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Asymmetric synthesis refers to the
conversion of an achiral starting material to a
chiral product in a chiral environment.
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1.6.1 “Chiron” Approaches ( “Fi:T” B£)
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1.6.2 Acyclic Diastereoselective Approaches (FFEIERBREFEMEIRZ)
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“Chiron" Approaches: Naturally occurring chiral compounds provide an
enormous range and diversity of possible starting materials.
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Retro synthesis of (+)-exo-brevicomin J. org. chem., 1982, 47, 932.
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Retro synthesis of negamycin(f1%5 %) .
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Lewis Acid Assisted Ring-Closing a0
Metathesis of Chiral Diallylamines: 871874
An Efficient Approach to Enantiopure

Pyrrolidine Derivatives

Qian Yang,! Wen-Jing Xiao,f and Zhengkun Yu*?

The Key Laboratory of Pesticide and Chemical Biology, Ministv of Education,
College of Chemistry, Central China Novmal University, 152 Luovu Road, Wuhan,
Hubei 430079, China, and Dalian Institute of Chemical Physics, Chinese Academy aof
Sciences, 457 Zhongshan Road, Dalian, Liaoning 110023, China
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Received December 23, 2004

ABSTRACT
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79-93%

Lewis acid assisted ring-closing olefin metathesis (RCM) of chiral diallylamines, using the second generation RCM ruthenium-based catalyst,

leads to enantiopure pyrrolidine derivatives in 79—93% yields under very mild conditions. The scope of the olefin metathesis has been expanded.
2017/7/25
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Scheme 1. Synthesis of Diallylamines
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NH> NHzHCI .
. OH SOCl,, MeOH *__OCHs allyl bromide, NaHCO4 N

-} a < H
0°Cto RT CH4CN, 70°C R/\H/OC 3
3 0

R

87-95% 71-91%

Yang, Q.; Xiao, W. J.; Yu, Z. Org. Lett. 2005, 7, 871.
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Table 1. Ru-Catalyzed RCM Reaction of 4

-] 0 0

\ /\I)LOC"'S Ru-catalyst Ph/\l)J\OCHg
PCy c, Fovs Mes—N__N-Mes . N
pPC
LS R W ST 0
cIv Ol heo \=( S cl
s 6a: R=CHj , )s\
6b: R=Ph catalyst solvent temp (°C) time (h) yield of 13 (%)®
™\
Mes—N_ N-Mes I\ )
Mes— N N- Mes Mes— N N- Mes \|/\C| Ph Mes—N___N-Mes 5 (5 mol %) CHCl 40 48 0
ol \( ol \( S :(Nzl—'lla'u:/ C"I 6a (5 mol %)  CHzCly 40 48 0
— u—
ar o Br N CI7 by \= 7 (5 mol %) CHzCly 40 48 0
PPhs For g, i =( 8 (5mol %)  CHaCly 40 48 11
9 10 " 12 9 (5 mol %) CHyCly 40 48 17
Figure 1. Ruthenium catalysts imvestigated. 10 (5 mol %) CHxCly 40 48 24
11 (5mol %)  CHzCls 40 48 0
12 (5 mol %)  CHCls 40 48 0
10 (15 mol %) DCE? 80 36 27
%T F E{%'f/h%u 10 (15 mol %) toluene 110 12 19
@ Tsolated yield. ? 1,2-Dichloroethane.
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Table 2. RCM Reaction of 4 in the Presence of Lewis Acids?

Q 0
F’h/\l)kOCHs cat. 10, LA Ph/\l)J\OCHg
N g N
CH3Clp, 40°C
4

13

Lewis acid amount (mol %) time (h) yield of 13 (%)

Lil 100 36 53
AlCl3 100 2 0P
La(OTf)se 100 2 0b
Ti(O'Pr)4 100 2 91
Ti(O'Pr)4 50 5 82
Ti(O'Pr)4 20 6 93

@ Reaction conditions: 4 (2 mmol), 10 (0.1 mmol), LA (20— 100 mol
%), 40 °C. CH,Cl, (20 mL). ® Catalyst decomposed. € La(OTf)s: lantha-
num(III) trifluoromethanesulfonate.

