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Recent Progress in Catalytic Asymmetric Alkynylation of Imines

Zhou, Shurui Wen, Kaige Zeng, Xingping™®
(Key Laboratory of Small Fuctional Organic Molecule, Ministry of Education and Jiangxi Key Laboratory of Green
Chemistry, College of Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330022)

Abstract Chiral propargyl amines are key intermediates in the asymmetric total synthesis of natural products and bioactive
compounds. The asymmetric alkynylation of imine and its analogues can provide a highly efficient and enantioselective syn-
thetic route for these chiral building blocks. In addition, through rational substrate and reaction design, the asymmetric al-
kynylation of imines can be used as the starting point of a series of cascade reactions to synthesize a variety of novel nitro-
gen-heterocyclic compounds. Therefore, highly efficient and enantioselective alkynylation of imines and their analogues has
attracted the continuous attention of synthetic chemists. According to the types of substrate, the research progress in asymmet-
ric alkynylation of imines and their analogues over the past decade is introduced, which is divided into two parts: asymmetric
alkynylation of aldimines and asymmetric alkynylation of ketoimines. The reaction mechanism and their advantages and dis-
advantages, together their synthetic applications will be briefly introduced, hoping to provide some useful inspiration for ex-
panding the application of this reaction in synthesis.

Keywords chiral propargyl amine; asymmetric alkynylation; aldimine; ketoimine; nitrogen-heterocyclic compound
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Scheme 1 Asymmetric alkylation of imines
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Scheme 3 Enantioselective alkylation catalyzed by 3,3'-di-
bromo-BINOL complex
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Scheme 7 Asymmetric alkynylation derived cascade reactions
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A, JG#HTE Yb(OTD; EH T 54Mmi EtOH &4 hn ik
SN A B s R (R B, %R TR AR 5 A — AN AR
SENIE C RTAE, BYER R R E R E. R
U PyBOX 5 CuBr IS S 1E N F ML, — &R
BIA Gt R RE C HIIN R B o] B e 70% 7= %
L 95%M ee fH. LA LR AR B SRR B AT A
KB IR, A TR Se I T B RS AR )
Emetine [ 4= & .

BT Bk & B RHLEL M, X E R R A g —
A FH I T DU S S MR IR ) N-TRE I - 4R B i 48 1E N ERIR
TEREIE B F AT A Y, SEILT 1-Be 3t P05 5 kAT
) 49 45 (Scheme 16). FERAESMET, 1% MA]
B3 B 76% HIF=2F 0 EE 99% 1Rt muig FEtk. AHxT
FRITE T, ATTETGw A AR SRR, HARAE

2015 4, ZERAZE S OVR] A G AAR B[R SE B T
N-T% 358 [0 & S5 W IR 3T A 40 55 AR ity B 0 A8 SO S A T
N(Scheme 17). ZICAEF NN, N-75 5 DU S S etk 41 78
FEMEAAEF N, S0 5T A A 15 2 vl M 10 TG IF 25
Tk, 5, T NP-EE 50 S54% S
T, SRR AEAKEFRINBR B, % 8 A BT

X ! X
R1—| ! |
= NCbz O N/ (0]
e 2 D
L Nobz ¥ R=— I L N—/
3 then KOH, Yb(OTf);, 45, CuBr ! ipf 45 ipr
43 H,0, CH,Cl,/toluene, r.t. 44 R2 !
I . 24 examples
T'BF, N 15% ~ 70%, 39% ~ 95% ee
11 R
O BF, RP—= [y T
R1
R! BF, | Yb(OTf) |\\ Yb(OT); | R! oTr

N EtOH A\_NCbz | -EtOH @@
| = — '_:ICbZ OFEt = — 'J\rleZ

A B Cc

S - -
ynthetic application MeO N
MeO conditions MeO
7 N\ __ as above
NCbz + MeO T NCb:
MeO — MeO z
43a MeO  3a 44a
(54%, 92% ee)
MeO
MeO OMe
MeO NCbz OMe
46 CHO
Emetine (47) (88% ee)

B 15 V- DU S 55 v AT 2 15 AR S ke ) 52 S S A B e 2

Scheme 15 Enantioselective catalytic cross-dehydrogenative coupling (CDC) of N-carbamoyl tetrahydroisoquinolines and terminal

alkynes
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BiliLE
T 45 (18 mol%)
R NCbz CuBr (15 mol%)
*R H,0 (2 equiv.)
48 OFEt 5 YbOTfs(15equiv) 25examples R
toluene, 0 °C 32% ~ 76%
57% ~ 99% ee
| X
T
SR
i-Pr 45 i-Pr
Selected examples
NCbz NCbz
49a Ph 49  ptol
(67%, 97% ee) (68%, 96% ee)
NCbz NCbz
o)
Lq AN N\
49¢ Ph 49d  Ph

(62%, 97% ee) (56%, 90% ee)

RIS 16 T DU S0 557 PR ) V-~ A T Y ) AN e PR B A

520
Scheme 16 Enantioselective alkynylation of tetrahydroisoquin-
oline based N-acyl hemiaminals

CuBr/50

©® , Ir(ppy)2(dtbbpy)PFe
R BzO
N \/\ . R2 - ( )2
| THF/CH5CN (V:V = 1:1)
41 = 3

-20 °C, 2 d, visible light

R! :
N~
AvH®
P
| PPh,
13 examples OO

20% ~ 90% E 50
60% ~ 94% ee
Selected examples

TLEL

4- BrCGH4 n-Bu 4- MeOCeH4
429
(47%, 90% ee)

(64%, 94% ee) (7 2%, 94% ee) (90%, 94% ee)

B 17 P[RR DY S S5 bk 5 2R i ke PR 5 SO U B e
2[‘

Scheme 17 Synergistic photocatalytic and copper-catalyzed
CDC reaction between tertiary amines and terminal alkynes

JEEV e A, B 2 B R S ke 1) S5 L 0 BE A v Tk
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90% T i R 1.

