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1. Introduction

Conventional strategies: chiral sulfide-centric catalysis

- _ Y
X R * )J\ v
m |+ R' H R/,, \\\H
O aufide, | o JZEN
su :
"__J | ¥ H R
N H
N2 R - -
X=Br| Y =0, NR", CR"EWG
i) * 1 )R
*/s\* |+ \:M
X R S_-_R A
ag L \éP/ NS R
" * . S 2
i) - HX i) 9
H i * *
Method 1: Y > Method 2:
alkylation J\ metal carbene
P
/deprotonation + R H transfer
hiral sulfide: é“ R
chiral sulfide: e Q /Y_ release R, Y H
i) usually complex structure H s 1
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High loading of chiral sulfides
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2. Organocatalytic asymmetric cyclizations

2.1. Asymmetric aminocatalysis

O 20 mol% 4
. . éw - - H R COH
| S~\"“R CHCl, -10°C : N
1 R 2 3 R 4
0 o} 0 0 o 0 0 0
vah vah vah vau
nPr Ph CH,OAllyl nPr
3a: 85% yield, 3b: 73% vyield, 3c: 77% yield, 3d: 82% vyield,
30:1 dr, 95% ee 33:1dr, 89% ee 21:1dr, 91% ee 6:1 dr, 95% ee

Enantioselective cyclopropanations of sulfur ylides with aldehydes

D. W. MacMillan, et al. 3. Am. Chem. Soc. 2005, 127, 3240-3241



2. Organocatalytic asymmetric cyclizations
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D. W. MacMillan, et al. 3. Am. Chem. Soc. 2005, 127, 3240-3241



2. Organocatalytic asymmetric cyclizations

Improved chiral amine catalysts

a) 5 4
/N ~N steps steps 0
|rll -— CO,H
N N™ N N NHT
H H H H s
11 4 12

b) o 0 0 _
11: 74-91% yields,
|9 20mol% 11 or 12 . 99% ee, 98:2-99:1 dr
H + SQL - H R
| b R' CHCls, -10°C y 12: 21-58% vyields,
. R ) or 4°C s & 88-99% ee, 97:3-99:1 dr

I. Arvidsson, et al. J. Org. Chem. 2007, 72, 5874-5877

P.
P. I. Arvidsson, et al. Tetrahedron: Asymmetry 2007, 18, 1403-1409



2. Organocatalytic asymmetric cyclizations

Chiral diamine catalyst

a)
O 20 mol% 15, ? ? Ph Ph
| |9 20mol%PhCOH ) k " 3
+ +
| /S\_/H\R- CHCly, 5 A MS, Y H,N  NHCy
13 R 2 30 °C, 3 days 14 R 15
o) o) o) o) o) o) o)
/III \II\ | /, \II\ /lll \ | )' \t
""" "Ph """ “Ph " Ar! =" AR
Y i Y wason |
Ph n-Pr Ph P

14a: 68% yield,
>95:5 dr, 90% ee

14b: 67% vyield,
>95:5dr, 71% ee

X.-M. Feng, et al. J. Org. Chem. 2013, 78, 6322-6327

14c: 65% yield,
>95:5 dr, 90% ee

Ar2: 4-Me-CgH, P
14d: 55% yield,
>95:5 dr, 89% ee



2. Organocatalytic asymmetric cyclizations

2.2. Asymmetric nucleophilic catalysis
5 mol% 21

(@)
C\ 0 1.1 equiv. DABCO R, OR"
H T |
| §\_/“\R, R"OH (1.2 eq.),
1 R 19

22 (1.2 eq.), Toluene,

rt, 6-24 h COR" 20
‘v, /s, ph/,
"Y)\opr o, OiPr . 0
COPh COPh COPh
20a: 62% yield, 20b: 51% yield, 20c: 48% yield,
9:1 dr, 89% ee 5:1dr, 90% ee 20:1 dr, 86% ee
(0]
Ph,,

OiPr /YN\ tBu tBu
N—Mes

Cl
20d: 46% yield,
8:1dr, >99% ee

21 22

Chiral NHC-catalysed enantioselective oxidative cyclopropanations of aldehydes

A. Studer, et al. Chem. Commun. 2012, 48, 5190-5192

10



2. Organocatalytic asymmetric cyclizations

Proposed Mechanism: N_ . Mes
0] > “‘IN
H N %
H o X g <j o}
22
s A
+ R'
24 -
19
es