Asymmetric Synthesis
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Table 3. Lewis Acid Assisted RCM Reactions?®
o o]

R j)LOCHs cat 10, T(OPr)y R j)\OCHs
N CH,Clp, 40 °C N

Substrate time (h) Product Yield (%)°
o] o]
N - oo
N 6 N 93
o] 130
HaC
oo Oy oo,
N 2 N 78°
J 1\5K““ 17

18 19
o o
HSCO\N\OCW HaCO ocHs
o] N\L 8 o _N 82
“a0 S 21
0

OCH3 OCHy
h\ N 13 79

A\
N
N/|/ N
= 93 R 2
o]

4

H
3
o o o)
S PR SN A
N 4 N 79
);4 7\‘ 25

4 Reaction conditions: diallylamines (2 mumol). 10 (0.1 nunol), Ti(O'Pr)s
(20 mol %0), 40 °C, CH2Cls (20 mL), 2—13 h. ? Isolated vield. ¢ Isolated it
by making its HCI salt.

=i TURMEER




Comments

Search Org. Chem. Highlights

Organic Chemistry
Highlights

cC.E . >|

Mondaw, October 17, 2005
Douglass Taber Sponserins O

Iniversity of Delaware

MNHeterocyele Construction by Alkene Metathesis

The first Nheterocveles prepared by alkene metathesis were simple
five— and sizx—membered ring amides. Ring—closing metathesis of free
amines is much more difficult. The diene 1, for instance, sgave only
low vields of cyclization product. Wen—Jing Xiao of Central China
Normal University and Zhengkun Yu of the Dalian Institute of
Chemical Physics have shown (Ore. Lerr. 2005, 7 871. DOI) that
precomplexation of 1 with the inexzpensive Ti(0:Pr)}. ties up the

amine, allowing for facile cwvclization.

Fh;ﬁfoCCbCHa 0.2 cat PhpﬂmT,CUzCHﬁ

N N
?r k THOPr), —]
20 md %
1 2
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S Org. Chem. 2001, 66, 6229—6233 6229

First Examples of Enantioselective Palladium-Catalyzed
Thiocarbonylation of Prochiral 1,3-Conjugated Dienes with Thiols
and Carbon Monoxide: Efficient Synthesis of Optically Active
p.y-Unsaturated Thiol Esters

Wen-Jing Xiao and Howard Alper*

Asymmetric Synthesis



Diastereoselective Approaches

Pd(OAG)g. L*
+ PhsH + CO ~ PhS_ A
M 400 psi, CH,Cl,

110 °C

ligand ee% yield(%)
R-Tol-BINAP a7 77
F-BINAP 42 56
R-PROPHOS 17 53

S, S-BDPP 76 62

E, R-DIDP 89 71
PhoPs,..,

2P ,I::N'Em 56 18

Ph,P

Asymmetric Synthesis
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First Examples of Asymmetric Thiocarbonylation

Pd(OAc),, (R, R)-DIOP

= + PhSH + CO ~ PhS TN
i 400 psi, CH,Cl,
110 °C O
76% ee, 78% yield
0
/\)v\ Pd(OAc),, (R, R)-DIOP
+ CO - y
N S 400 psi, CH,Cl, PhSJk]/‘ﬁN
110 °C

B4% ee, 72% yield

Pd(OAC), (R, R)-DIOP 0
)\N + PhsH + CO 400 psi, CH,Cl, " Phs P
110 °C

B9% ee, T76% yield

Xiao, W.-J.; Alper, H. J. Org. Chem. 2001, 66, 6229.




Diastereoselective Approaches

CIETTERS

pubs.acs.org/Orglett

Enantioselective Direct Functionalization of Indoles by Pd/Sulfoxide-
Phosphine-Catalyzed N-Allylic Alkylation
Li-Yan Chen,T’§ Xiao-Ye Yu,}u’§ Jia-Rong Chen,*’T Bin Feng,? Hong Zhang,? Ying-Hua Q,T

and Wen-Jing Xiao® "

R2 [Pd)/4e, Cs,CO; P R?
» T OAc CH,Clz, 40 °C L]
—_ + »
N SONTR
H o Ph  Ph R e
N:H :S IIIII Br 28 examples
d up to 99% yield
up to 98% ee
PPhy N °

Chen, L.-Y.; Yu, X.-Y.; Chen, J.-R.; Feng, B.; Zhang, H.; Qi, Y.-H.;

Xiao, W.-J. Org. Lett. 2015, 17, 1381-1384.

