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Progress of Cooperative Catalysis in Organic Synthesis

Sun, Zhe He, Jinmei™ Qu, Mengnan Li, Kanshe*
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Abstract Cooperative catalysis has been widely considered as one of the most powerful strategy to improve the synthetic
efficiency. The progress of cooperative catalytic in organic synthesis is reviewed, mainly including metal-metal, organ-
ic-organic and metal-organic cooperative catalysis.

Keywords metal catalysis; organo catalysis; cooperative catalysis; organic synthesis

A LA R AR G Y B AR AR 0 I R AR TR R, (D) Ry 5 Ry TR A4,

TEAGHRE SN, AT PR S B RE 22 5 5 b — AN R Bl is
A S S R A SO, T8 B R RN AR E .
fEAAR R TR e RNV BA RS, (HEE—Em
JRPRYE. DRI, B AT R AR R — B AR A L
B AT ) — KAIF T 77 ) R Bk, e, 3 el 2 79 e
DL BRI Z 5t R &R, PRI AT SR A AN g B
FEHELLURAERRBL, BAGES. &5 g, BERR
SR s R TR RS, fEHwRit S &
B RIRFEDNE AL A Ak 2 b A T2 B R A2
LA A A 5 B A B 1) DR B AN (R A 551 2
() RE 75 I A7, % m) FLOR, SORE G i 4057 2 [R] % R
(AR FH g A L 2 2 M, B IR— BBl Ak IR — Rt ik 1)
HER, P R RE T R R0, IRAR RS
AR FNLER AN [R], SLfEfe Ak R mT 40 9 D02,
Scheme 1 ffn: (DMEALF A T B 2 5E LA R (R4
R, FIR,, BOPMFEIMEA, P FfE At S e 32 21
— RS (D) AMEASe E iEA F — AN ROBEA,
A SER RV Ry iGN Ry, B R RyVEL A R, 13K

Chin. J. Org. Chem. 2015, 35, 1250~1259

* E-mail: jinmhe@xust.edu.cn

fEALTT) A R B[R 1% E A (IV) P M4 7[R
S AL — AN SN, FEFR SN Ry WAL Ry ARYE
AT AN, LA SR 7 - R LA
A BN R~ UL =R,

. \p— R4
— RR
B Ry 1Rz
I
() R,

_— R1_R2

Rz — Ri—» R,"

\p— [Ry]*
— R—R;
[SJ— Rz
(U]
A B R

—_— R1_R2

R2—> Rz'

B 1 Ik Rk

Scheme 1 Classification of co-catalytic systems

Received October 11, 2014; revised December 22, 2014; published online January 13, 2015.

Project supported by the National Natural Science Foundation of China (Nos. 21102113, 21473132, 51173145), the Natural Science Foundation of Schannxi
Province (No. 2014JM2047) and the Shannxi Science and Technology Department (No. 2013KJXX-41).

FE R H AR E 554 (Nos. 21102113, 21473132, 51173145), BEFE2 H A5 4 (No. 2014IM2047) [ B 7624 B 22 1R B 78 K e 11Kl (No. 2013KIXX-41)

HEITIH.

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 1250~1259



Chinese Journal of Organic Chemistry

REVIEW

1 €R-SR#LEK

S B AEAGTIE A ML ) 32 B AL 7, AR5
FERTER NN . 4 e e A7) ] sy 235 s A R SR 25 288
C—H#. C—CH. C—O ## & C—N 8%, ¥ HT
A, WA, B, TR Rt RBL, fE2
Yoy R e B GeRFIER GV 8)& B
WA Z N, ESER, PIRRE L 4R s 4
J& — 4 JA LA AL A R R AT AR — 0 P9 TS A 2 AN S BT
MRS KBRS, R —&BELERIAR
B M 32 B AE R bR, DA A AU 1 S
— 9T 5 B,

LA A 1 I TR R e R A e AR Dl — SRR S5 A AL
SRR A RO R O 2 U A HLA R, Feringa AifF
FUAHMR F LML e mE, LLaJE Cu F1 Pd LRI S
R Z, @ Cu AR BB B0 A B ) AN X R
1A- IR CA S R BRI Pd AR AN KRR I P ik e i 4 e
R, RO AR T 2 BUR B F 13 SR &, W

Scheme 2 fli7.
OO Ph
o > .....