_Mes o) NN~ R'OC
o\”<’N"-.N \_,——</N | H -\\\H
b NM : o /s

H HO R NAN

25
23 Asymmetric Nucleophilic
Catalysis with Chiral Carbene:
Redox Activation of a,b-
0 Unsaturated Aldehydes
S
H | yles Q
N o Mes

COR' 20
A. Studer, et al. Chem. Commun. 2012, 48, 5190-5192



2. Organocatalytic asymmetric cyclizations

DABCO-catalysed formal [3+3] annulations

R! R
0 R3 20 mol% DABCO
4270!\0 ﬂ\/ W 1.2 eq. K,CO4 BnOOC S\R3
——e— + R? S\ - | |
COOBn X~ acetone, rt, 1h o R2
28 29 (R? = Me, X = Br; R® = Ph, X=Ts) 30
(0 Ph (0 2-furyl (@) Me
30a, 96% yield 30b, 88% yield 30c, 17% yield
Ph
BnOOC | | S BnOOCIIS\Ph
@) Ph 0] Ph
30d, 29% vyield 30e, 42% yield

X. Tong, et al. Chem. Commun. 2012, 48, 2900-2902 12



2. Organocatalytic asymmetric cyclizations

DABCO-catalysed formal [3+3] annulations

Proposed reaction pathway:

T
s
OAc . Ph N
—g— DABCO R3N -
coon A CO,Bn 2a
28a 31

Nucleophilic Catalysis with Tertiary Amine

Ph s—

BnOOC S AcO" or Br
| =
L -MeX
0~ “Ph —*=

COOBn
30 34

X. Tong, et al. Chem. Commun. 2012, 48, 2900-2902

13



2. Organocatalytic asymmetric cyclizations

2.3 Asymmetric H-bonding catalysis

o)
I K )J\
O,N " S\)k 50 mol% 37, 10 mol% o-CPTU HN (o)
+ e =
\l = R 10 mol% DMAP, CHCI,, -10 °C F
R R R
35 2 36 /
o)
cl Ph Ph
\ N (0] O
/N / N NH NH HN
— }-NHz ArHN 37: NHAr
DMAP 0-CPTU S Ar = 3,5-di-CF3-CgHs
o) o) o) o)
HNJ\O HN)]\O HN)ko HN/U\O
/' —pn /' R /' —pn “%—Ph
g/ g/ R /:)_/ /)
o/— o/_ o/_ Ph o/_

(R = 2‘MeO"CeH4) (R =R'= 4-MeO'CeH4)

36a: 88% yield,
90% ee, >95:5dr

@)

36b: 80% yield,
88% ee, >95:5dr

36¢c: 75% yield,
82% ee, >95:5dr

(R = 3,4-di-F-CgH,)

36d: 87% yield,
82% ee, >95:5dr

@)

" o
0

R

HN)LO
/—)_/' 7—Ph
Ph o//_

36e: 67% yield, 36f: 72% yield,
94% ee, >95:5dr 80% ee, >95:5dr

(+)-epi-cytoxazone

valinoctin A

W.-J. Xiao, et al. Chem. Eur. J. 2012, 18, 4073-4079

14



2. Organocatalytic asymmetric cyclizations

CF;
Si-face attack

favored (o) directed as:tivation by H-
J\ bonding donor
: N N CF;

H $
FiC N NH H
: catalytic asymmetric

Y *-'
Ol‘ E _(sk/R/,ci) formal [4+1] cycloaddition Z+70
\\ ~‘.‘ O N + > 4
\ H -
T \“%f" i o
H, +.8 H O
b *

directed activation R
by H-bonding accepter

Z2—01

C.. ?\ 0]
o N :OH nitrene (%\ J\
j\J_/ rearrangement  _~\\ o HN™ O

R O//_ a R R R O/'/_ .

