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Abstract A direct and structurally divergent synthesis of indole alkaloids from very simple 2-vinylanilines, alkynes
and TBN via a novel substrate fragmentation/cycloaddition strategy has been developed, which provides an efficient
noble-metal-free approach to access a library of highly valuable indole derivatives of tryptamines and trypta-

mine-related  oximes, lactams, and
hexa-hydropyrrolo[2,3-b]indoles.
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well as  P-carbolines, spiroindolines, and
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Construction of chemical bond is the core issue of
ynthetic chemistry.™] Employing the strategy of bond
eavage and reassembly, chemists would have a chance
synthesize more complex compounds from very sim-
e starting materials in a highly efficient manner. This
is undoubtedly very attractive, but it is very challenging
because the complicated fragmentation of the substrates
a C-C bond cleavage®® and selective reassembly
must be precisely controlled.

As a ubiquitous and key structural motif in nature,
doles are the structural cores in natural products and
ugst, including tryptamine (Tryp) derivatives such as
silocin, psilocybin, and triptans; B-carbolines such as
arinacarbolin A-D, Flazin and Flazinamide; spiroox-
doles such as horsfiline and coerulescine; hexahydro-

rrolo[2,3-blindoles such as (-)-psychotriasine!. The
H/eparatlon of divergent indole alkaloids is therefore an
portant strategy in drug discovery and development.
wever, most of the current synthetic strategies for
sing indole alkaloids suffer from limitations such
noble-metal catalysis, starting from indole complex
Ubstrates and multiple synthetic steps. Moreover, in
most cases, only one carbon skeleton was constructed
former methods It has been shown that the collec-
n synthesis® are powerful strategles to prepare
ructurally diverse compounds® from a common mo-
ular scaffold. However, so far, direct access to struc-
raIIy divergent indole alkaloids from readily available

emicals has not been achieved.
Encouraged by our studies of C=C triple bond
cleavage,” we hypothesized that trypthamines and
lated indole alkaloids could be synthesized from
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simple and readily available alkynes and an appropriate
nitrogen source (Scheme 1). However, several
challenges associated with this strategy should be
addressed: 1) substrate fragmentation and reassembly is
required to enable the formation of complex products; 2)
the chemo-, regio- and stereo-selectivity should be
precisely controlled; and 3) as many structurally
divergent indole alkaloids as possible should be
prepared by this strategy from the same simple
precursors. Herein, we present a direct synthesis of
structurally divergent indole alkaloids from simple
three-component reaction via four or five bonds
formation (Scheme 1).

Scheme 1. Structurally divergent synthesis of indole

alkaloids
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Experimental

We initially investigated the reactions of
2-vinylaniline 1a and dimethyl acetylenedicarboxylate
2a with different N-partners in HFIP. Unfortunately,
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some common N-sources, such as NaNO,;, AgNO,,
TMSN3;, TsN3, and BocNHOH did not provide the de-
sired tryptamine derivative products (see Sl). Interest-
ingly, in the presence of tBuONO, which is widely em-
ployed in nitration reactions®®!, the trypthamine-related
oxime product 3a was obtained in 90% yield (see SI).
To our delight, by using a simple tandem reaction with
zinc dust reduction, tryptamine derivatives 4a could be
obtained in 72% vyield (4a). Thus, highly valuable tryp-
mine derivatives could be efficiently synthesized by
is one-pot protocol.

le....

esults and Discussion

heme 2. The substrate scope of this transformation®.

COOR?
COOR? N
R + + (BUONO————— > HO

HFIP, Ar, 80 °C, 3 h R

R =H, 3a, 90% (84%, 2.4 g)
N R =Me, 3b 74% N N
R =Ph, 3¢ 88% HO HO
R = tBu, 3d, 52% COOMe COOMe
R = OMe, 3e, 85% F N Me N
R = NHAC, 3f, 65%
! R = OCFy, 39, 90%
! R=CF;, 3h,90%
! R=COOMe, 3i, 72%

: »
: I
z (e}
L w
8}12
o
5 3
z
w
o 8
s &
I
o
z
8-‘6’
o R
ER
(]