G AN DN <R 1S5 I O SEE = R (2
REAFE EE LI IR ST A BB M. (Scheme  18).
A AT & FE S IRE R AR 51 5 Zn(NTh),
Fe(OTf), B BN 4x & W RIfEAL R 2R, 7E 101 kPa [1)%
SAAET, — RT3 AN [F) RO B AR 2
[ N- 5 35 DU 0 e W IR R 7 25 A S e 140 A S5 o It AR B
HREEIRIHEAT, I DL 82% 7= A i 99% i Xof ik
IEPEVEAS BIAR S B AR, BAR, 12O AR bty
AR TR S, P R Ik Bk e AN AR, (EAE
FHIREE AU S8 SAE AT, B R4 5 1 B
B, R 5 L S A

51

Zn(NTf,),/Fe(OTf),/50 1

_ (20:3:23, 20 mol%) CQN—R
" 0, (101 kPa), NaBArF,

5AMS, DCE, 35 °C

39 examples, 22% ~ 82% R?
20% ~ 99% ee

o
N
L3

N
N
o=" \/\ NP O
o 0,
N-H H-N,
Ar r
51 Ar 2,4,6-i-] Pr3CGH2)
Selected examples
:( —-PMP :< -PMP
42i Ph 421 3- MeOC6H4
(70%, 93% ee) (82%, 93% ee)
:j j <j§3 ~PMP
42k Ph 421
(50%, 99% ee) (42%, 88% ee)

B 18 XU & W IR A PO 28 St AR IR fe B
Scheme 18 Bimetallic cooperatively catalyzed cross-dehydro-
genative coupling (CDC) reaction

1.3 TR AR

2R ZE R B BT 2002 EIRIE T 9 A R
(Aldehyde)- 11 /1% (Amine) F1 A i bR (Alkyne) ) = £H 53 (AY)
ANKI IR SR il £ TF- MR A e A S BASK, BT R B
MIRCUR JERL 2 49 BRAERIE . RBIEHRA. R T
SUE RS, BT A BRI 2 K.
1.3.1 5P U e otk SR v otk = 3 BLAR AR 24 &
AL

HMEAE S G PIAKTFR A° RN T TN
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WEMRIRk =G BL R PyBOX LASK, Z2RELAAR K AU
TR RN MG E A® SN R BIFFEE K. 2014 4F,
Singh 25| H PyBOX BCAAATAE K] Cu(E AL T
— 8] B TR AN I R BT AN/ PN I e A S B R A O 2
F) S5 15| I K B 37 25 90 (Scheme 19). 2234 — £ 51 it 44 45
5L, AR e 2RI ALY PyBOX AL 4 52 F
CuOTf 48 G WME AR, 2- R B2k FH R 53 5
55 i 54 ULRR SR 3 =415 R EERELL 63%~98%
(1177 2R B e 99% X B 15 P 15 21— R 471 -1 S5 s
WRMRERFTAEY) 55, RN KELE DU R e 2-H L2
FH R T R A e 3% AR 4y T4 6 IR B B, 5
BT I A D I O A R R T 5
T PN PR 25 R A S A I T ok B R A5 1) g 24 1 S s e
IR 3T 22470
OMe H

0] (0]
7 N\ + Ar-NH3 + R—=

52 (10 mol%)
(CuQOTf), (10 mol%)

CHCI3, 0°Ctor.t.

_|_ 54 33 examples X

3 63% ~ 98%, 30% ~ 99% ee 55 1
53 0
N1 <ok
xit L\ ea—=—R
H
| AN
Ph. O \_0_ Ph
N
Ph N N Ph
ipf 52 “ipr

Selected examples

55a p-MeCgHy 55b  p-MeCgH,
(87%, 96% ee) (88%, 94% ee)

55d Ph

7
(89%, 90% ee) (85%, 92% ee)

B 19 A PRI A/ N B 15 1 Mo | Ik i T A= 47)
Scheme 19 Cascade asymmetric alkynylation/lactamization to
enantiomerically enriched isoindolinones

fE BIR TR R b, A1 — bR T — 4
E= 0 B BRI Y B AN AR SRR/ & 2% Michael
O SR HT BRI B 1 A i 1,3 AR S5 s R b A D 4
1Y) 57, N ATHUS S 99%(1) ee fH(Scheme 20a);
M 2-Z BB 58 U5 AT 59 MIZKJE 54 HiK, Singh
2624 B PyBOX-Cu(1) A N-Boc 1547 11 fifi 2 B ik [5) #E 44,
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WS T — &5 2-M|WEE T —JURATAEY) 60 5 AL
(Scheme 20Db).

CO,R

(1) 52 (11 mol%)

o (CuOTf), (10 mol%)
+ Ar'=NH, + Arf—=
(2) LHMDS, THF, 0 °C
54 3 31 examples
R up to 92% yield and 99% ee
NN CoR
A 2
7 N SAr!
Ar? 57
(b)
R = (1) [Cu(CH3CN),4]PFg/52 (10 mol%)
N N-Boc-(L)-Proline (20 mol%)
| ArCH,0
+Ar + R—NH
ZSNH ’ 2 2) p-TsCl
2 59 54 (3) K,CO
58 VT3 44 examples
R up to 88% yield and 95% ee
NHR
\ S
|\ N
@I\}_\Ar
60 Ts

B 20 FEFAKIRR AY S () R I S B

Scheme 20  Cascade reactions based on asymmetric A® reaction

FERT AT T AR S EBR B 2% A1 N S JE (R AN XS B
B Ak SR (3T _E (Scheme 14), 5 N FHE 4 > ik —
BRI T 1% R AT A® S S FH (Scheme 21).
f#1H Ph-PyBOX 55 Cu(OTf), (IS MVEREAL ], FEREIR
MWL BEATHIEE, — RITTERE. T EM ST
FIBEHEAR S RIARIFR AY RBIFTEL 90%~99% 17 %
A 9% ee (EAGE] HARMRPIIL Y 61. SIS
FEVEWR P HEAT B SONAHEINT 35, A SN TG 75 3 A WL
FR, SOME IR A, AR AT B AT Rl ORI T, R —
NGO RI G BT

Cu(OTf),/Ph-PyBOX (23)

) (10 mol%)
- _ -
Ar'=CHO * Ari-NHp + R—= silica gel & stainless steel balls
59 54 3 ball-milling
Ar2 23 examples, 90% ~ 99%
N 83% ~ 99% ee
Ar1/'\
61 R
Selected examples
NP C|CeH4
/\ p- MeCGH4/'\ Ph/'\ Ph/'\

n- C5H11
61a 61b 61c
(99%, 99% ee) (99%, 98% ee) (92%, 99% ee) (92% 88% ee)

B 21 ROEERE AT R IARKFR A S
Scheme 21 Asymmetric A’ reaction under ball-milling condi-
tions