39 40 36

A proposed stereo-induction mode and mechanism

1
W.-J. Xiao, et al. Chem. Eur. J. 2012, 18, 4073-4079 >



2. Organocatalytic asymmetric cyclizations

| = 50 mol% 37

. R
<

0.025 M in xylene,
-25°Ctort, 72 h

cascade [4+1]/[3+2] cycloadditions

b)
I O
+ S\/lL 10 mol% 37
MeOZC + - - R' -
toluene, -40 °C
44 R 2 3 days
c)
| (0] 20 mol% 47
Y Br . CsF (1.0 eq.)
R b e .
Z R'
OTBS 18-Crown-6 (1.0 eq.)
46 2 toluene,
-20 °C, 3 days

= VYCO,Et
A 2

(@)
H
42: 63-99% yields,
up to 80% ee, >95:5 dr

O o}

COzMe

R
45: 35-86% yields,
up to 80% ee, 94:6 dr

RS
N/ \L.COR
H

O

47: 70-98% yields,
up to 78% ee

(AI' = 3,5-di'CF3'C6H3)

94

in-situ generated
o-QMs

The application in other enantioselective cyclizations of sulfur ylides

W.-J. Xiao, et al. Angew. Chem. Int. Ed. 2009, 48, 9542-9545
W.-J. Xiao, et al. J. Org. Chem. 2011, 76, 281-284
W.-J. Xiao, et al. Eur. J. Org. Chem. 2017, 52, 233-236

16
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3. Lewis-acid-catalysed asymmetric cyclizations

3.1. Lewis-acid-catalysed asymmetric cyclopropanation, epoxidation

/

49 50 51a (R= Me)
1.0 eq. of [Zn(OTf), + Ph-BOX]
63% vyield, 95% ee

Ph 51a (R= Me)
+\34< BF, O\Pﬂ,o 0.5 eq. of [Zn(OTf), + Ph-BOX]
ot {/I I\e 63% yield, 55% ee
N N
' 51b (R= Ph)

BuLi Ph Ph-BOX Ph 1.0 eq. of [Zn(OT), + Ph-BOX]
69% yield, 36% ee

o) (o)
o)
)]\ Q Ph Zn(OTf), + Ph-BOX )J\
0 NM\R S o 9 N R
o of THF, -78 °C \

The enantiopurity of products is highly dependent on the loading of chiral Lewis acid

J. S. Madalengoitia, et al. Tetrahedron Lett. 2000, 41, 9009-9014



3. Lewis-acid-catalysed asymmetric cyclizations

La-catalysed asymmetric cyclopropanation

o 5 mol% 55
O Y 5 mol% Nal o
/\/LL * S /Q)J\
R R’ il | N TH;/toluene =4/5 R R
4A MS, -55 °C
52 53 54
(0] (0] (0]
Ph Ph i-Pr Ph Ph Ph
54a 54b 54c
96% yield, 94% ee 73% yield, 94% ee* 89% yield, 91% ee
Li
i \
/4/“\ * O O *
Ph N @ \ /
O—La—0O 55
54d —
V) H 0, / / \ \
68% vyield, 98% ee Li—0O  O—Li
NaOEt/EtOH, 0 °C *
/Q/ﬁ\ o o C
Ph OEt 0 OH
94% vyield

M. Shibasaki, et al. J. Am. Chem. Soc. 2007, 129, 13410-13411

19



3. Lewis-acid-catalysed asymmetric cyclizations

La-catalysed asymmetric epoxidation

o 5 mol% 59
o Y 5 mol% ArzP=0 Me
)J\ * St _ ~0
R “Me ik THF, 45 MS, rt R
57 53 Ar = 2,4 6-tri-MeO-CgH, 58
Ph Cy EtO,C(H,C)3 3-pyridyl
58a 58b 58¢c 58d

98% vyield, 96% ee  88% yield, 96% ee >99% vyield, 91% ee 97% yield, 92% ee

/O_/La\_o\. OH (

S-BINOL Dual Control R

M. Shibasaki, et al. J. Am. Chem. Soc. 2008, 130, 10078-10079
M. Shibasaki, et al. Molecules, 2012, 17, 1617-1634

20



3. Lewis-acid-catalysed asymmetric cyclizations

Catalytic asymmetric kinetic resolution

a) o 5 mol% 59
Me o Y 5 mol% ArzP=0 Me, 0 S
R -~ | e THF/n-hexane R R
rac-53 53 5A MS, 45 °C (R)-58
Ar = 2,4,6-tri-MeO-CgH, R = Ph: 42% ee (R-58); 41% vyield, 73% ee (60)
R = n-octyl: 65% ee (R-58); 43% yield, 78% ee (60)
b) 5 mol% 59 20 mol% 59
O 5 mol% ArzP=0 Me 20 mol% Ar;P=0 )\7
R/U\Me ylide 53 (1.2 eq.) R>\] ylide 53 (1.0 eq.) R
- THF, 5A MS, rt, 12 h 5q THF/n-hexane
U 5A MS, 45°C, 72 h
R=Ar. 94-97% ee 62-86% yields, 99% ee
R = alkyl, alkenyl: 93-97% ee 58-88% yields, 99->99.5% ee