=P-N
o/

o T W7
2

Cu(OTf), (0.5 mol%)

1 Me,Zn (1.2 equiv.)
2 (1 mol%), toluene
l -30°C, 3 h

Cu catalysis
Pd catalysis

Pd(PPh3), (2 mol%) OzZn
allyl acetate (1.1 equiv.)
°C, overnight

(@]
,,,,, 3

4

B 2 AT E AR A R AN KT R0 I B4 T B AR

.\_\L
Scheme 2 Tandem asymmetric conjugate addition-allylic sub-
stitution reaction catalyzed by Cu and Pd

) FH 3k % 4 8 Re 6 v AL R L R 1R R, AR BURBIE 7L
AL Au AT Ga BISEEALIA R, SRR a 8- ANHAN
Big MRkl RN A T B ARG X
R [4.n.0148 6 b &4, Wi Scheme 3 A7, 7E Au [
AERR, RN E T exo-dig FRLAE ARG I%, BE
Ji Ga fEA Lewis B8 5SAMIFIERILL G 6 /EH, i
553005 e v (a0 A4 R A R BRI S HL T 7R SR IR %A 4% Diels-
Alder V.

Chin. J. Org. Chem. 2015, 35, 1250~1259

© 2015 Chinese Chemical Society & SIOC, CAS

I

NHTs COOR
I . o AuCI(CH3SCHj) JHzo
/ / | 5-exo-dig
R1
5 6 Ts< i
AuCI(CH3SCHj3) (5 mol%)

Ga(OTf)3 (10 mol%)
40°C,1.5h
Diels-Alder Ga( OTf
2
I 0-Ga(0Th;
N\ /

N \ /o
n H L’VR1 \
8

B3 SRS A O i R 5 )
Scheme 3 Synthesis of fused bicyclic aminals catalyzed by Au
and Ga

(IR, )P I I 4 Ja e R B e S B2, 1) 24
WA HHRIE T LL Cu(OAc), Fl FePO, (3L I R, 18
iob 2 SE N AU ) AL RN, DA R Ak 2 i 4
PR AN X 30k £ 145 B 7 R AT B AR ) M ) K e I
[1,2-a]MtnE St &40 11, B1Eq. 1 iR, &N A, Cu(Il)
TR IT S 2- FERk i ) R R A, g3 ]
JEf 3R, FePO, ENEAFIE Cu(DE N Cu(Il) 5 K
HEALIEE.

EWG
NH, EWG
CU(OAC),, FePO,-4H,0, PWOH N7 X—Ar
AN+ NEVANG)
\/J DMF/DMSO, air, 130 °C [
R Ar / />
9 10 R
R = H, Me, Ph, COOMe 11

SR mEEY S C—C, C—N M C—
O 552 Bk H 4t w&?ﬁ%&bnﬂi&ﬁj, MR
W 2T Bt irsz —". Nakao 7t 41®
MRIE TR A48 Ni M1 Zn(Me), B0 Al(Me); K& @
Lewis FRZ B SR R, SCHL T IERE 2 Arfsont ks
IINE B, PIAST 2-Jd B B L e AT 2B 4. R 2K
LIRS, Ong W1 78 AR IE T Ni Fl ALSEAEAL #50F
BRI K 2SRRI B, Ul Scheme 4 fTzs. TFALER
B, 41 e NAK R AN Lewis B2 AlMes i, 347 BH
o) 2 AR R PR 15, WS AlMes, W HH HL TR0
P A BB =) 16.

T VB 4 A A PR Bl SR A A TR G R I R UK
IR RN B BN S AT AR A ROT15 2 —, FER
fehif 7T AL O AR IE T R Cu A1 Pd 3R HELR IR &R, DL

http://sioc-journal.cn/ 1251



BIHE

Z;w LESIES Ar

Arj\/
EN/u-éﬂiM

16 <j Ni(COD), 15
%/ \,/14

\
13 g

B3R 4 BLATERIL AR AL A R IR IR 5 2R 20 1 DX sz 4
I

Scheme 4 Regioselective addition reaction of benzimidazole
and styrene catalyzed by Ni and Al