HTHATER R COMEN C1 AT AR FRfElL
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BTSN RO T D4, SR R B 20 2017 EARIE T
— I FE Cu(IDZ AP Ag(D) 5 BEEAL IR FR A%/3R
BRI R — RYDGFIETE N-J57 RS e i AT
EW)(Scheme 22). N PIFERIANT: {EIZIEE0HT K &
1) PyBOX Hicfk 63 Al Cu(OTh), BEMIMEALT, &
sy 75 SEAA R 9 AR I bR S RAER I FR A N3
FIF MR AL EA A; A 7E Ag(D). A EEAT(DPG)LA
MFHRXEMREFRER TS CO, KERKRIA R
N RIAT BL 44%~99% 1177 2 F 90%~~96% [ 5 it i 5% 14
(1IA 2 H AR N-75 FERERE TR 62. [HARERE IS, (E&E
T R SIS A, B — A IO () TR AR 2% ke A R G
Ji B IR AN R N AT B S R A E A

R'—CHO + Ar—NH,

R2
ee Ar\N
59 COz 54 )_&F@

OBn 25 examples, 44% ~ 99%
90% ~ 96% ee

X

‘J
PH (12 mol%) “NH

5
Cu(OTf), (10 mol% R2)\
(TP ( ) N

AgOBz (20 mol%)
DPG (50 mol%)

CO,, DCE, 25 °C

DCE, 25°C, 15 h A R
Selected examples
X, oy ok X
Ph~y Ph-N Ph~N PMP~y
)_«/Php tol)_«/Ph ph&4 -BrCgHg Ph)_&Ph
62a 62b 62c 62d

(88%, 87% ee) (38%, 78% ee) (96%, 99% ee) (90%, 96% ee)

B 22 HRIBORXR AR R A A UMt B AT A= 420
Scheme 22 Tandem asymmetric A’ coupling-carboxylative
cyclization sequence to 2-oxazolidinones

HARFIE PyBOX SKELATEAKIFR A® B A
BRI, B M ERIAEP AR, Eo it £
P R S K 22 Ry B AE 75 35 R S LSRG A2, Hﬁﬂﬁjﬁiﬁ%ﬁﬂ{ﬁﬁﬁ
B S 45 K % AN FRAE. Nakamura #4848
75 M) P A AT VR L2 A R 1) T A1 O R P ok = 15 EBTZH%;&
fﬂﬂaﬁﬁﬁ#ﬁ%ﬁl@ﬂﬁﬁ%’% Sty matmog s A° . &

—RINERK, IR ZOR I, FIEXUKEE 64 AT
ﬁzEl‘J Cu(1) 4G mT LA v 0 e 0 B ade 438 14 b 44 1 05 7 e
75 A AR T e LA A SR, AR R PRI
T HUAS 738 98% RNt Bt 1% (Scheme 23), 2K ZJfl
L = LR BE ) S B RE 73 | AT 95% A1 92% )
ee fH.

5, Nakamura 252025 R T — Bk M F i
AXFFR A e Bi(Scheme 24). i AT AT R JEHIF
PSR MR — A L4 66 I CuOTS FTTE 4 & 41E A
AT, T e R RN (SDSE R TG PER], — &
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64 (10 mol%)
) , (CuOTf), (10 mol%) HN,PMP
— + — +RA—= ——————  »
R'—CHO + PMP—NH, + R G Tt
2 examples R X
59 54a 3 28% ~ 92% 65 R’
81% ~ 98% ee
Bz\ | A IBZ
N = N
Phind ] N ( Ph
N N—
Ph 64 Ph
Selected examples
_PMP N-PMP
HN
Ph
Ph)\) /V\) /\ /'\
65a 65b 65¢ 65d

(93%, 98% ee)  (65%, 98% ee)  (82%, 95% ee)( 8%, 92% ee)

B 23 FHXURMI = A S SN AY RN
Scheme 23 Chiral bis(imidazoline)-Cu(l) catalyzed A® reaction

66 (10 mol%) HN/PMP
TF (10 mol
RI—CHO+ PMP—NH, +R2—= —oor (10 mol%e) |
SDS (20mol%) | R17
59 54 H0, rt. e

20 examples 65
60% ~ 99%, 90% ~ 99% ee

tBu\( Yt Bu
Phiu. 3/ \)——Ph

Ph 66

Selected examples

Jw )\Ph

65a 65b
(99%, 98% ee) (99%, 98% ee)

HN
Ph
65d

65c
(91%, 92% ee) (66%, 98% ee)

B 24 FHEXURMEIR-Cu(D)Z S WAL I LE K R A I
4

Scheme 24  Chiral bis(imidazoline)-Cu(I) complex catalyzed A’
reaction in water

G55 B 058 W5 o B HUROR i b 1) S35 e AE 7K AH
FFRFIHEAT, FH LA 60%~99% 7= SRR 75 [ 5 ik ide 4%
PEAE BR H bR IR, Ak, RRWIEE . 05 B R i bR AE
R A N BRI ik 98%H] ee H.
1.3.2 5 M N-PINAP BLik—4R % o414k

F-P N-PINAP ik i 7 1 Carreira Z55°F 2004 4F
WAt E, VPR T ER CaBESWEARTFR A®
SRR, B, RRA B R A B % 2K Bl kA
AXEFR A’ LR EET T R, FRIEHK
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SN2 N B R AR P A 2 T 4 T 4 A .
1 2012 4E, BRABIZEPAILL(R,R)-N-PINAP-Cu() %%
B RIARKIFR A 1E oD S il T F B
EYNIAXIFR A Bi(Scheme 25). B 56, WRIAEE 67. HEMT
i 59 FIPYEILTS 68 KAERKIR A® [N A3 B F A
fe ik A; B, A fEMMLERIER R KA THA
e ) NAS BB AR C, JEE A 1,2-T8FR SR
fie AR 45 31 [ 47 (1) 7= R FIE F5 100 W ad B PR 1S 31 i 4%
PIF BN =) 69. & 1 MR, 77 B i th R id
TAZ P FEEASITS 1 ee . Bk, AR T R I &
4IRS e AR DU U g I, AU N-PINAP-Cu(D)#t B
SEUL Bk AL, HAEAR IR AT LUK R 2.5 mol%.