one-pot sequential reaction

M. Shibasaki, et al. Angew. Chem. Int. Ed. 2009, 48, 1677-1680

21



3. Lewis-acid-catalysed asymmetric cyclizations

Cu-catalysed asymmetric formal [4+1] cycloadditions

/
7R N\ //
|

o X 10 mol% Cu(OTf),

| § 11 mol% Tol-BINAP
e g L
N ~PS" R Na,CO4 (1.0 eq.), THF
2

N (0)
il
-15 or -20 °C, 24-96 h
R’

IS oy Q

—0
_N o) _N o)
)Nl\)---u</ )Nl\)..-u</ )\) |< |<
Ph At ph Ar EtOZC Ph

62aa~ag 62ba~bl 62ca 62da
81-95% yields, 84-95% yields, 90% yield, 54% ee 93% vyield, 86% ee
80-84% ee 84-94% ee
RN
OMe | P ,O\ 51{
Y ~ PAr, GCG] I
NN 0 AN | PAr
| centl < \ &
NS R
o
62ea Tol-BINAP Activation Model
92% yield, 42% ee (Ar = 4-Me-CgHy)

C. Bolm, et al. J. Am. Chem. Soc. 2012, 134, 6924—-6927
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4. Transition-metal-catalyzed cyclizations

4.1. Through the formation of metal carbenoids

R3
R" R? H i
H R3 R R COOEt
63
is-65: to 80%
+ [Cu(semicorrin),] cs upto °ee
H.__ _CHO,Et - and \ u
Y 82 °C R2 g8 7N &
Ph/§\Ph R1 H R= Cmeon
. Cu(semicorrin
64a H R coomr | I )al |

20-55% yields and up to 77/23 dr trans-65: up to 76% ee

b | |
() : ] i /O\
r\ O)Jﬁ/ H [Rho{(2S)-mepy},] . N coz
O
| I
| SPh, DCE, 82°C /Rhé;Rh/
- : | |
64b -
Rh,{(2S)-
40% yield, 69% ee | LR2{(2S)-mepyldl

(c)
O -0  [Rhy{(2S)-mepy}4] e e,
= o) + )':O
- DCE, 82 °C r
SPh,
64c 67, 8.5% yield, trans/cis = 27:73

ee: 85% (trans), 93% (cis)

J. Rossier, et al. Helv. Chim. Acta. 1999, 82, 935-945



4. Transition-metal-catalyzed cyclizations

0] ﬁ O B O 7
- S+\ 1 mol% [Ir(COD)CI], _ [
| DCE, N5, 70°C, 8-18 h
NHBoc NBoc NHBoc
68 69 = 70 i
(@]
(o] O o]
1 _ NBoc | NBoc
oc : TBSO"
07 “NHBn
69a 69b 69c 69d 69e
74% yield 82% yield 86% yield 90% yield 67% yield

. K. Mangion, et al. Org. Lett. 2009, 11, 3566—3569
. K. Mangion, et al. Tetrahedron Lett. 2010, 51, 5490-5492

25



4. Transition-metal-catalyzed cyclizations

O
NBoc Ir(L)n
69
"OH
Ir(L)n Iridium Catalysis:
Intramolecular N-H Insertion
N of Iridium Carbenoid
\Boc
71"
0]
Autoprotolysis process Ir(L),
+N/BOC
\
H
71

. K. Mangion, et al. Org. Lett. 2009, 11, 3566—3569
. K. Mangion, et al. Tetrahedron Lett. 2010, 51, 5490-5492

NHBoc

s lr(l—)n

NHBoc
70

26



4. Transition-metal-catalyzed cyclizations

The preparation of pharmaceutical agents

a)
(0] o}
CbzN 3 steps il
= | B N
NH, H
72 73 NHBoc

NCbz
/Q [Ir(COD)CI],

toluene, 80 °C

o) HO,,,
NBoc ¢ LiBH, NBoc .
., _N ., _N
n/ MeOH, THF, -15 °C H/
74 O NCbz ©67% yield (two steps) 75 O NCbz