AR Uiy RS R 2 R B UK P I o SR, a4 S 1
TR AL DI RS, SEIR T 2R RS SR AZAR T 0T A
AR FEBEVKR I UM BT IR B, e A 31 T A 258
28 b EH IR FFIAFEY) 22, U Scheme 5 Fis.
HEN G E SR FME T REREEFE
R/ REMN—AEE S, W0 RA" R E
Rhy(OAc), 1 AgOTE RFEMENF], LL a-FHEEEE. 2-Fhik
75 W fi S I K A SR}, S B IR R Bk - = 2 5y
N, DR RRE T 1,2- ARt &Y.
Scheme 6 7R, RV o-E &S5 Rhy(OAc), TEHTE K
&R R 26, BF 24 1E RN S 48 R =RV AE R
PRI LA 27, [N 2-RIE T EE W REAE AgOTS HIfE
F N A SRR i R A 28, e AR E [ AL
4527 Wb R 28 FFRAE B 1,2- A S ML & 30.

17
18
(R)-xyl-Binap CuOTf
Pd(OAc),
R2 Cu

e )
Rl_— + N Pd(OAc),/(R)-xyl-Binap )
— R2 Y R

CuOTf, DME, 0 °C

[Pd]
(Pd]" + N, RZWW

R' = Ar, n-Bu, Et;Si; R2 =H, OMe, Me, Br; R® = Boc, C(O)OCHj, Bz, Ts, Ns

B 5 H AL A ) B T B DR s 55 AR SR R AN e RT3 s I

Scheme 5 Asymmetric ring opening reaction of aza-benzonorbornadienes and terminal alkynes catalyzed by Cu and Pd

N
0
N, —N—R* Rhy(OAc), (1 mol%) R COOR?
R *ROH + _AQOTI (5 mol%) _ RS
COOR? SN CH.Clp, rt, 1h N
23 24 25 A ~pn
30
yield up to 93%
RhL, TfOAg ]
R+ _H
R R1] COOR?
\ / S\
Pth R3OH N o
~
COORZ R1/{\COOR2 Ph N
AgOTf- P
26 28 Ph
23: R1 Ar, H; R?=Me AgOTf
24: R®=H, CHj, i-Pr, t-Bu, Bn, 9-anthryl-CH, 29

25:R*=Ar

B 6 R BE AN = 30 HY e i R R L AR A 1 = 2 40 R BC A S 82
Scheme 6 Tandem three-component cyclization reaction catalyzed by Rh,(OAc), and AgOTf

1252 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 1250~1259



Chinese Journal of Organic Chemistry

REVIEW

& JF -4 SR BAT R ORI e K ik R P A
AN R 465G IR MBS R e
Ak RIFP AR FEMEHFE, 0 Cu-Pd FLfE1L.
Cu-Fe JLAEAEIBI0 Tr-Ru JEEALIY Au-Ag LML)
Co-Ti FLAEAL!O Ni-Al JLfE 4L . Ru-Pd FLAEAL! 1451k R
FEA LA B A IR AF RIS .

2 AH-BLER

HAMZLYI RS, APV — S,
IEAEE SR SR BT 4 77 16 LS T =M som ™, % m
AP AN AU Bk, B RERK
FHEREIR T RUMEAG TS, IR ML SR] 4 i
¢ﬁhﬂkﬁ¥é%‘ﬁ%ﬂt$%%£ﬁﬁtm»m)
T FHA A S A B R R =G S, AL
AR AT OB AR AT AT B il & B . ik
PRV SO0 AT 52 B T B bR, RPA LA RN
R ARMAEARWIH &, E7E— 8 5 F T T AR A AR A
AHUEFIRAT “AE7 , A H-A PR R
Perm B AR OO A U ) S —HF 55 77 1),

21 ABiRR-RARLEL

H 2000 4F List 254058 T LIS R AL A K B
aldol 4iA [N, B HUEAE N—REBEIEHREN A
ML A 751308 o 9 g 7% A v 38 i PR AL B P 1 SR A% P e
TFPEBIRAE A HUEA T — R, 85 s ST R
S, (ENEAL AL T m S E U EASN LUMO fE
=K, AIE R T2 g . E B A& AL
e ABR IR SR 2 A, Jl e o G A S AR R P
1 70 A o J R, T R T B v R B R 9
Melchiorre W7 41T 2013 4F4E 7 FI FH XUE e H 10
F ARG -BRIR AL, @b R, SZET
J-HEIN OIS a-BRIEER A X FRIGE aldol 466
N, W1 Eq. 2 o, ZUER R, A7) 33 1A
55 3-F IR ORI TE B 0 e L ys Ak, T R A 5 )
ot S AR TS a- PRI,

33 (20 mol%)

)S( OR? ben20|c acid (50 mol%)
+R!
toluene, 4 °C
Me

R' = Ar, 2-thiophenyl, Me, (CH,),CO,Bn
R?=Bn, Et, Anth?