R!
=—(R?
H
67 ©
+ (1) CuBr (5 mol%), 70 (5.5 mol%) Rf, H
R3—CHO 4 AMS, toluene, 25 °C y OH

H
(2) Removal of CuBr with filtration 69 R' R?
(3) Znl; (0.45 equiv.), Nal (0.5 equiv.) 45 examples
toluence, 110 °C 50% ~ 78%
90% ~ 97% ee

|

"'"ZG — 8 IZ<:| + %

R Ny
R3 R3 (/ R
RZ
A (o3
Ph PhaR
Meuw< N=N
HN / \

70
69a \ 69b0 69c 69d
(68%, 96% ee) (66%, 97% e€)  (77%, 96% ee) (50%, 95% ee)

Selected examples
Cy, H
% /

H OHH

B 25 MoAS B A 2 T PR AR
Scheme 25 Synthesis of chiral allenes from terminal alkynes

2013 4F, AT — 2 X (R,R)-N-PINAP-Cu(I) %%
EYRAIIAII IR A B R & M AT T 5%
(Scheme 26). £5R3RIA, 1% MK — R FI 5 F 1 FAGE
WE JE R 1 ARG BSAE, AR bR 73 i = P #S BE R A
PTG FETE. (EARVER, 2-FE-3- T H-2-17 67
(A P XoF s B BRASARE 75 PR 0 e B ik 22 O B 2, M fdi
KR AL — P i 2B A G T, e I R0 B ade 38 12 L
LR BUAN, PR 2-F k- AT DAAE 5
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Bl A A T et 2 B A5 2R S R 72, S HURONE
LAY R B e AT

70 (5.5 mol%)

RCHO + %7 CNH CuBr (5 mol%)
HO 67 4 AMS, toluene, 25 °C

68 16 examples

79% ~ 95%, 91% ~ 99% ee

O NaOH O

N (3.0 equiv.) N
RN R=cy O Xy
71 72
OH 77% (2.90 g)
98% ee
N N N

71a OH 71b OH 71c OH 71d
(93%, 98% ee) (95%, 98% ee) (90%, 84% ee) (89%, 91% ee)

AR 26 (R,R)-N-PINAP-Cu()Z &M HIA TR A® Jvi
Scheme 26 (R,R)-N-PINAP-Cu(I) complex catalyzed A’ reac-
tion

B, ABATIBRIA 2- PR3- T b2 i A
1,4- AU KRR A SREFTAF T PR A A A 0%
SRR ASEHL TR NG AR ATAEY) 73 AR
(Scheme 27). ZiddHEMALERRT 7L, ZSCAEF W T
R IIAESR AL T, 2207 1 PRIRE R RS 15 B i 241
N-J R FE MRS R A7),

(1) 70 (5.5 mol%)
CAuBr (5 mol%) {/ \§

HO . 4A MS N~ H
toluene, 25 °C H
+CyCHO + [N> W
l N (@cuci(50 mol%) ©Y

toluene, 50 °C H OH
67 59 68  63%for 2 steps, 97% e 73
J T H-transfer
= L3, _
» N A
N CuCl ;- H-transfer NOH
: —» R Y D — z
Cy % /N CYW
CI— =g Cu OH
A OH B H c

B 27 WA bR A 5 N-A YRS AT A
Scheme 27 Synthesis of chiral N-allyl pyrrole from alkynes

[ 4F, % UR R ZE PN N 1 B 55 15 () AR D 0 S e
Mk O3 EREAUR O K, R N-PINAP Fio f4 4
EWE, LI — R C()EAH T LRI E R
W R P AN R 5 . 3 3 127 S 82 AT DAAE DY S S P )
C(1)BL e 20 hT W ade F M 51 N — R A 1) 155 B2 1) B
Fidk . B RERIL e RE AR T . FEAR R, SRR
TNTT DA S SEAE AR O B AR AL R AT, AT RAIE T
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SN HY A5 v X B 3k B M T [ I SR AR AR 55 1 R
(Scheme 28). FIf RIS RMEMS 5 ARG A® &
RER KRB R, AR5 50T 2014 4EA 2017 4ESEH
T RS AE B (+ )-dysoxyline s (+)-crispine A
(—)-trolline F1(+)-oleracein E 25 [ AN KFFR 4= A K.

3
R 70 (2.2 mol%) N
-‘— Cul (1 mol%) R3I—(j©
\  / __ PhCOOH (5 mol%) = NW
_PhCO0A (5 mol%) :

+ R%CHO +R'—=
toluene, 4 A MS
HN 40°C, 12 h
74 59 3 11 examples
80% ~ 98%, 91% ~ 95% ee

MeO MeO\<Pj
<Z O ! S

(+)-dysoxyline

I

75 R1

Oy
(0] (@)

(+)-crispine A (-)-trolline  (+)-oleracein E

KI= 28 WUA RS S5HIAN IR A3 J 87K L8 H
Scheme 28 Tetrahydroisoquinoline based asymmetric A3 reac-
tion and its application

2 bR R AR R A R AR R R, A
GBSV N-PINAP e A4 fHE 14 1) DU &0 57 IR 74 AR5
IS 59 F1 2 k3 = FHIERERE 3 2 (A ASXT FR A® S H
K, it JE sk Pd AL 7T ISR Heck 36 w7 PL K
PtO, fiEAL VA, TERL T 218 12 4> 13-H IR PUS R /N BE
TR IS 25 W PR 0 B % 4 5 (Scheme 29).

Cul (1 mol%)
(S,R)-70 (2 mol%)

Br
‘G Br. w Ph!COZH (5 mol%)
4AMS. N

then K,CO4/MeOH R

12 examples @
70% ~ 91%, 91% ~ 98% ee

75

Pd(PPhg3),
HCOzNa
59% ~ 79%

E 29 13- TSR /N BERISE A i i o BRI R A
K

Scheme 29 Asymmetric total syntheses of 13-methyltetrahy-
droprotoberberine alkaloids

1.3.3 F M StackPhos £ BLik—4R2% &4 fE4L
2013 4, Aponick Z5P7M\ 2L 1-ZE S H R, &

85% 98°/

H <
Me“
77
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Bb 6 B, TIRGE R T 3T KM S A B 5 JE NPT
14 80 (M AN e A k. B2, AATTLL CuBr AL IE T S
IR RGN AL 2 I A° OB AR R
N, FEXTHE T 80 AL S N P-Fiik, KPEH 80 1A
We A4 AT KK 4 e SE A, BRAEZE 0 CF, {4 80 (1)
RIMAKIHBELE 24 h N 5E OOF RSB =22, 2T iR
SER, AR F R LA 98% ee AR T TN
(5)-80 F2&ik T HAE ML BRI . — H AR RE AN —
Ji& 2 [ RS RR A® 2 Bi(Scheme 30, a)P™, 4 Gy,
AN IR T A A 0 A BE KA, N R IUR i3k 47 I
USR5 97%I1 ee 1H.