Asymmetric Synthesis

Scheme 5. Proof of the Synthetic Potential of the Method
a) o [PA(CaHsICll 2 mol %) @j\
| U| c 4c (4 mol %)
N coume NG N co,Me

Cs,C04(3.0 equiv) H
1a 2a - 3aa
(0.61 g, 3.5 mmol) (1.33 g, 5.2 mmol) (1.26 g)

CH,Cl, (0.5 M), 40°C, 24 h  Pr™ 7 “pp

b NHBoc
) NHBoc oae  [PA(CsHSICII, (2 mol %)
4c (4 mol %)
S [ |
@:/J(_/ + Ph/\)\ Ph Cs,C054(3.0 equiv) N
B 40°C,12h o
Ph 2 Ph
1u 2a 3ua

2017/7/25
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Angewandte

Communications

Indole Chemistry

DOI: 10.1002/anie.201209998

Highly Enantioselective Friedel-Crafts Alkylation/N-
Hemiacetalization Cascade Reaction with Indoles™*

Hong-Gang Cheng, Liang-Qiu Lu, Tao Wang, Qing-Qing Yang, Xiao-Peng Liu, Yang Li, Qiao-
Hui Deng, Jia-Rong Chen,* and Wen-Jing Xiao*

Table 2: Scope of the f3,y-unsaturated a-ketoesters.”

o cmpemo A
0
©\/§ * RVVKKC: toluene, 0 °C > N R R
H OR 8-48 h HO %Osz 0\‘)&(0 L3, R=Me
1a 2 3 N N'\)"-w L4, R=CyH,
{, | LsR=H

Entry R', R? 3 Yield [%6]"  d.r¥  ee [%]“
1 Ph, Me (2a) 3aa 95 95:5 =>99
2 Ph, Et (2b) 3ab 93 96:4 >99
3 Ph, Bn (2¢) 3ac 92 95:5 >99
4 Ph, iPr (2d) 3ad 93 96:4 >99
5 4-MeCgH,, Me (2e) 3ae 96 95:5 >99
6 4-MeOCH,, Me (2f) 3af 95 96:4 >99
7 4-FCeH,, Me (2g) 3ag 95 95-5 =99 Angew. Chem. Int. Ed. 2013, 52, 3250.

Asymmetric Synthesis
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Reviews

Adolescence

Alessandro Dondoni* and Alessandro Massi*

2000 — 200844 e H AL IR K L FHEH=

Keywords:
amino catalysis - amino compounds -
asymmetric synthesis
Bronsted acids

organocatalysis

Angew. Chem. Int. Ed. 2008, 47, 4638.

Angewandte

Chemie

4638 wwwangewandte.org © 2008 Wiy N OH Verlag GrmibH & Co. KGaA, Weinheim

Asymmetric Synthesis

Asymmetric Organocatalysis: From Infancy to

A. Dondoni and A, Massi

DOI: 10,1002 anie. 200704684

i memory of Albert I Meyers

Ange, Chem, Int. 64, 3008, 47. 4fiyi- 466

2017/7/25
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Readily Tunable and Bifunctional
L-Prolinamide Derivatives: Design and

Application in the Direct
Enantioselective Aldol Reactions

Jia-Rong Chen, Hai-Hua Lu, Xin-Yong Li, Lin Cheng, Jian Wan, and
Wen-Jing Xiao*
The Key Laboratory of Pesticide & Chemical Biology, Ministryv of Education,

College of Chemistry, Central China Normal University, 152 Luovu Road,
Wuhan, Hubei 430079, China

wxiao(@mail.ccnu.edi.cn

ORGANIC
LETTERS

2005
Vol. 7, No. 20
4543—4545
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Modern organocatalysis

: L o[ O
o] L-proline (30 mol% COzH
- cHy _LP ( oy c CHy | "N
H DMSO, RT
HzC™ "CHy H, ' Hs

97% yield; 96% e.e.