"0380 0

7 steps O‘

I. K. Mangion, et al. Org. Lett. 2011, 13, 5480-5483
P. D. O’'Shea, et al. J. Org. Chem. 2012, 77, 2299-2309

MK-7655:
a-Lactamase
Inhibitor

27



4. Transition-metal-catalyzed cyclizations

The preparation of pharmaceutical agents

b) CO,Et CO,Et
2 2steps N [ircob)cil, -
” toluene/DMF,
EtO,C CO,Et . /- 80 °C, 83% yield
o=¢— ©
\
CO,Et
kel gy \ MK-7246:
N CRTH2
Antagonist

/N—Me
Ar = 4-F-CgHy ArO,S

K. Mangion, et al. Org. Lett. 2011, 13, 5480-5483
D. O’'Shea, et al. J. Org. Chem. 2012, 77, 2299-2309

28



4. Transition-metal-catalyzed cyclizations

Ir/acid-co-catalysed cascade reactions for indole and pyrrole synthesis

R2
N -l
R1_I h R1—: \ \ /
N~ Z N
NH, o o H
79 g, Me 2 mol% [Ir(COD)CI],  82: 54-86% yields
~ 10 mol% p-TSA
or +  R2—L A =+ Me mole p or COOR?
L Toluene, uW
H.__COOR? 81 I\
| | N Me
R' R* N
\H Me = R1
80 83: 55-78% yields

K. H. Hopmann, et al. Angew. Chem. Int. Ed. 2017, 56, 4277-4281 29



4. Transition-metal-catalyzed cyclizations

0 Ph Proposed Mechanism

atorvastatin

(Lipitor) i
Ipior
iPr P )H
Ph
Ph'NH,/H*
- HN
4 IO

O 86

. H
IrICI 2
COOH phJ\/[r] N-
. @ Ph
H,N P
N~ “Ph
85 87
NH,
81 0O 0 ‘_/
[l _Me
s
Ph)J\_/ + ~Me 9
[Ir(COD)CI], - _in*cr
-DMSO Ph \
84 79
H
-H* gl
N ~ N7 ph
82 88

K. H. Hopmann, et al. Angew. Chem. Int. Ed. 2017, 56, 4277-4281 30



4. Transition-metal-catalyzed cyclizations

4.2. Through catalytic activation of alkynes and alkenes

R O 5 mol% Au(PPh;)NTf
// & )J\/é+ o Au( 3) 2 \ /
R' - \Ph DCE, 60 °C

89 920
t-Bu
G
n-hexyl n-hexyl 3 OTIPS
91a 91b 91c (R'= 4-Br-CSH4) 91d (R' = 4-CN-CgH,)
63% yield 51% yield 61% yield 67% vyield
RI O Rl O Rl O
y 5 |/ \ /
7 OPiv 3 NBNnTs 3 Cl
91e (R' = 4-CI-CgH,) 91f (R' = 4-CO,Me-CgH,) 91g (R' = 4-Br-CgH,)
48% yield 57% vyield 30% vyield

T. Skrydstrup, et al. Angew. Chem. Int. Ed. 2012, 51, 4681-4684

31



4. Transition-metal-catalyzed cyclizations

+
P
93 R™ ™
Gold Catalysis: I
Intramolecular Cyclization [Au]
of Gold Carbenoid
R id S
R <" “Ph
91 X, B 94 0
= |J o | )
@)
R R t., i T R( |
R [Au] [Au]

T. Skrydstrup, et al. Angew. Chem. Int. Ed. 2012, 51, 4681-4684

32



4. Transition-metal-catalyzed cyclizations

10 mol% Au(PPh;)CI
- 0,
R.MX/(‘);,\\ 10 mol% AgSbFg

_S. DCM, 25 °C
Ph™ + "Ph (X = 0, NMe and CH,)
96
b)
O O
5 or 10 mol%
R - - . //Ar t-BuXPhosAuNTf,
S / toluene, 100 °C
Ph” + Ph
98 89

N. Maulide, et al. Angew. Chem. Int. Ed. 2012, 51, 8886-8890

R @)
T
o) X
e
n
97

45-99% vyields

-
\ /

ROC Ar

99
42-68% yields

33



4. Transition-metal-catalyzed cyclizations

Aoy,

Ph” 3 ph
100

d)
02 O O D2 \ \5 2|
G : v ;
\Ouo/ 10 mol% ch\ DZC 1
| . || #BuXPhosAu(NCMe)SbFg 0 F %
Ph” +"Ph DCE, 100 °C o 2
- 3=
[D4]-100a: >99% D ——Ph "
89a Ph
- 102
\—coz O o tBu
[3,3]-c \ Bum; t-BuXPhos
o) P
event iPr
DG~ o)
i = _>—rPr
Ph
iPr

[D4]-101a: >99% D

10 mol%

t-BuXPhosAu(NCMe)SbFg

// .