(@)

(S)-80 (5.5mol%)  Bn.. _Bn
Bn.-Bn O CuBr (5.0 mol%) N
| + JJ\ + // i
H  ROH R CHCh 4AMS 0°C R \
78 59 3 10 examples 79 R*
60% ~ 95%, 89% ~ 97% ee
Ph Ph
N N
& PPh
Fs_\/ | 2
(S)-80
Selected examples
NBn; NBn ¥Bn ¥Bn

\ c-CeH13N \ /\
T™MS TMS

(92%, 95% ee) (95%, 97% ee) (80%, 94% ee) (77%, 94% ee)

(b) -
0 (S)-80 (5.5 mol%) R\N/R
H g Ro CuBr (5.0 mol%)
F R w
/ H , CHCh4AMs,0°C = X ,
R R 15 examples R
59 78 3 61% ~96%, 82% ~9%6% ce 81
Synthesis of chiral remote amines
NBn, NBn;
Rh(PPhj)Cl
P N n-CsHy n-CsHy
ZS H, .
H-C5H11 n—C3H7 7 (80 A’)
81a
Pd(OH)zlcl Ha
NH
/\/’ﬁA;\ Accl /\/kz/\
-
n-CsHy1 n-CsH7 EtgN  n-CsHyq n-C3Hz
84 (88%) 83 (88%)

B30 F1E StackPhos FLiA—4145 & WAL IO A IR A° S RE
Scheme 30 Chiral stackPhos-Cu(I) complex catalyzed enanti-
oselective A reaction and its application

G, ZREAEHIH StackPhos FCA—H% A1
TEMEALTT, DURRIERE . ek AN R o o BB, B IR
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SEHL T T 3-E I RE B — Me(skipped diynes)81 [ AT FR
& % (Scheme 30, b). T YA M LTS
FEVEFAL P BB, DRG0 1t 1) 81 W DA AR A
Pauson-Khand 1 B XU E BE A0 55 ) B KA % 2R 51
BB T . deAh, MBRIIIZ Y 81a ik, it 3
R AL, BDAT SRR IR 1) 84 I FHEA A L.
BEF StackPhos TEAXFFR A’ S B H IR 53 R B,
Aponick I Guiry iR@HPF 2017 R RE T3

HLL StackPhos LA 5 2 1 AT A& M a5 R BE 47 (1 AT 1 4%
. Aponick 2% 55 R I (R,R,R)-StackPhim 85 5 CuBr
B A E AT, SEHL T AME Bebk I BE 86 BEA1 —
FRLARIFR AY R A B — RIDEE R I
87, FHEMHE T Au()B AWML T, ATLLRAE S
TR PR B — RIVE R T2 A F
P 2-S e BRI 17T A2 ) (Scheme 31, a).

Guiry SEMIERFL T AT BLFI(S,S,R)-StackPhim 85

StackPhos

ALY (StackPhim) i & 5 A3 (Scheme 31).
BT ERC A P — 2B 5 N T AN FE O,

TERE . AR LR AR RE 2 A AY OB A R R
(Scheme 31, b)P*L Z e KRB, %%t fig s

Ph, Ph Ph Ph

N__N /(N N
/( PPh, = PPh,
goe

Fsl @ O
(R,R,R)-StackPhim (85)

(S,S,R)-StackPhim (85)

StackPhim

OH CuBr (5.0 mol%) Rl _R2
RL R JCJ)\ . ¢ (R,R,R)-85 (5.5 mol%) N
+ — :
i e T HO) — CH,Clp, 4 AMS, 0°C or r.t, RN j’H
78 59 86 10 examples 87 \R
61% ~ 95%, 84% ~ 93% ee OH

Selected examples

)

NBn, Me<y NBn,
d OH P OH
Ph/\) W /\H i-Pr \\
87a (OH 87d
(78%, 91% ee) (82%, 92% ee (91%, 93% ee (78%, 84% ee)
(b) CuBr (5.0 mol%) Bn Bn
Bn\N,Bn )OL . (S,S,R)-85 (6.0 mol%) N7
+ + 4 H
B Ry~ H CH,Cly, 4 AMS,0°Corr.t. Ra/\
78 59 10 examples R
61% ~ 95%, 84% ~ 93% ee 79
Selected examples
NBn, NBn, NBn, NBn;
i-Pr NN n—C6H13 N Ph/\ I'-PI'/\
A A X
79¢  TMS 79f  TMS 799 > TMS 79h  “Ph
(89%, 98% ee) (86%, 94% ee) (23%, 65% ee) (95%, 80% ee)
©) CuBr (1 mol%) \/
(S,S,R,)-85 (1.2 mol%) N
Ar—CHO + %—: A
HO toluene, 4 AMS, r.t.,, 24 h Ar %
59 68 67 22 examples
53% ~ 99%, 88% ~ 99% ee ™ o
Selected examples
P lotp™ lot- p)\é PR N
71a 71e
OH g OH

(94%, 98% ee)

OH
(85%, 98% ee) (87%, 95% ee (84%, 98% ee)

B 31 FE StackPhim A44SR IIAIT TR A® R

Scheme 31  Chiral stackPhim-Cu(I) complex catalyzed asymmetric A® reaction
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B T
I 7, e = B R JRE S T A AP F A, AR I BEm) R R
W RS AR A B R M, (B2, 5% R'cHo + N+ pii— —a@mo) - %

o H CH,Cl, (0.1 moliL) R1/\
W 1 57 5 A i R B 0 S N2 285 RN AN K BEAR, 7= 79 Al 5 -8 , S5AMsocc 88 “Npa

79g L HES> B3RS 65%F1 80%I1] ee {H. Hilr, MATHEA
R INAS 5 K s IS P R i oA B, 2- PR JE-3-T be-2- 8 67,
[ I A P PR = 00 5 4 — W ke, 7T (S,S,R)-Stack-
Phim 85 JREESCILTS Bl 2 5 1) WUk B A [N
(Scheme 31, C)BSC]. R g AL A B AR E 1 mol%,
RAKIAREAE 24 h N EUASH S5 2R F5 1 77 Z ik
99% it of i 158 4 11
1.3.4 Bronsted %R BB fE 1L

