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Introduction
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Introduction

NHPh R &, R
Pd,dbay, .
PCy3-HB%:4 X\\ NPh Ph
> —_—
NaO'Bu, Toluene $
Br N R 72-82% yield
L _ 929%-99% ee

Wolfe, J. P. et al. Org. Lett. 2011, 13, 2962.




The strategies

The retrosynthetic analysis:

Strategy two:
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[3+2] Cycloaddition reaction § dearomatization of isoguinoline

metal catalyst involved (Cu) metal-free organocatalyst (NHC)

[
........................................................................................................................................

Waldmann, H. et al. Angew. Chem. Int. Ed. 2013, 52, 12892.
Tan, B. et al. Angew. Chem. Int. Ed. 2016, 55, 11834.
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[3+2] cycloaddition reaction

R2
CO,R! NO:
N\ CO,R!?
+ Cuy/ligand
H
1,3-Fused azomethine ylide  R2 = Alkyl or Aryl 6%&_98:;/5;/0%9!9

Waldmann, H. et al. Angew. Chem. Int. Ed. 2013, 52, 12892.




Ligand effect

Ph NO,
N2 Cu(MeCN),PFg Ngé Me @:%\d%co Me
ligand, 0 °C \ oo N\ H
EtN, CH,Cl, N N
3a 3b
P(0-Toly, <Z O
PPh s'Bu
%N&th %\M/ez o Ei:z ?\/Pphz
@ (0-Toly, NMe, % O @
4a 4b 4c ad
entry ligand yield (%) dr ee (%)
4a 46 6:5 19
2 4b 56 11:5 47
3 4c 41 4:5 87
4 ad 69 >20:1 86




Solvent and metal effect

CO,Me Oz
i oC yad Cone COzMe
| - 0°CELN_
H Z P ~solvent

entry solvent [Cu] yield (%) dr ee (%)

CH,Cl,  Cu(MeCN),PF, 69 >20:1 86
2 PhMe Cu(MeCN),PF, 52 >20:1 55
3 Et,O Cu(MeCN),PF, 43 >20:1 69
4 CH,CN  Cu(MeCN),PF, 79 >20:1 70
5 CH,Cl,  Cu(MeCN),BF, 64 >20:1 74
6 CH,Cl,  Cu(MeCN),CIO, 67 >20:1 75
7 CH,CI, CuOTf-PhMe 51 >20:1 68




Base effect

NO,
CO,Me
2 Cu(MeCI\_Il)4PF6 coz|\/|e Cone
s\
5 base, CH,Cl,

2

entry base T (°C) yield (%) dr ee (%)
Et;N 0 69 >20:1 86
2 DIPEA 0 21 >20:1 33
3 DBU 0 77 >20:1 87
4 KO'Bu 0 26 >20:1 77
5 DBU -20 87 >20:1 86
6 DBU -75 77 >20:1 86
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Substrate Scope

Ph
NO,

CO,Et
NSNS

H
75% yield, 87% ee

2-Furyl
Y1 No,

CO,Et
NS

H
80% yield, 84% ee

4NOCoHa—
2

CO,Me
=AW

H
66% yield, 87% ee

2,6'C|2C6H3
2

/xCOZMe
H

89% yield, 86% ee

2-Brc.H
54~ No,
CO,Et
N
H

76% yield, 86% ee
NO,

CO,Et
NS

H
75% yield, 87% ee

iButyl
Y 0,

CO,Me
=y

Et
H
76% yield, 85% ee
NO,

ﬁcoZMe
H

66% yield, 91% ee

NO,
CO,Et
H

75% y|e|d 96% ee

NO,
CO,Et
H

86% yleld 91% ee

NO,
CO,Me
H

62% yleld 78% ee

2-BrCgH
6 NO,

CO,Me
H

96% yield, 87% ee
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Proposed mechanism

MeO ‘Bu ’\I N
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Dearomatization reaction