34
yield up to 91%
CF3 ee up to 94%

Ph\»/J‘ /L:ijl\ch

H
NH2 33

Chin. J. Org. Chem. 2015, 35, 1250~1259

© 2015 Chinese Chemical Society & SIOC, CAS

RN E (DMAP) K B8 b b A B
R SOSEE FBEAN B PO A L« BRIEAL . B AL K BB b 25 N,
O A MG B B AL 2 —. % T DMAP
W RIEALIERE, 2011 4F, Seidel BF 7t 41 R T FI A
DMAP FIF- 11 B et IR LA 7, LUK FE BRI 9 AL,
WA, I T AT BEAS R R B E AL, W Bq. 3
FiR. IR R T, DMAP AL ER BT A BE Tk 11
N-P e PH &7, 1% 0H & 75 T W IR TE B X,
i 22 DU v PR KT SR 3 1 S B T P R A i ) e
PEREAL, 1A TN B A T AR R B A R 25
(ARSI T A 80T v

o)
ci DMAP (10mol%)  —Ph
HoN co-catalysis 37 (10 mol%) HN NHZ
20, NEt3 (1.1 equiv.)
+(PhCO),0
HN® PhMe, 4 A MS O O
-78°C, 4 h
cl 36
35 38
O<_R
N R R $ S 3
“ SNTONT NH HN—
. H H HN
FiC
NMe, X CF,
TR T CFs 37

2.2 FEHE-EH SR EL

AR R — 2 B A BORRR 1 A HL/N o 71
1, IR PR R AL /E A Bronsted FREE {5+
55 R A, B T U S S RT A AR Ay
FIRALH B, R E VBRI A A & A S
R . TR 7 B s T B — AL
PR Y, i I U T D ] L P O I T O Bl I A
AL FE AR STARIR B, AT S i 5 IR R 14 .

Toste BT 782022 4 40 7 I A Tk B IR 41 AN 56 1R
P 42 LRI R L. W Eq. 4 Fiw, ZER
PV A A AR B i, T I IR A AR e A% A A 71
5 m M AIRA Selectfluor LS T5F, ISl T
FRIE o AL AT R AL

10) /—CI Chiral anion phase
K transfer cataiyst 41
ikttt Al

+ 4)
NJ Amino acid-derived F
+1) F  2BF{ enamine catalyst 42
39 40 43
CgHq7 Ar
)
00 =0

O 0" "OH ﬁlH
|O 2
C8H17 Ar 42

4

http://sioc-journal.cn/ 1253



BIHE

23 BiE-ZEFFEREWL

BAI R AN —FRE BRI HUEIT, nlB R
B SR M 2 A A, A e SR R A SR
P, IR R B AL I 2 BE g4 B P2 R Stetter
R 2009 4E, Rovis BF 58P AT — 2k 46 Al
MR E AN R E 48 NI, i ALY
AN R I 50 SR AR R T N B AR
N, RO T 2 PO B R T AR 1 2- R R
TRERZEA &Y, U0 Scheme 7 FT7s.

o o
JOI\)OL o .46(20mol%) « o
__/ Base (10 mol%)

1+ _—
X% RRY 45 sohent10h,22°C| o o
o HO \\R1
48(10mol%) M, N_o
R2
49

80% ~ 97% ee
59% ~ 93% yield

X = Me, OMe, OEt, t-BuO, SEt
R'= Me, n-Pr, Ar, OTiPS, OBz, j-Pr
R?= Me

B 7 T QURMEIRI R IR & R BRI R
B k&4

Scheme 7 Synthesis of functionalized cyclopentanones cata-
lyzed by secondary amine and NHCs

