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Introduction

Perophoramidine

1. Isolated from the ascidian Perophora namei in 2002
2. (*x)-(Dehalo)perophoramidine was synthesized in 2004

3. The asymmetric version was reported via chiral auxiliary-induced
strategy in 2010




Catalytic Asymmetric Alkylation Reaction
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Catalytic Asymmetric Alkylation Reaction
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Stoltz, B. M. et al. Angew. Chem. Int. Ed. 2009, 48, 8037.

6



Catalytic Asymmetric Alkylation Reaction
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Catalytic Asymmetric Alkylation Reaction
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Yuan, W. C. et al. Chem. Eur. J. 2012, 18, 8916.
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Catalytic Asymmetric Alkylation Reaction
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Catalytic Asymmetric Alkylation Reaction
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Optimization of the Reaction

NPHith
N B
cat.,, K;CO3 (2 eq.)
A\ + -
O THF, rt, 2d
N N
H
1a 2a
entry cat. (20% mol) yield (%) dr ee (%)
1 - - - -
2 Cu(OAc), trace - -
3 La(OTf), - - -
4 NiCl, 45 71 -
5 Ni(OAc),-H,0 75 9:1 -




Optimization of the Reaction

NPhth

Br. N
N 3 NH
\ . cat., K2CO3 \\= ”
o THF, rt, 48 h K O 3aR =Ph
” M 3b R = 2-Br-CgHy4
3c R=3-Br-C¢H
NPhth 3d R = 4-Br-CoHy
1a 2a 4a 3e R = 4-MeO-CgH,
3f R = 3-MeO-CgH,4
entry cat. (20% mol) yield (%) dr ee (%)
1 Ni(OAc),-3a 81 10:1 40
2 Ni(OAc),-3b 79 10:1 37
3 Ni(OAc),-3c 81 10:1 68
4 Ni(OAc),-3d 77 10:1 67
5 Ni(OAc),-3e 75 10:1 83
6 Ni(OAc),-3f 87 10:1 86
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Optimization of the Reaction

|
NPhth

cat base
THF rt

1a 2a

3f R =3-MeO-CgH,

entry cat. (20% mol) Base (2eq.) time(h) yield (%) dr ee (%)
1 Ni(OAc),-3f K;PO, 5 91 10:1 89
2 Ni(OAc),-3f Cs,CO, 2 88 10:1 83
32 Ni(OAc),-3f K,PO, 5 94 10:1 92

a5 A MS was added.
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Substrate Scopes
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Substrate Scopes

4a - 41 X = H, Me, MeO, Halo-
73% - 94% vyield
9:1->20:1dr
85% - 99% ee

4n: X = OMe, 91%, 17:1 dr, 94% ee
40: X = Br, 45%, 4:1 dr, 60% ee

4p: 51%, >12:1 dr, 90% ee
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Total Synthesis of (+)-Perophoramidine

1. NCS, AcOH
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Total Synthesis of (+)-Perophoramidine
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Total Synthesis of (+)-Perophoramidine

B
NOCO\

(+)-perophoramidine

LiAIH,, THF

>
-20°C, 20 min
61%

1. K2003, CS2CO3
PhSH, DMF, 83%

2. HCI, PCC
dioxane, 84%

Me;OBF4, NaHCO,
rt, DCM, 2h, 87%
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Total Synthesis of (+)-Perophoramidine
|

OTIPS N5
Br.
CSzQQg, DCM
A\ + 0 >
48 h, 89%
N N Br
H H
1 2

2. PPhs, THF

1. NaH, Bac,O
THF, 92%
H,Q, 50 °C|, 89%

1. NCS, AcOH, 86%
2. NaHMDS, ArSO,CI, 81%

Ar = p-Nitrophenyl

Funk, R. L. etal. . Am. Chem. Soc. 2004, 126, 5068.
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Total Synthesis of (+)-Perophoramidine

1. TBAF, AcOH
40 °C, 98%

2. PPh3, DPPA
DIAD, THF, 80%

1. PMes, THF 86%
2. C32CO3, Mel, CH3CN 92%

Me;OBF,, DIPEA
-

DCM, 68%
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Total Synthesis of (+)-Perophoramidine

1. Cs,CO3, PhSH, DMF
45 °C, 70%

2. MnO,, DCM, 65%

-

(+)-perophoramidine
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Summary

1. Total Synthesis of (+)-Perophoramidine

Ir=

Ni(OAC),-3f (20 mol%)
K3;PO, (2 eq.)

+ >
THF, 5 AMS, rt, 5 h

Br NPhth

o g 4p :  3fR=3-MeO-CgHy,

12 steps
8.2% yield

(+)-perophoramidine
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Summary

2. Total Synthesis of (+)-Perophoramidine

OTIPS N,
Br.
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N N

|_I i

12 steps
9.8% yield

(+)-perophcramidine

23



(-)-Communesins and (+)-perophoramidine are two architecturally
intriguing natural products, which contain a complex multiring system
with two crucial vicinal all-carbon quaternary stereocenters. To date, a
number of elegant protocols for assembling these indole alkaloids have
been developed. In the case of perophoramidine, Funk et al. and
Rainier et al. reported the total synthesis of (x)-
(dehalo)perophoramidine. Subsquently, Qin et al. achieved the
asymmetric total synthesis of (+)-perophoramidine by a chiral auxiliary-
induced strategy. However, the catalytic asymmetric synthesis of (+)-
perophoramidine has never been reported, probably due to the
challenge of catalytic asymmetric construction of the sterically

congested vicinal all-carbon quaternary stereocenters.
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In summary, we have developed a successful strategy for the
construction of indolenines containing two vicinal all-carbon
quaternary stereocenters with high diastereoselectivity and
excellent enantioselectivity by using a nickel(ll)-catalyzed
asymmetric alkylation reaction of 3-bromooxindoles with 3-
substituted indoles. This methodology facilitated the first catalytic
asymmetric total synthesis of the cytotoxic agent (+)-
perophoramidine. Additional applications of this methodology are

underway.
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