L-proline

List, Lerner, Barbas, 111, J. Am. Chem. Soc. 2000, 122, 2395.

AL BT R 2%
Chiral backbone
— Tunahle H-bhond
+ o1 donor
HaM NH»
1 19
L-Proline )
0 Lewis base H-bond donor
Lewis acid
(Brynsted acid)

Asymmetric Synthesis
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AL BTt

pKa; =368 pKa,=25.9

pl‘:m =36.0 pKag =279

0 1Q2 0 0 1Q2 0
NN .
H H H H
NH NH
20b Me 20c cl

pka,=36.8 pKa,=357

pka,; = 36.0

pKE 1= 357

20

pka, =339

Q, 54
0 1 2 O \
NN "
H H  CH.F NH
NH 206

pKa; =355 pKa;=348

2 0
N
H
f Me

pKa, = 343

2017/7/25
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Condition optimization

Beale

catalyst {20 mol%)

HOAc (20 mol%)

H O

i D

> /@f\é + syn-isomer
OoN

CHCIa rt.
O uQﬁ 0 L] rf.Q[j 8]
Nf N—!s"’ N N
HHO H H
NH NH
14 Me 15 Me
2 h, 73% yield 5 h, 81% yield

d.r.: 84/16, e.e.: 54%

0 o
]

p O
HH CF

NH 17

12 h, 63% yield
dor.: 77/23, 8.2.: T3%

d.r.: T5/25, e.e.: 86%
-25°C, 24 h, 89% yield
d.r.: 96/4, e.e.: 92%

Q HQE_Q'D

N\ :
H H  CHF
NH 18
7 h, 79% yield

d.r.: 73127, e.e.: T3%

G ﬂQE" D
NN
HH
MH
16 Cl
8 h, 89% yield

d.r.: 7T6/24, e.e.: B0%

QO « ﬁﬂ
kY
N
H H
MH
19

Me

24 h, 89% yield
d.r.: 79/21, e.e.: 69%

2017/7/25
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Conditions optimization

. ey
NH HN
. J-L cat. 15 (20 mol%) R . syn-somer
H™ R HoAc (20 mol%), CHCI,, -25 °C NH
4 5 6 15
COH NO, OH © OH ©
89% yield 94% yield 78% yield 92% yield 88% yield 83% yield

dr.:98/2, ee.:97% dr.:991, ee.:96% dr.:96/4 ee.:94%

OH O OH O DH 0 CH O QH O
= 1 0 i i
Br \
76% yield 73% yield 41% yield 53% yield 53% yield

dor.:97/3,e.0.:92% dr.:96/4, e.e.: 94% d.r.: 97/3, e.e.: 92%

d.r.: 98/2, e.e.: 97% d.r.: 8317, ee.: 87% d.or.: 97/3, e.e.: 90%  d.r.: 87013, e.e.: 93% d.r.: 80/20, e.e.: T7T%

Chen, Lu, Li, Cheng, Wan, Xiao. Org. Lett. 2005, 7, 4543.
Huang, Chen, Li, Cao, Xiao. Can. J. Chem. 2007, 85, 208.

Asymmetric Synthesis

2017/7/25
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]
I
o

O
"d

.t cat. 15 (20 mol%)
H™ "R Hoac (20 mol%), CHCI,, -25 °C

FR

o $0
NH HN
+ Syn-isomer
NH
15
OH O NO, OH ©O OH O
QQﬁJ/@/\é U\é /@/\é /@/\é@/\é

89% yield 94% yield 78% yield 92% yield 88% yield 83% yield
dr.:98/2, ee:97% dr.:991,ee.:96% dr.:96/4 ee.:94% dr.:97/3,ee.:92% dr.:96/4, e.e.:94% d.r.: 97/3, e.e.: 92%

El OH 0O OH © OH © OH O
g i i o i i
Br \
76% yield 73% yield 41% yield 53% yield 53% yield

d.r.: 98/2, e.e.: 97% d.r.: 83M7, e.e.: 87% d.r.: 9713, e.e.: 90% d.r.: 87/13, e.e.: 93% d.r.: B0/20, e.e.: TT%