24 BAHERFE-BAHEREENL

Rovis B FLAH BT H AR EAE A HUEAFI
ZFEMERT AL, Bl 52 T X RGE T R B AR A
Bronsted FRALAE AR p- N eI [ B2, 40 Scheme 8 Pt
N, MR R AT 52 44 )R S o B- A AN
50 HIRNRRIERIEE, HE ® AR ERER
& A E TR FIN, ARSUE P RR I A S R
POFE i 51, PRSI S REid It 2K aldol 48 A
87 % BB B AR AL S SIS B - A e 54P1. I8 R W%
TEAGTI I BRI A 1, BB H e B340 SR IR B4 £R
R I T, ABEUR RN — e b P2 AR
FHRE, AGE20 7N Brensted FRIE AN AN
N4

m ESCETR, AL VU R B R
AR, 7RISR N miE B B R . A
LN FREATI Z B A 20 “ 67, WA PR3
EALCA, M- BRI AL . LR A3 R e L
W G PG AR R RS AL RIS AL SR R b, & Fh i
FRIREIREF 1 A AL RE M, A B2 ) B A BT )
MR, EA ML B SERE AL Rk, ME TR

1254 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

_N\
N N~CgFs
J;{OH

+

H.+_R?
Ly g
H

0y
N\/ \CGF5

Cy
N
R2 Cy 52 R3
O

(@]
”)LH
RS~ 50
+ _N/
R1/_5/1_

R'=Ar, Me o)
R?= OMe, NO,, al R!
R®=Ar

0

2
—_—
R\,
sa R
up to 99% yield

93% ee©f20/1 dr

B 8 Z I F A Bronsted MR 1k A B y- P9 IR
Scheme 8 Synthesis of trans-y-lactams catalyzed by NHCs and
Bronsted acid

A 2RI A AR RBTT AR .

3 ER-AVMER

&R AT WL A FRIE A B LG B
B E R R, # O BB AT, TR
SEMEAFFIAIN TR “ A6 B ER R,
W =F K, BAAPUELR SR B & A =
AU E AL, wTAE R SR N 2 AR AL, AL
PR TS £ (1 v S N T R 0k R g vk 0
GBI AR R S AP R FE R — R &
WA R, GRS IE B HLN AR,
N5 & SR MEATIE R i O AL 881 2K Jeig 1, AT AL
Hh AL S B, ] Ik 45 — A AL i A A 3 A T e T
ik,
31 £E-BYERLEK

AHT L, A HUEIE ARV TR i — 2K
BT, a5 EREAE R E A R . R A B AT
& JE LML 55 W%, Tbrahem BF 70207 4R T LL Pd A1
I BE AT A DA ) S AR R, 0 B-AN VLR i R 5
W R 5ok, JEIE o I L 4-IER R B, BARR = U
X W BEEAR BN T B A HmECY, 411 Scheme 9 TR,
B 5, W FC R AL SR mE, DL oS- AR ANEE RIS
AT T PR R A TR R R I D R, ad i —# N L
e (A PR AN KRR I B /R N R S AN R R P AR A
X R PR e B A S B, v 28O e o] B e R 1 MU 3 T
LZHUAY . TR T2 E 1 RN TTIMES Y,

Chin. J. Org. Chem. 2015, 35, 1250~1259



Chinese Journal of Organic Chemistry

REVIEW

Eq. 5 AR,

57 (20 mol%)
Pd(OAc), (5 mol%)
CSzCO3 (25 mol%) Ar (6]

(0]
+ Ar— _—
R/\)J\H B(OH), MeOH (5.0 equiv.) R/k/U\H
55 56 Toluene, 2 h, 22 °C 61

Ph
Ph | Pd(OAc),

H OTMS | MeOH
57

N Ar
! MeO™ H
| H
59 Ar R

R™ 58 60

E=X 9 FHRMEILMALE o p-NEFIE S 05 LR p-
75 AN

Scheme 9 f-Arylation of a.,f-unsaturated aldehydes and aryl
boronic acids catalyzed by chiral amine and Pd

Ph

Ph (20 mol%)

N otms
63

Pd,(dba); (5 mol%)

El ~_OA
NI, NN

E 62 dppe (10 mol%)

61 solvent, 22 °C
o=- R
. _\\\\E
1
) e (5)
64 E = CO,R; E' = CO,R or CN
15 examples n=1o0or2;R=Ar
62% ~ 88% yield
upto 97:3 d.r.