CO,Et
Ph
- NHC (10 mol%)
PhMO + ) B EtOH, KOAc
+ '
Z N\/Ph DCM, -20 °C k
h

36-84% yield
84->99% ee

Tan, B. et al. Angew. Chem. Int. Ed. 2016, 55, 11834.
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NHC organocatalyst screening
|

CO,Et

Ph
NHC (10 molo)
ELOM, KOAC
!
DCM, 1t L

o Ph
""""" CXN CriaPn @}; 3
N\%'{F\Ar Ca QEE{E-%CGHZ BFy D\
BF, C5: Ar =2 4,6-BryCgH, r ce B Br
entry NHC yield (%) dr ee (%)

Cl 39 >20:1 48
2 C2 6 >20:1 27
3 C3 18 >20:1 60
4 C4 39 >20:1 88
5 C5 30 >20:1 91
6 C6 42 >20:1 90
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Base effect

CO,Et
Ph
QMO . C@ Br S Do)
N___Ph Base, rt
~ kph
entry Base yield (%) dr ee%
NaOAcC 10 >20:1 53
2 K,COg4 21 >20:1 79
3 Et;N 36 >20:1 75
4 DIPEA 35 >20:1 79
5 DBU Trace >20:1 Not determined
6 DABCO Trace >20:1 Not determined
7 KOAC 42 >20:1 90
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Temperature and solvent effect

CO,Et
Ph
@Mo . O@ Br B, Kond
N{__Ph T sovent
~~ kph
entry T (°C) solvent  vyield (%) dr ee %
rt DCM 42 >20:1 90
2 0 DCM 49 >20:1 92
3 -20 DCM 57 >20:1 93
4 -20 EtOH 58 >20:1 89
5 -20 toluene 30 >20:1 82
6 -20 CHCl, 50 >20:1 85
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KOAc and EtOH effect

CO,Et
SRaloe N - &
N _Ph T 20°C sowvent L
Ph
entry KOAc (eq.) EtOH (uL) vyield (%) dr ee%
2.0 1.0 (eq.) 22 >20:1 93
2 2.0 5.0 (eq.) 41 >20:1 93
3 2.0 100 57 >20:1 93
4 2.0 200 57 >20:1 93
5 0.2 100 11 >20:1 70
6 1.0 100 39 >20:1 89
7 5.0 100 62 >20:1 93
8 10.0 100 66 >20:1 93
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Substrate Scope

CO,Et
Ar
N N B KOA¢
2N _Ph -20 °C, CH,Cl, §
Ph
entry Ar yield (%) dr ee %

1 CgHs 66 >20:1 93

2 4-MeC¢H, 70 >20:1 96

3 4-MeOC,H, 64 >20:1 96

4 2-MeOCgH, 65 >20:1 91

5 4-Me,NC H, 64 >20:1 >99

6 4-N,CeH, 62 >20:1 84

7 4-FC-H, 50 >20:1 84

8 2-Furyl 50 >20:1 96
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Substrate Scope

CO,Et
Ph ‘
: C6 (10 Mol%
X B (
S Vo @ ) EtOH , KOA _ @‘
N _R ~ -20°C, CH,Cl, L
R
CO,Et CO,Et CO,Et
Ph Ph Ph
Ph Br
kF>|\/|P kF>|\/|P kF>|\/|F>
59% yield, 93% ee 56% yield, 949 ee 50% yield, 92% ee
CO,Et CO,Et o CO,Et
HO Ph H,N Ph H,_-% Ph 2[
kPMP kPMP kF>|\/|F>
40% yield, 90% ee 36% yield, 83% ee 38% yield, 90% ee

CO,Et CO,Et

C
Ph Ph Ph ?