2013 4, Seidel Z=P AL T — R F IR O %
FTAE FI L HEHRR 5 1Y) Bronsted FRAEAL T 89, FF¥H T
AL AKIFR Povarov B, 4T R IES 5 R FR A
S B Povarov [ N #R 7 BEEE [T — AN B 1) I % 1E 5 1
a1 AR BE A R S A S T SR = R e 2
SHAFR A’ . it RIIRTT, AT & R LA
89 (3 mol%) Al Cul (4 mol%) P [AIfHEAL, T LA 25 ik
PP Sz U AU . 5 AR AR I R AR FR A
N (Scheme 32)M%. 1% Jsz J87 %if A i % A LA BAOIR — 2%
b BEIE H, (EAE =R WLk B 24 BT R BE. (15
TR RS, AT T8RN H R 22 1 T o Ja o 5%
Rz ) B SEAR R, AR S U] 2 36 36 I e
HR AR R AR S IR R ) SE AR B PE R 1, A R A
JB T AKFR AP T8 BT AR B,

2 FHIERRAIA R FRREAL R B

M STV i P 9 30 BTS2 R 40 N AR AR 3, ol FL AR 1Y
ul CIEANERST 20 2570 i = A <y NS N1 1742 01 )5 A S DA R 5
B S 1T 5 A T N B PR 3 2 T o B 25 S AR
PREE/NT, A5 SR AR ST A e M ) B M PRI, R
PR T T 0 RO AS o kb o A S I 1 5, ST 6 v ke
I 35 35 P Jh 3 A S5 7 B A DR, K O 10 41 th AR %
B, A RATE A X 5] N sy TS
PH 5 fe FH I [ oA S5 SR, A I 1) S5 A o BSAR3% 1
] AR AR R T — RIVT 2 A I R,

2.1 AEIIRERIL AR B A ST FR R B AL & R

75 2011 4F, SKFRIEES IR 3,3- (= 3R RESE) L
AR F IR ZE WY 91 /N FIERCAR, — W IEEF1Em, b
SEIL T B o- — 5 F R IR IR Y i 90 [ Ry R IR B
JRFEA S N R & TF M a- =5 B R FE R (Scheme
33). HIT = H BRI S N i H T R A AR A, AT
15 o= = G FP 35 I 10 10095 T e e 30 1 R L i
ENKIRERRTE, BRI TR ZA A 5 mol% i IENFA, &
JS73h 6 IR 30 A7, 5k A i o 0 o 56 R i bk 4
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24 examples
63% ~ 97%, 61% ~ 96% ee

NH HNJ(
Br
COOH
CF;
Selected examples

4—) O

N

(90%, 92% ee)

(92% 92% ee)

N

88c n-CgH17 88d Ph
(91%, 92% ee) (80%, 88% ee)

E= 32 1% Bronsted B2~ [ fEAL IO A KR A® L
Scheme 32 Asymmetric A’ reaction enabled by synergistic
Bronsted acids and Cu(I) catalysis

MeO OMe
Nj@ 91 (5 mol%) ©[
| ZnMe, (1.2 equiv.) NH
toluene, r.t. MeO,C—
12 examples F35 X

84% ~ 95%, 92 ~ >99% ee R
90 3 92

l TMS
OH
OO N
TMS
Selected examples
QT Qe
NH NH
MeO,C—; MeO,C MeO,C— M902C4'\
Fst\ F3CJ\ .G X FC Xy

+ R—=
F3C COgMe

92a Ph “g2p  PMP " gp¢ 92d  IMS
(90%, 97% ee) (87%, 96% ee) (91%, 98% ee)  (84%, 98% ee)

B 33 B o= = o0 I L 8 D e o e 36 P bR B A S 7
Scheme 33 First highly enantioselective alkynylation of a-
ketoimine ester

A, IS RIF BT I R AL >99%1 ee {H.
SO, S SR TT BL e AR HEAT T AN S M e R4
SRS, 2R A I8 T 7 R R P R T BTN
FE SN HL T A, D ST = P R T fr T
P R T IV FE) AN 6 BB A S5 82 (Scheme 34). {3 H] 3,3-
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TUHEEURI FEECZERY 95 VN TR, =&
B HEEE e 93 5 — F 41 )5 BRI b R AR bk 3 1A XS
PRI S BE LATEIE 98% K177 41 94% % Bk £ 14
R F M a- =5 F A=Y 94 (Scheme
34,a); J7IEEARREEV i 97 HIASKS RRBRIEAY S B D) 75 22
5 3,3- (0 R R B 2 EUA (1) =PRI 25 T 96 1 T
i, MR o-ZETk 2 F IR R 98 W HUIS Riih 98% ™ 2
F199%[1) ee {E(Scheme 34,b).

Me i
e .. .
Cre e
Me 2l

95 96

O,N OMe
Meo]@ NO, 95 (5mol%) 2
R ZnMe;, (1.2 equiv.)
+ - e e NH

N| | | toluene, 30 °C ]
15 examples Ar” 2 S
FaC™ “Ar 85% ~ 98% CFa g
93 3 55%~94% ee 94
(b)
MeO NO, . 96(5mol) ON OMe
D/ ZnMe, (1.2 equiv.)
N + ‘ | _ NH
)I\ toluene, r.t. H
Ar” > CO.LBuU 12 examples BuO,C N
97 3 84% ~ 98% 4ANR
86% ~ 99% ee 98

B 34  Zn-BINOL HEAY I I i o g 35 P e AN I 8
Scheme 34 Zn-BINOL catalyzed highly enantioselective al-
kynylations

A4, Ohshima 55 Fth 41 J& /) Phebox-Rh f
FHISEIL T N-Cbz TR 11 o =5 FF L A 2 I P i TR AN
T FRBL AL 2 B (Scheme 35). Zid FoA TRk, il
RIS PGS B Phebox B, J o ] BU A5 ¢ £
fgE 5. 76 2.5 mol% Rh(IIDZEEY) 99 HIMEL/ER T,
75 3 A2 55 FEHUAR A A it B 100 0 s B AT 7 = 3
N 12 h T 5E A RIS EE 95%0K ee fH; bt kE AR Ui
PRI T Z R ZE 0 °C A REEA R 4T 2R 75 1 Xt
W B