Chen, Lu, Li, Cheng, Wan, Xiao. Org. Lett. 2005, 7, 4543.
Huang, Chen, Li, Cao, Xiao. Can. J. Chem. 2007, 85, 208.
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OH O

86% vyield

I
Br/g/\l\)l‘:lj
Boc Bt}l::
80% yield

o OH O
(9] i
a
,J-L . catalyst 4 (20 mol%) R + Syn-isomer NH
R™ 'H HOAgG (40 mol%), THF, -20 °C CF4
N N NH
B
|
Boc oc 4
oH NO; OH O OH OH OH Gl CH O
N Cl
éuc éﬂ-:
B80% yield 91% yield T5% yield 80% yield 70% yield
d.r.: 98/2, e.e.: 94% d.r.: 97/3, e.e.: 95% d.r.: 97/3, e.e.: 94%

90% yield
d.r.: 96/4, e.e.: 96% d.r.: 96/4, e.e.: 92% d.r.: 96/4, e.e.: 93%

" C}I

\@Aﬁﬁ

80% yield
d.r.: 991, e.e.: 96%

OH O OH O
s - :
N
M I
EIUC éﬂﬂ

58% yield
dor.: 97/3, e.e.: 98%

32% yield
d.or.:91/9, e.e.: 86%

d.r.: 9773, ee.: 95% d.r.: 96/4, e.e.;: 30%

Chen, Li, Xing, Xiao. J. Org. Chem. 2006, 71, 8198.

Asymmetric Synthesis
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Organic Chemistry Portal
Search Org. Chem. Highlights:

Organic Chemistry

| \
./ 2 Lo
Y o Highlights Match: (Jor (@iand >>

Wen-Jing Xiao of Central China Normal University in Wuhan has reported (Org. Lett.
Monday, August 21, 2006 2005, 7, 4543. DOI: 10.1021/010520323) that the L-prolinamide 3 is a particularly
Douglass Taber effective organocatalyst for this transformation.

University of Delaware

http://www.organic-chemistry.org/Highlights/2006/21August.shtm

Organocatalytic Preparation of Enantiomerically-Pure Carbocycles

Enantiomerically-pure carbocycles can be prepared either de novo, or by desymmetrization of prochiral rings. A classic illustration of the latter approach is
the condensation of cyclohexanone (1) with p-nitrobenzaldehyde (2). Wen-Jing Xiao of Central China Normal University in Wuhan has reported (Org. Lett.
2005, 7, 4543. DOI: 10.1021/010520323) that the L-prolinamide 3 is a particularly effective organocatalyst for this transformation.

H o
o H-N
H
cat3 s ?
3 —_— 82% ee
cat AcOH 96:4 dr o l?l ¥
NO, CHCly NO; H H,Fa
1 2 4 3

o

Cyclohexenones such as 5 and 8 are also prochiral. Steven V. Ley of the University of Cambridge (Chem. Commun. 2005, 5346. DOIL: 10.103%/b511441a)
and Keilji Marucka of Kyoto University (Org. Lett. 2005, 7, 5143. DOI: 10.1021/010517170) independently developed organocatalysts that effect
enantioselective conjugate addition of nitroalkanes. Nitromethane and primary and secondary nitroalkanes participated efficiently in the addition. Addition to
acyclic enones also proceeded with high ee. Professor Ley has shown that quaternary centers can be formed with high ee, and Professor Maruoka has
shown that the sidechain stereocenter is also controlled. Note that the primary nitra group of adducts such as 7 is readily converted into the nitrile ar the
carboxylic acid.