OMe ‘ ‘

62% yield, 94% ee 77% yield, 94% ee 75% yield, 95% ee

O,Et
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Multicomponent reaction

0.4 mmol . 0.2mmol C6 (10 mol%)
: OAC
......................................................... L.
Br -20 °C, CH,Cl,
@—/ EtOH
0.3 mmol : 200 pL

CO,Et
Ph

Nen

63% yield, 93% ee
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Further transformation

SO C6 (10 mol%

Me,N

O / CO,Et

EtOH (1 mL, N
Me,N -
Br 2 KOAC (10 €q-)
CH,Cl,, -20 °C
1 mmol, 376 Mg 2 mmol 27 260 Mg Br
50%, 99.5% ee
CO,Et CO,Et
Ph Ph
Pd/C, EtOH
>
. g H
Ph
939 ee 72% yield, 93% ee
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Mechanism study

C6 (10 mol%)

EtOH, KOAC

>

CO,Et

unstable intermediate

NaBH,

Ph

CO,Et

95% vyield
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Proposed mechanism
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Summary

"~ No
co,Me 2
+ OZNV/\R [Cu]/hgand» H '
2 = Alkyl or Aryl ’
R = Alkyl Or Aty 62-96% yield
78-96%6 ee

................................................................................................................................................

CO,Et
Ph
P XX + Xy Br N:t((:)(Hl,oKrgoAl?)
/N*\/Ph DCM, 20 °C > k
36-84% yield

84->99% ee

Tan, B. et al. Angew. Chem. Int. Ed. 2016, 55, 11834.
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The first paragraph

The tropane (8-azabicyclo[3.2.1]octane) skeleton is widespread in both
natural products and synthetic compounds with a wide range of biological
activity. Many tropane derivatives play a key role in a large number of
neurological and psychiatric diseases, such as Parkinsons disease,
depression, and panic disorder. Maraviroc, with a tropane structural core,
has been used in the treatment of HIV infection and deserves considerable
attention. Benzotropane, containing a phenyl ring in the tropane moiety, also
occurs in numerous lead compounds and pharmaceuticals for the treatment
of type 2 diabetes and antitumor drug candidates. The medicinal relevance of
tropane derivatives has stimulated considerable interest among synthetic
chemists, and several catalytic methods have been developed for the

construction of optically pure tropane frameworks.
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The last paragraph

In summary, we have successfully developed the first chiral-NHC-catalyzed
asymmetric dearomatizing double Mannich reaction of isoquinolines to
enable the straightforward and efficient synthesis of biologically important
tropanes bearing four contiguous stereogenic centers with high levels of
diastereo- and enantioselectivity. A unique feature of this strategy is the use
of readily available isoquinolines to provide two reactive sites for
dearomatization reactions. This highly convergent and functional-group-
tolerant strategy enables the rapid construction of complex compounds from

simple, readily available starting materials.
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Xia, H. et al. Nat. Chem. 2013, 5, 698.
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BRI F:

Ph,P I5Ph3 [os]/ —| Cr — T BFy
C'\é s HBF,+H,0 T \y—PPhs
C|/ \// OH RT,5min RN =

80% yle|d 73% yield

Xia, H. et al. Nat. Chem. 2013, 5, 698.
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FREENE K

Cl ] Cr
—[Os] .
N__pph,
N

[Os] = Os(PPh3)2

Xia, H. et al. Sci. Adv. 2016; 2:e1601031.
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fere s X R 5 i

Q9 oo

Polyethylene 1. Dehydrogenation
N Yo N
Light Noreaiane > / \
Ir 2 Ir-H, 2. Olefin metathesis

+

\/\/\O 3. Hydrogenation \/\/\O
l l l PE degradation

Q/\/\{\/Q/\/\

Liquid fuels and waxes
Huang, Z. et al. Sci. Adv. 2016; 2:€1501591.
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fere s X R 5 i

. Dehydrogenation and hydrogenation catalysts: | Olefin metathesis catalyst:

P'BU, O—PR,
H
|r“‘\ X Ir— || E
|\H l 5 R€,0,/Al,05
P'Bu, —PR, ;
1 2: R = t-BU, X = t-BU,PO
3:R=i-Pr, X=0Me
0.3 g each 8 mL isolated oil (r-Ceg)  Wax
petroleum ether
HDPE pjastic bottle — 18¢ 2 mg
Food packaging film 2/y-Al,O5 and 077 7 me
Grocery shopping bag Re,04/y-Al,04 0.77 g 3 me
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