9, 128.2, 127.4, 126.0,
113.1, 51.9, 37.6, 22.0, 15MRMS (ESI) exact mass calculated

IR (KBr) v=2976, 2927, 1711, 1480, 1396, 1316, 1250, 1160for [M+H"] (C,4H,70,): m/z 217.1223; found: 217.1225.

1020, 891, 754H NMR (600 MHz, Chloroform-d): 5 7.53 (bs,
1H), 7.16 (dd,) = 8.4, 1.8 Hz, 1H), 7.05 (d,= 1.8 Hz, 1H), 6.20
(dt, J = 16.8, 10.2 Hz, 1H), 6.08-6.03 (m, 2H), 5.46-5.41 1),
5.10 (d,J = 16.8 Hz, 1H), 4.98 (d = 10.2 Hz, 1H) 3.75 (ddJ
=11.4, 7.2 Hz, 1H), 2.85 (td,= 12.0, 5.4 Hz, 1H), 2.55-2.52 (m,

1H), 2.43 (ddJ = 13.8, 8.4 Hz, 1H), 1.99-1.96 (m, 2H), 1.54 (s,

9H), 1.46 (s, 9H)"*C NMR (150 MHz, Chloroform-d): & 153.8,
152.1, 141.6, 136.4, 135.1, 128.2, 123.1, 116.67,80.1, 56.4,
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