T
o\Z
V-4

Me. HO | R=Ac, 3}, 82% " FR
COOMe; R =CN, 3k, 45% COOMe COOMe
ﬁ I N | R=F,31,76% N e N
| R=Cl, 3m, 96% Faq 70% 3r, 91%
3s,51% ! R=Br, 3n,91% '
COOMe COOMe COOMe
. HO pr. HO meooc.HQ
) COOMe COOMe ) COOMe
a " N H X N
P 3t, 70% 3u, 80% 3v, 55%
COOEt coonPr COOMe COOMe
N N N
HO HO HO
COOEt COOnPr CF3 CoFs
N N N N
3w, 80% 3%, 61% 3y, 50%! 3z, 38%[°!

211 (0.24 mmol), 2 (0.24 mmol), tBUONO (0.2 mmol), HFIP (1.0
), stirred at 80 °C under Ar for 3 h. Isolated yields. ®Stirred in
mixed solvents (HFIP:DMSO = 1:1) at 120 °C under Ar for 24 h.
lated yields.

CC

With the optimied reaction conditions in hand (Table
entry 4), we subsequently investigated the substrate
The scope of these two transformations was then inves-
ated (Scheme 2 and 3). Various 2-vinylanilines 1
containing different functional groups were well toler-
ated and led to the desired tryptamine derivatives and
corresponding oxime derivatives in good to excellent
yields (Scheme 2 and 3). Notably, the reactions of un-
symmetrical alkynes, such as the fluoroalkyl alkynes,
also proceeded well and produced the corresponding
products (3y-3z and 4y-4z) with high regioselectivity.
The gram scale reaction gave 3a in 84% yield. Moreo-
ver, the structure of 3a was confirmed by single-crystal
X-ray crystallography (Fig. 1).

Ac

Scheme 3. Direct synthesis of tryptamine derivatives'.

COOR?

COOR?
B 1.HFIP, Ar,80°C,3h  HN
R + ||+ BuoNO———
NH, 2. Zn (5.0 eq)
1 R! HCOOH/EtOH=1:1 R

2 RT, 12 h, air

COOR? R=H,4a,72% COOMe

HN R = Me, 4b, 70%
R R = Ph, 4c, 70%
R R=1{Bu 4d, 43% coome
N
H

R = OMe, 4e, 80%
sty R NHAG, 41, 38% 40.51%

| R = OCF;, 49, 639
cooMe ! 3, 49, 63% COOMe

HN ! R=CFy, 4h, 65% HN HoN
Mo R = COOMe, 4i, 60% E
[ o
COOMe | R =Ac, 4], 56% COOMe »
N ! R=CN, 4k, 40% N N
he M : H Me
e F

| R=F,41,58%

4s, 68% {R=cCl, 4m, 63% 49, 55% ar. 72%
{R=Branes% .
COOMe COOMe COOMe
HN H N
MeOOC
COOMe COOMe COOMe
N
H
a f x x
at, 65% 4u, 66% av, 42%
COOEt COOnPr COOMe COOMe
H,N H,N
COOEt COOnPr CF3 CoFs
N N
H H
4w, 60% 4x, 53% 4y, 30%! 4z, 20%[°!

1 (0.24 mmol), 2 (0.24 mmol), tBUONO (0.2 mmol), HFIP (1.0
mL), stirred at 80 °C under Ar for 3 h, then Zn dust (5.0 eq),
HCOOH (0.5 mL), EtOH (0.5 mL), stirr under air at RT for 12 h.
Isolated yields. ®Stirred in mixed solvents (HFIP:DMSO = 1:1)
at 120 °C for 24 h, then step 2. Isolated yields.

We envisioned that this strategy might enable the
preparation of a large number of structurally divergent
indole alkaloids from the same simple precursors by
tuning the reaction conditions via the tryptamine
intermediates. ~ Spiroindolines  represent  another
important structural motif in many natural and bioactive
compounds. o) Interestingly, when two equivalents of
isobutylnitrite was employed as the oxidant, the
corresponding spiroindolines 5a were obtained in good
yield via the construction of five distinct chemical
bonds (Scheme 4). However, using three equivalents of
tBUONO directly gave low yield. A series of different
substituents on the aromatic ring are compatible, to
provide highly functionalized spiroindolines in
moderate to good yields (5b-e). Moreover, the
spiroindoline structure of 5a was confirmed by
single-crystal X-ray crystallography (Fig. 1).