99.5:0.5—> 99.5:0.5e.r.

P —48 A # BE A Heck-Aldol-Heck 22 4173 M,
#EEH AL PA(OAC), RN 1 4 JB—A HLIL AL
R&R, DIARTS & TN AN 2 WS N kL, FRsh
BT =8 C—C 8, P15 7 BB RBURN op-4
MRS, 0 Scheme 10 Fiows.

Pd(OAc), (1 mol%) ?
pyrrolidine (10 mol%) Ar H
Arl + OH| +(HCHO), =— 5/
A ( In 1-BuNCl, NaHCO, |
65 66 67 DMF, 60 °C A 20
65
1-Heck‘ Pd(OAc), 3-HeckT
Ar 0} pyrrolidine, 67 \)J\’//
’ Ar O
\;\f 2-Aldol !

69

B 10 FEAIRERE LML IR H3 BB Heck-Aldol-Heck 2 417) b
Scheme 10 Cascade Heck-Aldol-Heck reaction catalyzed by Pd
and pyrrolidine

Chin. J. Org. Chem. 2015, 35, 1250~1259

© 2015 Chinese Chemical Society & SIOC, CAS

o B (A B I 20 B A 52 52 1) 4% S R £ A 280 5,
Douglas B 78 41*2 M3¢8 7 FI FI 428 Rh Al 2- 5 Sl 72
S Ak B BI04y T 0 L B A R,
Scheme 11 Fi7R. 2-S LM 72 16 G WAL 5 K
e I A P A I R 104 73, B 7E 458 Rh 1
oA S S 4 P I I A 2 IS A R ERIR 1R R 2K A
W) 74, 54 R SO AL (K7 I I L 1 S SR A 46,
Z R LR R T AE RS N A
S, S EL A 20 G S 14 I B8 5 8 R 5 028 £ 5 A

L.
|
0 HN™ N7
72

_ >

[Rh]

HaC R
Ty
)
h]—H
Ha

N
R
c [ A
71 CHs )
n
73

B 11 A -SRI e L ARAL IR 2 T A I AL SR
Scheme 11 Intramolecular hydroacylation catalyzed by Rh and
2-aminopyridine

S BABRATE A LA 7R 32 1 P T AN R
£, Carreira HFFCAIYF 2013 44038 T SX9 901 1%
Mg Ir SEREAC I SCRERE I a-ASX P A 2 ek Ak s
2, B Scheme 12 fr7. W FTaR WILLFEAN )R B ) <0
AR RECHR, ATRLECR. & ee [EMERI dr
ELSRAT & Rl B 4.

32 &R-HERHEK

B TR A D9 WL A 77 AT e e 2 A D A S B2,
3w S SLA I S L A ST BIE 2R VR A A R
W%, PL Rhy(OAc), F1 BINOL AT4: AT MEmRE NItk
), ot Fe-N-F 5L B S BE ORI AE g o o), DART
99 * 1 KRN BRIZFEAE AN RIE 98% XS Wi FE A syt
PAF T —REFZADAFUEP LU RIFAEFEIER 3-
HUARMS WA ATAEY). 40 Schemel3 FT/R, o-fidk-N- &
A CBEARIZAE Rhy(OAc), AL T 7 R 4 8 -~
T, W75 C—H B 4 N TR B 1 25X v [ 44 85,
IR AL YRR T R BRI A A 3. 12 B B g
RAF A NI, BEEAL 7R, SCEE 7 T3
i, SEIL T AR RRAEAL.

http://sioc-journal.cn/ 1255



BIHE

[{ir(cod)Cl,] . o0 R
(04

3 @ — HW

HN R

OH
L _MieodClhl |
e RLae | S

o 79 R

5 amine 77 or 78
RS ——mm
H
R

R" R
81

80 R’ (all stereocisomers)

amine:

z@ A%

ngand

o

= Me, NBoc; R? = Pr, Me, CH,NO,, CH,0Bz, CH,Phth; R3 = Ar

B 12 ST AL SCRERE A AR RR oI A R e R AL S 7
Scheme 12 a-Allylation of branched aldehydes catalyzed by Ir and chiral amine