DCE, 100 °C

R.
101

32-77% yields

[3,3]-sigmatropic rearrangement

3'

N. Maulide, et al. Angew. Chem. Int. Ed. 2012, 51, 8886—8890

34



4. Transition-metal-catalyzed cyclizations

Au-catalyzed cyclopropanation of alkenes and allenes

a
) o o R, _/O t-BU/ ‘l +
t-Busss_a.._
R = X - i-Pr SbFg
| L DCE, 100 °C _ O Co—ipr
Ph” 2 Ph 67-99% yields R = -Pr
103 (X=0,NMeand CHp) . 104 !
b) EWG! EWG?
S G 5 mol% PPh3AuCI
Y —— 5 mol% AgOTs
+ =, -
& N—R'  DCE,0°Cor23°C N
Ph” + ~Ph R 72-93% yields NL
98 105 106 R~ "R’
EWG' or EWG?: ArCO, RO,C, NC, (EtO),PO or Br; R or R' = Ts, Ar, Bn or Me
o P e g

N. Maulide, et al. Chem. Sci. 2013, 4, 1105-1110
N. Maulide, et al. J. Org. Chem. 2015, 80, 5719-5729
N. Maulide, et al. Chem. Eur. J. 2014, 20, 10636—10639.

35



4. Transition-metal-catalyzed cyclizations

Intramolecular cyclopropanations catalyzed by a bimetallic chiral gold catalyst

o) o) 2.5 mol% 107
5 mol% AgNTf.
Ruo/\/ i s . R
toluene, 75 °C
S,
Ph” + “Ph
103

EtO

104a 104b
74%, 78% ee 91%, 82% ee

iPr

104d 104e

94%, 78% ee 99%, 82% ee 9

N. Maulide, et al. Angew. Chem. Int. Ed. 2015, 54, 10365-10369

Me

104c
88%, 72% ee

104f
5%, 78% ee

0...0

=
N Au—Cl
Ph L
Ph
Ar = t-Bu-CgH,
107

low loading

36



4. Transition-metal-catalyzed cyclizations

a)
O O Me 2.5 mol% 107
0,
- MO }\/ 5 mol% AgNTf, N o 72% yield
toluene, 75 °C 92% ee
Ph/§\Ph >99:1 dr
103g
b)
O O 2.5 mol% 107
0,
MeOMO/\/\M " 5 mol% AgNTH, 86% vyield
toluene, 75 °C 88% ee
e >99:1 dr
1039’
© o o 2.5 mol% 107
19 NTf
MeOMO/\/\Et Smol% AgNTl, o 85% yield
toluene, 75 °C 90% ee
Ph/§\Ph 3 >99:1 dr
103h 104h

N. Maulide, et al. Angew. Chem. Int. Ed. 2015, 54, 10365-10369

37



4. Transition-metal-catalyzed cyclizations

d
} & B Et 2.5 mol% 107
0,
e MO /\/l 5 mol% AgNTf, 92% yield
toluene, 75 °C 90% ee
S .
103h’ 104h
e) 0 0 o
MeO Smi, MeO LiCl
THF, rt, 6h L P omsomo L °
68% yield Me" 140°C, 18 h Me"
CsHy CsHq CsH4
104i 108 109: 63% yield
96% ee, >99:1 dr (trans-cognac lactone)

N. Maulide, et al. Angew. Chem. Int. Ed. 2015, 54, 10365-10369



4. Transition-metal-catalyzed cyclizations

Gold-Catalyzed
Stereoselective
Cyclopropanation

MeO

SPh,
_ 5 B _
_ s~~~ Me
MeO 07 F
S Au
. Ph”+Ph 111 i

N. Maulide, et al. Angew. Chem. Int. Ed. 2015, 54, 10365-10369
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4. Transition-metal-catalyzed cyclizations

4.3. Through catalytic activation of allyl and propargyl carbamates

Ts
116a
95% vyield,
94% ee, >95:5 dr

116d
86% yield,
95% ee, >95:5dr

W.-J. Xiao, et al. Nat. Commun.