It is worth noting that when (OEt),P(=S)SH in
1,4-dioxane was added to the reaction mixture,
[B-carboline 6a was obtained in 70% yield (Scheme 5).
1-Oxo-B-carbolines are also commonly found in natural
products, pharmaceuticals, and bioactive compounds
In addition, the motif is a useful building block and is
frequently used in organic synthesis. Under these simple
reaction conditions, various substituted PB-carbolines
were efficiently prepared (6a-e; Scheme 5). Therefore,
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the current chemistry provides a practical and no-
ble-metal free approach to B-carboline alkaloids via five
distinct chemical bonds formation.

Scheme 4. Direct synthesis of spiroindoline derivatives.
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igure 1. X-ray structure of 3a and 5a.
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heme 5. Direct synthesis of B-carboline alkaloids de-
rivatives.
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action conditions: 1 (0.24 mmol), 2a (0.24 mmol), tBuONO
(0.2 mmol), HFIP (1.0 mL), stirred at 80 °C under Ar for 3 h, then
ding (OEt),P(=S)SH (0.4 mmol), 1,4-dioxane (1 mL), stirred at
0 °C for 24 h. Isolated yields.

To further investigate the applications and efficiency
this strategy, we then evaluated the possibility of
reparing more structurally divergent indole alkaloids
rough 1-2 derivatization steps from trypthamine ox-
ife derivative 3 (Scheme 6). The hydrolysis of 3a gen-
erated 7a in 81% yield. Due to the unique structure of
, direct intramolecular condensation and hydrolysis
afforded natural p-carboline alkaloid dichotomine E (7b)
in 68% vyield, dichotomine E is a potent inhibitor of NO
production™. To the best of our knowledge, the current
method represents one of the shortest synthetic route to
this compound. The biologically active B-carboline al-
kaloid 7c could also be synthesized in 40% yield; this
molecule can be isolated from the stems of picrasma
quassioides™. Moreover, 3a was oxidized to give 7d in
72% vyield. Spiroindoline derivative 7e could be ob-
tained in 67% yield by treating intermediate 5a with
NaBH,/MeOH. Moreover, direct reduction of 3a with

CC

paN

LiAlIH, gave 7f in 88% yield. To our delight, the direct
bromocyclization of tryptamine derivatives prepared
from 3a allows highly efficient synthesis of hexahydro-
pyrrolo[2,3-b]indole core 7g, which are present in di-
verse biologically active indole alkaloids such as
(—)-psychotriasine and (—)-acetylardeemin™. Thus, the
presented methodology could be a complimentary tool
to access a library of useful tryptamines and tryptamine
related oximes, lactams, and lactones as well as
[-carbolines, spiroindolines, and hexahydro-
pyrrolo[2,3-b]indoles.

Scheme 6. Further application of this transformation. For
detail conditions, see SI.

COOMe
COOEt

N=*
HO
iv i o
i COOMe 72% 81% N0
7
d 7a
MeOOC COOMe COOH
N
I N=
: N
o HO i Y,
v —_—
CHOH ~— o COOMe  68% N oH
N
H dichotomine E
7e 3a 7b
CH,OH
N=1 "
R} vii | 45%
HO vi o iii ©j€<N
CH,OH 88% 40% N OH
N H
H Br. COOMe b-carboline alkaloid
i Br. 7c
NBoc
N COOMe
Boc

79

®Reaction conditions: i, 6 M HCI (ag), EtOH, 80 °C; ii,
(OEt),P(=S)SH, 1,4-dioxane, 110 °C, then NaOH (aqg), MeOH,
RT; iii, Zn, HCOOH, EtOH, RT, then KOH, MeOH, reflux, then
AgNO3, Cu(OAc),, MeCN, H,0, 80 °C; iv, oxone, NaHCO; (aq),
acetone, 0 °C; v, isobutylnitrite, HFIP, 80 °C, then NaBH,, MeOH,
0 °C; vi, LiAIH,, THF, 0°C; g, Zn, HCOOH, EtOH, RT, then
NaOH, (Boc),0, DCM, RT, then N-Bromosaccharin, PPTS,
DCM, RT.