2017/7/25 Asymmetric Synthesis




Comments

Edited by Peter I. Dalko #WILEY-VCH

Enantioselective
Organocatalysis

Reactions and Experimental Procedures

2.1 Aldol and Mannich-Type Reactions l23

(o} O OH
o Catalyst \/k)\/\
+H
A CHCl3 \»/L
No, —40°C 9% NO; 63% NO,
anti syn 95:5

anti 99% ee

o} 0] Catalyst:
+H Catalyst o
CHEb NH HN
NO, =25°C 89%

anti syn 96:4
anti 92% ee CHSCOZH

Scheme 2.2 Aldol reactions using a proline amide catalyst [13].

was improved using a proline amide derivative (Scheme 2.2) [13]. Proline-derived

> been Clted 142 tlmes diamine-acid combir}ation catalysts anq O—proFect.edAvhydmxyproline (_:lcrivativcs
also afforded good diastereo- and enantioselectivities for the aldal reactions of cy-

clopentanone in water [14, 15], as discussed later in this section. The aldol reac-
tions of a series of ketone donors with chloral using a proline-derived tetrazole

Chen, LU, L|, Cheng, Wan, XiaO. Org Lett. 2005, 7, 4543, catalyst afforded the products with high enantioselectivities [16] (see below, later

in this section).

2017/7/25 Asymmetric Synthesis




1.7 RARR YIRS BSEH

Enantioselective organocatalytic construction of
pyrroloindolines by a cascade addition—cyclization
strateqgy: Synthesis of (—)-flustramine B

Joel F. Austin, Sung-Gon Kim, Christopher J. Sinz, Wen-Jing Xiao, and David W. C. MacMillan*

Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125

Edited by Jack Halpern, University of Chicago, Chicago, IL, and approved February 23, 2004 (received for review December 12, 2003)

e X oH
BOCHN— (i o
}ﬁ\ | jdww
= 0
| E P Me L’m" M’ E i
=N H o1 B
Br | E‘I:lm-:ll% ,J O —_— - ]
oo —
13 prom L T |
(2} NaBH,, MeOH 90% ea
P - i
;__-__l’_\-\..\_\x:::.ﬂ - H%EIEH
{(=}-Flustramine B

WWW.pNas.org
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IR & LB

Representative pyrroloindoline natural isolates

Me Me
o
A
3a'

=

I
Me:

Pseudophrynamine A

| 3) LL/@&
= N’FN NN N
H H | A H
Me

N M
H I
Me

(=}=Flustramine B

H

Amauromine

Challenges

A

¥ o

Me
synthetic challenges
(1) Quaternary stereocenter C(3a)
(2) Diastereocontrol C{3a)=C(3a')
(3) Pyrroloindoline ring system
(4) Enantioselective Catalysis

Os N.___NH
Urochordamine \f
A N | N“\«.

Br

[ HH

ine

3a

N TN
H

H |

(=) Chimonanthine

2017/7/25
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A
N
e

Proc. Natl. Acad. Sci. U. S. A. 2004, 101, 5482.

X,
NHR ’ CHO
amine
N KM
N catalyst 1 N N
R
R HR
tryptamine pyrroleindoline
0 Me RHN a
'Bu M
- ) unsaturated ’\g R
Me” =g i aldehyde /‘— Ph 4_\ 4
3
o b -—
G (s} Me =1 ° N,Ma
N/
M imidazolidinone gj B8 .
H catalyst N By
e ;o—faﬂaupm L H
i-face blocked 1
atal 1
e Re ._-° =enaniiocontrol (eg)
HX 3

M M
R HR
enantioenriched

diastereocenriched
pyrroloindaline

Pyrroloindoline
Catalytic Cycle

2017/7/25
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IR & LB

2017/7/25

BD'CHN]‘:‘ :

13 prenyl

P

(1) MsCl

Br

(2) NO2PhSeCN;
H:O2

89% yield

(1) TMSI

Br
(2) NaBHy,,
(CHO),

89% yield

(1) 2; Me p-TSA OH
)* N
H |
20 mul% BOC
14
(2) NaBH4, MeOH | 90% ee
T78% yield
= \f}\ —
el Grubbs B N“EN
BOC  metathesis BOC
| 15 94% yield | 16
LAH
— 91% yield —
N N N N
H | H |
/i : /i :
(=)=Flustramine B (=)-Debromoflustramine B

Asymmetric Synthesis
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PROGRESS IN THE CHEMISTRY B

\e{mwu CTS 96

Volume Editor B. List Asymmetric
Organocatalysis in Natural

ASYmmEtric Preluct Syntheses
Organocatalysis

%) Springer O\ o
— £ %) Springer

Volume Editor: Benjamin List Mario Waser

Asymmetric Synthesis
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