(0]
4
Ts

5 mol%
5 | O Pd,(dba);*CHCI,
+ + -
ne /S\)kR- 11 mol% 117
o) 0.1 Min CHCI,
-40 °C

. i
. Pd—117
Ts Ts 4 63
116b 116\, AN
95% vyield, 81% vyield, Ts /'\ Ph

97% ee, >95:5 dr 87% ee, >95:5dr

Electrostatic Interaction

o
i </
Ph
Ts
116e 116f
89% yield, 96% yield,

88% ee, >95:5dr 93% ee, >95:5dr

Possible Configuration

2014, 5, 5500-5505
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4. Transition-metal-catalyzed cyclizations

Fe-catalysed decarboxylative formal [4+1] cycloadditions

a) -
P L
/SYR 10 mol% TBAFe
= o .2 10 mol% 118-HCI
R—- + or R >
L 2 /g o tBUOK (11 mol%)
N O I CH,Cl,, 40 °C
Ts S + . 53
115 T

(0]
EERRN ] </
Ts Ts tBu Ts NEtz
rac-116a rac-116g rac-116h rac-116i

88% yield, >95:5 dr 83% yield, >95:5 dr 60% yield, >95:5 dr 95% yield, >95:5 dr

/
H (0]
arntl </
N H N Ph
Ts 74 Ts Ts
rac-116j rac-116c Ph rac-116k rac-116l
77% yield, > 95:5 dr 69% yield, >95:5dr 53% yield, > 95:5 dr 54% yield, >95:5 dr

W.-J. Xiao, et al. Angew. Chem. Int. Ed. 2016, 55, 2840-2844
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4. Transition-metal-catalyzed cyclizations

Different reaction pathway from Pd catalysis

b) c)
N_ N Proposed
= Mechanism:
Cr two S\2'
+ 2
118-HCI o=
1 [Fe] Yes
D [Fel <IN
= Sy2 = Sp2'
/& 2a ©
NS0 N
Ts Ts
115a 119: c-allylic iron

Ts

119’

+
(-‘SMez

COPh

W.-J. Xiao, et al. Angew. Chem. Int. Ed. 2016, 55, 2840-2844

42



4. Transition-metal-catalyzed cyclizations

Cu-catalysed decarboxylative formal [4+1] cycloadditions

10 mol% Cu(OTf),

x|, 8 11 mol% 123 R
* /S\/U\ ' > R
Ph R 3.2 eq. iPrNEt,,

THF, 0°C

O
ol = (o]
R4 /&
“: N O] X =Me0sO;y or BF,
\_ 120 121

I I I I

90-99% yields,

84-98% ee, >95:5 dr

90-99% yields,
91-95% ee, >95:5 dr

82-99% yields,
80-95% ee, >95:5 dr

Novel propargylic carbamate reagents

W.-J. Xiao, et al. J. Am. Chem. Soc. 2016, 138, 8360-8363

80% vyield,
84% ee, >95:5dr
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4. Transition-metal-catalyzed cyclizations

b) c)
[Cu(OTf),e123],

Oy@/O @
C—-N /,', //N/\th V@

1
:
1
s e
Cd || |
l

(Tfo-)Z :>

! j "ph Re-favored j]:
Me <
/K/@/Q Two Copper:

Cooperative Catalysis NH
structure based on X-ray ) proposed mode of
diffraction analysis Ts stereoinduction

i,

P ': I,
Ph C.

-
-

W.-J. Xiao, et al. J. Am. Chem. Soc. 2016, 138, 8360-8363
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5. Photocatalytic cyclizations of sulfur ylides and related transformations

(0]
5.1 SET pathway saturated DCA Bz
| B )J\ in CHyCN
sl)J\ = +
A Ph hv (450 W),
N > 400 nm Bz Bz
2a excess 124 125
isobutene 52% yield 26% yield
| O Ph
S+
> < Ph +e o Bz Bz
129 ——
Ph - SMe, (0]
130 125