Then, we applied the current method to the total
syntheis of natrual products (Scheme 7).
1,3-Disubstituted-p-carboline alkaloids
marinacarbolines A-D were recently isolated from the
fermentation broth of the actinomycete
Marinactinospora thermotolerans SCSIO 00652,
belonging to the family of Nocardiopasaceae!*. These
alkaloids exhibit antiplasmodial activities against
Plasmodium falciparum lines 3D7 and Dd2. In 2013,
Hibino and co-workers reported the first total synthesis
of marinacarbolines A-D in ten steps™.. To our delight,
the marinacarbolines A-D could be efficiently
synthesized only in 5 steps on a gram scale in 50-54%
overall yields using the present method as the key step
(Scheme 7). Notably, for the synthesis of key
intermediate 9, the whole process is transition-metal
free and efficient under mild conditions. It it worth
noting that all the purification steps rely on distillation
and recrystallization, and no chromatography was
required. To the best of our knowledge, the protocol
reported herein is one of the most efficient and simplest
methods for the synthesis of B-carboline derivatives and
the related natural products marinacarbolines A-D.
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Scheme 7. Further application of this protocol in the total
synthesis of natural products.
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eagents and conditions: la was prepared from
aminophenethanol (8) with KOH by distillation in 88% yield
9.2 g) (see SI). a, la, 2a, tBUuONO, HFIP, 80 °C; b, 3a,
Et),P(=S)SH, 1,4-dioxane, 110 °C; c, 6a, POCl;, reflux; d, 9,

rl;i

, RNH,, diethyl cyanophosphonate, Et;N, DMF, RT.

According to the mechanistic studies (see Sl), the
mechanism is proposed in Scheme 8. The generated
clobutane intermediate A™®! is unstable and easily
undergoes C-C bond homolytic cleavage leading to
form a di-radical intermediate B. Subsequently, the
rmed NO radical and tBuO radical from TBN syner-
sticly react with the di-radical B to finally afford the
yptamine derivative oxime 3. With excess tBUONO or
UONO, oxime products 3 could be further oxidized by
O radical to generate oxygen radical intermediate D.
hen radical addition of the oxygen radical to double
nd of D occurs to give a new radical intermediate E,
ollowing by H radical abstract by NO or BuO radical
ding to the spiroindoline products 5. In addition, the
mine products 4 could be obtained from 3 under
duction of Zn/HCOOH conditions, and the direct
ndensation of 3 affords the -carboline products 6.
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In summary, a noble-metal free divergent synthetic
proach for accessing structurally divergent indole al-
loids, including tryptamines, tryptamine-related ox-
es, lactams, and lactones as well as -carbolines, spi-
indolines, and hexahydropyrrolo[2,3-b]indoles, has
been developed with high efficiency and selectivity. The
very simple and readily available starting materials,
vinylanilines, alkynes and TBN, were demonstrated to
be appropriate synthons for the construction of complex
compounds through the formation of 4-5 distinct bonds
via this substrate fragmentation/cycloaddition strategy.
This chemistry provides a practical protocol and shows
great potential in biological applications as well as in
drug discovery. We anticipate that this strategy could
inspire the development of additional multicomponent
reactions and open an avenue for further exploration and
utilization of small synthons in synthesis through in situ
synergistic fragmentation and reassembly.

¢

A

tributyl(1-ethoxyvinyl)tin, PdCl,(PPhs;),, Et;NCI, DMF, 100 °C; e,

Scheme 8. Proposed mechanism for synthesis of structurally
divergent indole alkaloids.

COOR?

2 2,
R*00C R*00C COOR2
N BuOH or HNO
o N
R!

V4
N \
s H or BuO- il
E H_-NoorBuy HN # 6 (R" = COOMe)

’ ‘ BuoNo " .NO + mu0. ‘ ooz
(OEt),P(=S)S!
©i\+ Rie=scooR: _BUONO. A 80°C
NH R!
5 Zn/HCOOH

2 2
COOR?