BEJE, iz B s N LR AT T R S
TR, R FEIERE LY P2 Phebox-Rh FIR
Ui R 2 TR BT A3 2 B HLEE Rh M0 A; FEMEALTEIR
o, PRV S AT S G C R AR R T I R R
VR TR i ok 7 JEBE B2 (Scheme  36). J& T LR HLEEERTT
ffr1dt 7 — ﬁ(E@%@%Zm%Rh@%ﬂlm.ﬁ
EEAE, 102 FEMEALBER R ST 100 FASKTFRIN A
Pt TR ST 99 MfEtkiEYE. B, EEE X
102 7 F MV Ji B A X FRbRe B A s 2 A 3 PR EAT T 4R
FC. TET5 IEARSIRIT N-Cbz CR31) o- — 5, FF I i R B 1
J1Z 100 BIAXTFRRINBZ N, AL 75 EAE A 0.5 mol%HH 102,
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.Cbz H., ,.Cbz
)NI\ 99 (2.5 mol%) N
— FL.Cum,
Fi,¢” DCOEt + R—=— toluene (0.25 mol/L) Et%zc)\
0°C~rt,12~48h R
19 examples
100 3 82% ~ 99% 101
79% ~ 96% ee
No2
o]
N—Rh—N\>
Ao’ OH2
Selected examples
C H. .C
bz N
F3Cum F4Cm
EO,C X EO,C X
101a " 1016 | O
(91%, 93% ee) (97%, 94% ee) S
H\N,Cbz H\N,Cbz

FaCm FaCrm
EtO,C X EtO,C X
101c 101d SMes

(93%, 93% ee) (89%, 79% ee)

B3 35 Phebox-Rh At o IR P V. J1 1A v 0 I 3 1 ede
(LA

Scheme 35 Phebox-Rh catalyzed highly enantioselective al-
kynylation of a-ketoimine ester

RRIATTE 12 h RTS8 A RS R AT 2R F5 1 7 %
F ee {E(Scheme 36, a); JEda A ui ok A s o7 | 75 B FAR
RIGRER 0 C, HEAFIFHETE 2.5 mol%. BT %
R TGV i, 12 Js I3 3@ FH T B B T IV Ji A AN 5o R o JE 1
B, AHRLEFE a- =5 2R 104 nTHUS
80%~93%1] ee {E(Scheme 36, b).

55 v v e ) R T S A B, T B 7 A 1 T
f&, T8 T smb BT AE A, R R
JLFRIIE PR EARAT 22, {5 15 B IV e P LA o PR e ik
b B L #1) 2013 4E 4 B Shibasaki 253 18 (Scheme 37).
A AE R R 7 B 5 ONBER IR AR R e AR
PP, AR T A 2% A T A AR i JoRe ) ] R e o
MEREHEATIE AN, XX PR AN 5L JER A2 R UG A0 P SR i
SN EUA T . A5 FH U I 445(S,S)-Ph-BPE AiT4E
1) Cu()Z& EMVEMALT, — R 51557 HEFN e 3 K I e 5
RN 55 07 R W S, LA 68% ~94% 1) 7= 2 il it 1
TT%H] ee (ELAF 2P ™4 e B Uit g i FH 1%
SN, AR ee (A FIT T . LR SR R 0T B a6
PEIEA T 025 8], AHJR AR B R R B UUTE A S o]
SRR VT A T IV f 4D A 0] AR e A e 8 P O e B A R
(Y398

DA e A 2R A8 A AN o R R A S B2 A Sl O
HOLIR, RO P s T B e 2

http://sioc-journal.cn/ 485



BHE FiR5itR
(a) N-CPZ 102 H.\-CP2 mesitylcopper
. S (0.5 ~ 2.5 mol%) ECo I_Ph (S,S)-Ph-BPE L.Ph
+ R—= °C~ 3&") N~ “Ph 10 mol% HN™" ~Ph
F5C7 “CO,Et tolue1n2e,~ 0480h rt. Etozg\R b . RI— (10 mol%) R
100 3 17 examples, 88% ~ 95% 101 R'" "R toluene, 40 °C 5 AN
80% ~ 95% ee 16 examples R R3
0/ ~ 0, 0o/ ~ 0,
______________________________________________ 106 3 68% ~ 94%, 50% ~ 77% ee 107
Ph Ph/‘
wCF3 y
100 < TN COE ( :P/\/pf )
\1 }/' OAc o eb 3 Ph PR
I R 108 (S,S)-Ph-BPE
< R—H l ] Selected examples s
' PN S [ Ph
N (|)~--JO Cup N | b-Ph '5 Ph l5 P '5
A 101 (R~ p~=co.kt HN “Ph
Me OAc CbzCF3
___________________________________ c P <§~Ph e e Ph
Control experiments 107a 107b 107¢ 107d
Cbz (89%, 72% e€) (92%, T0% ee) (68%, 77% ee)  (94%, 77% ee)
N NO
2
FsCu Ph = ‘
EtO,C X B 37 AT T B SR (0 A S BB R S

101a
with 99 (2.5 mol%) at 0 °C

0
i . N—Rh— -
48 h, 8%, 89% ee A
with 102 (2.5 mol%) at 0 °C Messl

48 h, 96%, 87% ee
(b) N-CP?

/k OEt o 105 (5 mol%) FiC™ k\
—OEt *
O 3

" toluene, 4 AMS, rt. EtO/P\
6 examples
103 86% ~ 99%, 80% ~ 93% ee 104

Y@YO
PR / o~ Me ph
Me;Si
105

B 36 HRdE-Ru(IIT) 2% & Wil A ot e R PR IR AL S L
Scheme 36 (Alkynyl)rhodium(IIl) complexes catalyzed highly
enantioselective alkynylation
Y41 KAE069 EJ’JTxﬁ”éAﬁii(sCheme 38). M N-BifL
TR A B T 109 R, LA
(R,R)-Ph-BPE-Cu()Z & MEL T 5 N-Boc fRIHILEE
B LB 110 AN BL I LA 97% ) 77 # F1 96% (1] ee
EABITFHERRRE 111, FEAELL R EBERM Cul
AL 73T P RS S AT B OCHE Y 2-5 ke 2-5 0k
AAbmimed a s 112, FE 200 5 S AR BT SL
KAE069 146 .