Bz

o) 4 B Ph
\SMe2
o)
|
: — L
|, -0 | 5
S ) el
" "Ph al Ph
2a 6 R

isobutene

12 127

DCA* O DCA CN
hv m/ \§
DCA DCA™ OOO
> "
| (0]
+®@ -SMe, /S+
128

124
G. B. Schuster, et al. J. Am. Chem. Soc. 1989, 111, 7149-7155



5. Photocatalytic cyclizations of sulfur ylides and related transformations

3-acyl oxindole synthesis through photocatalytic activation

a)
{ OH
'}’ S 2 mol% [Ir] /
e NWR 3 W blue LEDs, rt R o o
B » 5 8 KH,PO,, THF, degas . N
H \,
R
131 132: 46-92% yields
b) . - -
NG OH
|9 /
NT]/l\H/ as above 20 mol% 133
©/ g © CF4CO,H (40 mol%)
© ©O \ 2.0 equiv 134, 1,4-dioxane
131a © 132a )

O :
. S NH,
Two-Step, One-Pot: | N - 134 0]

“Ph 63 % yield, '
O 94 % ee, >20:1dr !

N '
\ 135 : N

W.-J. Xiao, et al. Chem. Eur. J. 2016, 22, 8432-8437 47



5. Photocatalytic cyclizations of sulfur ylides and related transformations

€]

[ir]*
hvﬁ%7//

[ir] [T

131a
E, =+0.99V

[T/
oXx
Eyp =+121V

[IF]/[ir]

®
Eln =-137V
F F o[ 12 ‘
&
9 OH
©/ COMe ﬁ
o
o) 6 ’
131a 132a
-@ +@ +0
+H*
5
| s COMe
! COMe
@ cone m
I 0
136 “\ 138

W.-J. Xiao, et al. Chem. Eur. J. 2016, 22, 8432-8437
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5. Photocatalytic cyclizations of sulfur ylides and related transformations

5.2. ET pathway- photolysis of sulfur ylides

MeO,C.___CO,Me

‘s BP ) MeOchCOZMe . Meo,_.cxcone
@_/7  CHiOH H H H OCH,
140 v, Sonm 141: 65% yield 142: 7% yield

O = it

o hv

S
)k/ N e D
BP BP*
143

*

MeOZC\_(COZMe [ MeOZCYCone i }
S S MeO,C.__CO,Me
/ / L
140 i 140* _
H-CH,OH

i in the absence of BP: :
' MeO,C CO,Me MeO,C CO,Me

141: 5% yield 142: 70% yield K +
................................... H H 141 142 H OCHj;

CHZO-H

W. S. Jenks, et al. J. Am. Chem. Soc. 2007, 129, 15746-15747 49
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6. Conclusions

New
Concepts

Photocatalysis

(SET Oxidation, ET Activation) New

Reactions

New
Reagents

€ Avoidance of stoichiometric chiral pools

€ Extension of reaction types and reagents
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N__s
=~ -H A =5
Nl Ph ~
Ph/“ﬁ”@)] 0 1a
S D 4
A H
r\N)‘I\N
H oo H o, Ho
Ph)l""(asé/o'H’N\f
ph/\\r/NO2 Acid catalysis D N
. SN NT HT A
D 2a Ph */ %

9 e /<
o @
5-N"N0 0.0 Ph

)_1 )Q I\ Ar\, JI\ .H
PH =0 D N AzH

Ph
3a' Ph 6
DMAP
DMAP
N 0
DMAPD
DMAPD D
Ox-0  Ph
,O
N S
N 0 \
12 © 0O
Ph Ph 8
{ Base catalysis ]
/
\Mv"@ Ph
Sy .00 Ph
(,N O @" ) --\I\<
Ph 11 *

Q 9 Ph
\NO Ph

Fs
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{3
Ph Me

7

-H,0

_bm—

Ph

O
H
ROOC )
I
NH

Me

Ph <
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H
COMe
/ Enol 1,2-H Shift
O | = — @) 2a
Tautomerization Aromatlzatlon
N N I -
\ 2a \ 22
\®/ COM COM
S e ¢
IL Eip=-137V
%COMe 15 e
O
1a
Ep =+0.99 V )
Photoredox
Catalysis Cycles @ Path a
COMe
e
[r]* E1/2 +1 21V (Ir] ® @)
P \ \S/ N\
| S H\ _come D
N COMe—_ 3 W blue LEDs o _KHPO, }
\_/ N Path b
A B |

W.-J. Xiao, et al. Chem. Eur. J. 2016, 22, 8432 — 8437 56