N, R Rhy(OAC), (2 mol%) Rﬁf% A
)Hf Ne A2 (S)-84 (10 mol%) R3 H
1~ %/
O Ar DCM, -20 °C . 0
SiPh \
T w
0
7
Rhy(OAC), O O 0~ “OH ’
SiPhs
1 Rh,(OA 0 oo AL, Np/"
c 17 ~
R3 R Rhy(OAc), o % AR s R Ar
o +<;O>P\o/ N R
B —— e
<} =0
N 2 =N
\ Ar \
R2 86 R2
85 87

R'=H, Me, Et; R? =

Me, Et, Bn; R® = H, Br

B 13 EEERSE AN T PERE BRI AL o-bradik-N-Jor B H S50 L Tt 258 JHc A0 I J () AN 3 R e 2
Scheme 13 Asymmetric reaction of a-alkyl-N-methyl-diazoacetamide and imine catalyzed by Rhy(OAc), and chiral phosphoric acid

FIF L% 48 Rh 28 Ru 5 HUBERR L ib 14 &,
BSOS A ALEHOE T — RIS R REMIEES S, DL
%21/ Mannich J NN FEE RN, IR F A%
B a,p- AT R A U DY S 7 e B AT )
P i, DAY R E R . S5 . R
Ji 2 2-W L PRERR B o IR kL, 383 4 ) Mannich M
SRR Michael IR, PLHREEICER, Sarfk

PR T — RIVEIRZ R SMEE NS TFmRN
AHURPUE SR ATAEYCY, W Scheme 14 fis. o,

ﬁﬁiiﬁk@a&ﬁa'ﬁ J& Ru L%ESZ JE R T, TR
Ao SR A A v T ARSI
MM EE Ru MPIEBRA IR R, 974
SR T AL AR T3 S P I P 4 0 R R
LRI 43F ANKEFR Friedel-Crafts Je 34k S8, 2800 5
X e P A SRR A EE LA (B 22 PR S R SRAL B

1256 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

SN, 4n Scheme 15 flrz~. Ho, SRR 5 FP1E4& 102
PRI (P S BR A E B o 1 PRI B R TSR EL I, L
B 55 5 EARIE| Bk & A Friedel-Crafts 2 M.

3.3 £E-MikLEL

i JUR 55 A LB RR AR AL, T 3 3o 2 B A 3 A B
0. R )@ AL AR R O SLHEAL AR &R, AP [FLiEAL
R 3R] A A B v S L P R RS S PR £ . Oh
B FC L5500 T 4 B T A P AR T YRR S5 A
P, S U LR IR R P AN X AR SR I 4 S
2, PRI ee EAN dr H3R15 1 2 U WEREIRR S 1L
EY108, W Eq. 6 s, Horh, Bilkidid 2 E s
FEEE O TS, TR RIS SN Lewis IR
AR, A H: DU O SE A B R AR AN R e
A6 S

Chin. J. Org. Chem. 2015, 35, 1250~1259



Chinese Journal of Organic Chemistry

X N
e N
2 AI'1
P COR! Ar CO,CH3 “NH

89 + 92 [RuCly(p-cymene)l, (1 mol%) CO,CHs
+ + (R)-93 (5 mol%) ©;k( Ar
ArNH, CbzNH, t-BuOK . NCbz
20 91 98 :
SCO,R!
994
Oo_ o
e
- [RuCl,(p-cymene)]
O O o ~OH 2(p 2
Ar )
(R)-93 Arfy
o ||4 H5CO,C N—Cbz Ar'lL H
*, +
RO\F(/ +|I| Ar' H\N/Cbz /Ar1 boce CO,CH;
R0~ O N + — N s A2
| Ar? OCHjs H _
- ¢ NCbz
ORuL, |
| 95 9% “co,R! 97 “co,R!
’
94 COR

B 14 7 (AT AR M A PR s s 1 DY 42 R BB SR % 00 o 0% T 8

Scheme 14 Enantioselective four-component cascade aza-Michael addition reaction catalyzed by Ru(Il) and chiral phosphoric acid
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Scheme 15 Olefin cross-metathesis and asymmetric Friedel-Crafts alkylation reaction catalyzed by Ru and chiral phosphoric acid
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Scheme 16 Cross dehydrogenation coupling reaction catalyzed by Cu and pivalic acid
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Scheme 17 Microwave-assisted synthesis of fused azaheterocycles catalyzed by Au and p-toluenesulfonic acid
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