U0 COOR?
/+No
COOR2 ") COOR2
1 A\
N R N Rt
A Hc N

1a

Iz )

"formal” [2+2] cyclodation

hydroamination and
lsomerlsatlon

R
B H 4

Acknowledgement

This work is dedicated to Professor Xiyan Lu on the
occasion of his 90th birthday. Financial support from
the National Basic Research Program of China (973
Program, No. 2015CB856600), the National Natural
Science Foundation of China (21632001, 21772002),
and Peking University Health Science Center
(BMU20160541) are greatly appreciated.

References

[1] Nicolaou, K. C.; Vourloumis, D.; Winssinger, N.; Baran, P. S. Angew.
Chem. Int. Ed. 2000, 39, 44.

[2] For reviews of C-C bond cleavage, see: (a) Crabtree, R. H. Chem.
Rev. 1985, 85, 245; (b) Chen, F.; Wang, T.; Jiao, N. Chem. Rev. 2014,
114, 8613; (c) Souillart, L.; Cramer, N. Chem. Rev. 2015, 115, 9410;
(d) Jun, C.-H. Chem. Soc. Rev. 2004, 33, 610; (e) Rybtchinski, B
Milstein, D. Angew. Chem. Int. Ed. 1999, 38, 870; (f) Tobisu, M.;
Chatani, N. Chem. Soc. Rev. 2008, 37, 300; (g) Dermenci, A.; Coe, J.
W.; Dong, G. Org. Chem. Front. 2014, 1, 567; (h) Liu, H.; Feng, M.;
Jiang, X. Chem. Asian J. 2014, 9, 3360.

[3] For selected recent examples, see: () Tang, X.; Studer, A. Angew.
Chem. Int. Ed. 2018, 57, 814; (b) Bender, M.; Turnbull, B. W. H;
Ambler, B. R.; Krische, M. J. Science 2017, 357, 779; (c) Zhao, H.;
Fan, X.;Yu, J.; Zhu, C. J. Am. Chem. Soc. 2015, 137, 3490; (d)
Gozin, M.; Weisman, A.; Ben-David, Y.; Milstein, D. Nature 1993,
364, 699; (¢) Murakami, M.; Amii, H.; Ito, Y. Nature 1994, 370, 540;
(f) Xia, Y.; Lu, G.; Liu, P;; Dong, G. Nature 2016, 539, 546; (g) Lei,
Z.-Q.; Li, H,; Li, Y;; Zhang, X.-S.; Chen, K.; Wang, X.; Sun, J.; Shi,
Z.-). Angew. Chem. Int. Ed. 2012, 51, 2690; (h) Gaydou, M. A,;
Echavarren, M. Angew. Chem. Int. Ed. 2013, 52, 13468; (i) Wender,
P. A.; Correa, A. G.; Sato, Y.; Sun, R. J. Am. Chem. Soc. 2000, 122,
7815; (j) Li, H.; Li, W,; Liu, W,; He, Z.; Li, Z. Angew. Chem. Int. Ed.
2011, 50, 2975; (k) He, C.; Guo, S.; Huang, L.; Lei, A. J. Am. Chem.
Soc. 2010, 132, 8273; (I) Murphy, S. K.; Park, J.-W.; Cruz, F. A,;
Dong, V. M. Science 2015, 347, 56; (m) Sugiishi, T.; Kimura, A;
Nakamura, H. J. Am. Chem. Soc. 2010, 132, 5332; (n) Chiba, S.; Xu,
Y.-J.; Wang, Y.-F. J. Am. Chem. Soc. 2009, 131, 12886; (0) Masarwa,
A.; Didier, D.; Zabrodski, T.; Schinkel, M.; Ackermann, L.; Marek, I.
Nature 2014, 505, 199; (p) Dreis, A. M.; Douglas, C. J. J. Am. Chem.
Soc. 2009, 131, 412; (q) Tobisu, M.; Nakamura, R.; Kita, Y.; Chatani,
N. J. Am. Chem. Soc. 2009, 131, 3174; (r) Wang, J.; Chen, W.; Zuo,
S.; Liu, L.; Zhang, X.; Wang, J. Angew. Chem., Int. Ed. 2012, 51,
12334; (s) Yan, H.; Wang, H.; Li, X.; Xin, X.; Wang, C.; Wan, B.

This article is protected by copyright. All rights reserved.



—
Ny

]

—
ul
—_—

—_

]

ed Article

Angew. Chem., Int. Ed. 2015, 54, 10613; (t) Zeng, R.; Dong, G. J.
Am. Chem. Soc. 2015, 137, 1408, and references therein.

(a) Kochanowska-Karamyan, A. J.; Hamann, M. T. Chem. Rev. 2010,
110, 4489; (b) Lancianesi, L. S.; Palmieri, A.; Petrini, M. Chem. Rev.
2014, 114, 7108; (c) Wang, Y.-H. Tang, J.-G.; Zheng,
Y.-T. Biochem Biophys Res Commun. 2007, 355, 1091; (d) Vin-
tonyak, V. V.; Warburg, K.; Kruse, H.; Grimme, S.; Hibel, K.; Rauh,
D.; Waldmann, H. Angew. Chem. Int. Ed. 2010, 49, 5902.

For some reviews about collective synthesis, see: (a) Anagnostaki, E.
E.; Zografos, A. L. Chem. Soc. Rev. 2012, 41, 5613; (b) Kumar, K.
Chem. Biol. 2009, 39; (c) Han, J.-C.; Li, C.-C. Synlett 2015, 26,
1289. For selected recent examples, see: (d) Jones, S. B.; Simmons,
B.; Mastracchio, A.; MacMillan, D. W. C. 2011, Nature 475, 183; (e)
Wang, X.; Xia, D.; Qin, W.; Zhou, R.; Zhou, X.; Zhou, Q.; Liu, W,;
Dai, X.; Wang, H.; Wang, S.; Tan, L.; Zhang, D.; Song, H.; Liu,
X.-Y.; Qin, Y. Chem. 2017, 2, 803; (f) Jamison, C. R.; Badillo, J. J.;
Lipshultz, J. M.; Comito, R. J.; MacMillan, D. W. C. Nat. Chem.
2017, 9, 1165; (g) Yue, G.; Zhang, Y,; Fang, L.; Li, C.-C.; Luo, T,
Yang, Z. Angew. Chem. Int. Ed. 2014, 53, 1837; (h) Feng, J.; Lei, X,;
Bao, R.; Li, Y.; Xiao, C.; Hu, L.; Tang, Y. Angew. Chem., Int. Ed.
2017, 56, 16323, and references therein.

For some reviews about diversity-oriented synthesis, see: (a) Tan, D.
S. Nat. Chem. Biol. 2005, 1, 74; (b) O'Connor, C. J.; Beckmann, H.
S. G.; Spring, D. R. Chem. Soc. Rev. 2012, 41, 4444; (c) Burke, M.
D.; Schreiber, S. L. Angew. Chem., Int. Ed., 2004, 43, 46; (d) Xu,
L.-M.; Liang, Y.-F.; Ye, Q.-D.; Yang, Z.; Foley, M.; Snyder, S. A;;

Ma, D.-W. Org. Chem. 2012, 1-31. For selected recent examples, see:

(e) Schreiber, S. L. Science 2000, 287, 1964; (f) Seiple, I. B.; Zhang,
Z.; Jakubec, P.; Langlois-Mercier, A.; Wright, P. M.; Hog, D. T,;
Yabu, K.; Allu, S. R.; Fukuzaki, T.; Carlsen, P. N.; Kitamura, Y.;
Zhou, X.; Condakes, M. L.; Szczypinski, F. T.; Green, W. D.; Myers,
A. G. Nature 2016, 533, 338; (g) Shi, S.-L.; Wong, Z. L.; Buchwald,
S. L. Nature 2016, 532, 353.

(a) Shen, T.; Zhang, Y.; Liang, Y.-F.; Jiao, N. J. Am. Chem. Soc.
2016, 138, 13147; (b) Shen, T.; Wang, T.; Qin, C.; Jiao, N. Angew.

Accept

(8]

(9]
[10]

[11]
[12]
[13]

[14]

[15]

[16]

Chem., Int. Ed. 2013, 52, 6677; (c) Qin, C.; Su, Y.; Shen, T.; Shi, X;
Jiao, N. Angew. Chem. Int. Ed. 2016, 55, 350.

For a recent review about tert-butyl nitrite, see: Li, P.; Jia, X. Syn-
thesis 2018, 50, 711. For selected recent examples, see: (a) Liang,
Y.-F.; Li, X.-Y.; Wang, X.-Y.; Yan, Y.-P.; Feng, P.; Jiao, N. ACS
Catal. 2015, 5, 1956; (b) Chen, F.; Huang, X.; Jiao, N. Angew. Chem.
Int. Ed. 2014, 53, 10495; (c) Pan, J.; Li, X.; Lin, F.; Liu, J.; Jiao, N.
Chem, 2018, 4, DOI: https://doi.org/10.1016/j.chempr.2018.03.008;
(d) Shu, Z.; Ye, Y.; Deng, Y.; Zhang, Y.; Wang, J. Angew. Chem. Int.
Ed. 2013, 52, 10573; (e) Shen, T.; Yuan, Y.-Z,; Jiao, N. Chem.
Commun. 2014, 50, 554; (f) Wu, X.-F.; Schranck, J.; Neumann, H.;
Beller, M. Chem. Commun. 2011, 47, 12462; (g) Taniguchi, T.;
Yajima, A.; Ishibashi, H. Adv. Synth. Catal. 2011, 353, 2643; (h) Liu,
Y.; Zhang, J.-L.; Song, R.-J.; Qian, P.-C.; Li, J.-H. Angew. Chem.
Int. Ed. 2014, 53, 9017,

van der Heijden, R.; Jacobs, D. I.; Snoeijer, W.; Hallared, D.; Ver-
poorte, R. Curr. Med. Chem. 2004, 11, 607.

Cincinelli, R.; Cassinelli, G.; Dallavalle, S.; Lanzi, C.; Merlini, L.;
Botta, M.; Tuccinardi, T.; Martinelli, A.; Penco, S.; Zunino, F. J.
Med. Chem. 2008, 51, 7777.

Chen, Y.-F.; Kuo, P.-C.; Chan, H.-H.; Kuo, I.-J.; Lin, F.-W.; Su,
C.-R;; Yang, M.-L.; Li, D.-T.; Wu, T.-S. J. Nat. Prod. 2010, 73,
1993.

Jiao, W.-H.; Gao, H.; Li, C-Y.; Zhou, G.-X.; Kitanaka, S.; Ohmurae,
A.; Yao, X.-S. Magn. Reson. Chem. 2010, 48, 490.

Steven, A.; Overman, L. E. Angew. Chem. Int. Ed. 2007, 46, 5488;
Huang, H.; Yao, Y.; He, Z.; Yang, T.; Ma, J.; Tian, X.; Li, Y.; Huang,
C.; Chen, X,; Li, W.; Zhang, S.; Zhang, C.; Ju, J. J. Nat. Prod. 2011,
74,2122.

Tagawa, S.; Choshi, T.; Okamoto, A.; Nishiyama, T.; Watanabe, S.;
Hatae, N.; Hibino, S. Heterocycles 2013, 87, 357.

(a) Ichihara, A.; Kimura, R.; Yamada, S.; Sakamura, S. J. Am. Chem.
Soc. 1980, 102, 6353; (b) Sheldrake, H. M.; Wallace, T. W.; Wilson,
C. P. Org. Lett. 2005, 7, 4233; (c) Brannock, K. C.; Bell, A.; Burpitt,
R. D.; Kelly, C. A. J. Org. Chem. 1964, 29, 801.

This article is protected by copyright. All rights reserved.



Entry for the Table of Contents

Page No.

Direct Synthesis of Structurally Di-
vergent Indole Alkaloids from Simple
Chemicals

icle

o Shen, Bencong Zhu, Fengguirong
, Jun Pan, Jialiang Wei, Xiao Luo,
Jianzhong Liu, and Ning Jiao*

t

Z N N

five bonds formation four bonds formation four bonds formation

up to 72% yield up to 85% yield up to 96% vyield
TBN noble-metal free
_— >

+ this work

five bonds formation five bonds formation six bonds formation
up to 75% yield up to 81% yield up to 45% vyield

I

Accepted A

This article is protected by copyright. All rights reserved.