PR, /N R A VR R A AT T R R 1 1 AR
VERBCAE, RGFHEE T R Hont e 400 1A Xﬁ/\bmﬁz
S M(Scheme 39). i BAAZE AL KN, 5 B L-F
KEFIFTAEMIAT 114 5 Cul MG VE RBEALTIN, —
RN T7 RN H R b 3 5 HELL IV 113 BN RSB g
LA 50%~95%[1177 2 LA K 86%~96% 1] ee {EL#3 EIIH I )
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Scheme 37 Catalytic asymmetric alkynylation of acyclic ke-
toimines derived from simple ketones

th mesitylcopper
(R,R)-Ph-BPE
5 mol%
DME, -30 °C
NHBoc (97%, 96% ee)
110

2 steps (61%)
96% ee
>99% ee

> enantio-enrichment

KAEO069

B 38 2515 T KAE069 I FR A&

Scheme 38 Total synthesis of drug molecule KAE069
FE 3-bR A -3 AL A W 115, 2 18 AL AT
Ft, AEFE N RTFEII A A 12““1’?@%%%?%%%%@@%
FREIAE R, FIEAT 104 ST AE B ITER 3L e i o S5
BCH LA BE LD G AT TE AL
2.2 IFIRERYEBREY AN S FRREAL R B2

FE RSB T 2R B RO F AR A% G20 FR 6 0 e 1 A 0
PRI SN B FefiE E(Scheme 8), Maruoka 5!k —
1 H PyBOX-Cu(1) %% & ¥ Fll %l F-14E Bronsted & P [F] /1L

FUSEIL T 1-BESEHIRAR IR i 116 (AN R SE1E,
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R3

o) \\

N 2
1 N 1 R~ '\iH
R / 114/Cul R
Z~N T 4 AMs Z~N

\ toluene, 50 °C \
113 Bn 3 33 examples 115 Bn

50% ~ 95%, 86% ~ 96% ee

Bn CF3 Bn
115a 115b
(83%, 95% ee) (85%, 91% ee)

BOC\I\%H = oBz

Boc—
NH
> 7

N N
\ \
F Bn F Bn

115¢ 115d
(50%, 95% ee) (69%, 94% ee)

B 39 L0 AN PRI IE AL S

Scheme 39 Asymmetric alkynylation of isatin-derived ketimines
118 (6 mol%)

[:[ NGO +RZX—= ©Q\‘\
7 ® NBz 3  CHaCl,0°C, 48h %, NHBz

R? 11 examples
116 84% ~ 99%, 79% ~ 95% ee 117 R?

SiMe,Ph
L.
CO.H
OO SiMe,Ph
Selected examples

: ; NHBZ : ; “NHBz

Me \\
117b 4- MeOCeH4
(99%, 95% ee)

: ; NHBZ ©§/> “NHBz

117c CsH14 117d
(84%, 90% ee) (93%, 88% ee)

23 (5.5 mol%)
CuOAc (5 mol%)

117a 4 tonI
(97%, 93% ee)

B 40 1-GeEEFRR A S0P BRI I (1 AN PRI A 5
Scheme 40 Catalytic asymmetric alkynylation of 1-alkyl C,N-
cyclic azomethine imines

S Ni(Scheme 40). X} SZEGFR B, il F1E Bronsted FR 1)
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TONAT LR 25 32 3 ION X6 WUE B, 7 5 mol%[1)
Cu(D)Z&EWIAT 6 mol%I1) 3,3- (. L FE Rl I Ik 25
ZARTAE I R IR 118 MEALTT, O B A B K o o
X116 FIINER SN A BARTIE 99%H 72 2R A 95%(1) ee {H
AR R 1-Hot J- 1B P R DY S M WA A2 4 117,

Watson 2138 1K PR i S0 e B3 3 A B T % I
B, SEHL T A ity o St L R AN X AR B 4K S B (Scheme
41). flAIfEEH CICOMe 1EAWEALIRF, DIPEA 1EGH,
0,0~ . 77 FEPCIRA U Jie 5t e A T R A s 8 A= R I g 1
BT A, JFE S PyBOX BCLAAHTAE IS4 & A i pl )
O A3 1-75 - 1R P JE DU S S v R AT A2 9 120, TR
AR, R BRI S SR HLAS B 5 96% 1] ee {H, 1H
FE Jo 8 R i JoRe JES A2 FR) e IR ASC e A 5 PR T B G 43 12k
A5 FH KA B = ZRFE Rk 3k 2 b, S o m BRAS e A ) &5
R(120b).

Cul (10 mol%)
Ph-PyBox (23) (12 mol%)

X CICO,Me NCO,Me
R + RP—= —R?
! _NH i-ProNEt, CHCl3 =
24 examples Ar
Ar 38% ~ 93% )
119 3 upto98%ee R 120

11
cico,Me |R

Selected examples

©;>NCOzMe @\ICOzMe

P % PH
N\ N\
120a Ph 120b  SiPh;
(T7%, 91% ee) (76%, 98% ee)

Br
mcowe @ucone

PH 3
120 \\ " N\
C
Ph 120d 0-MeCgHq
(92%, 91% ee) (89%, 91% ee)

B 41 a0 55 FEFORER I (KA PR IE A S
Scheme 41  Cu-catalyzed enantioselective alkynylation of
o,0-diaryl ketimines

DR 2R A RGBT T N-BR IR = 5
FERAEE 121 BA FRECEEAL S B (Scheme 42). BL7E
2012 4R, Ml F s R BT AEY) 123 1R FIRRC
A, SEIL T — RAAR S R 8 X 121 HIANXS BRI A S
FELLRIE 94%I1 ee (EAFE] T AARIA IR 122
(Scheme 42, a). fH3—#EMZE, ZEHFW R T
PyBOX. N-PINAP SFECAAATAE ) Cu()Z &K
W, AH I S S RIS A AR, b, ATk
J&T 124 [ HEAb [ Ri(Scheme 42, b)™%; 75 FIERKZE
FAIC 1A 126 5 ZnMe, FIZESIMELL T, AHBL bR EEAL
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BIKE

WIS R B R T IREBE 55 A0 5 A A
AR

(@) OH R
Q/H”on
N
CFs | ‘ O,N Me” “PMB FsC,
R TSN 123 (20 mol%) .
N | ‘ZnMez, toluene, -10°C " I
N 0o R 30 examples ’}l o
PMB 92% ~ 98% PMB
121 8 70% ~ 94% ee 122 R
(b)
CF3 ‘ |
R XN 126 (10 mol%)
I +
N N/go = ZnMe,, toluene, 10 °C
| R’ 22 examples F3Cu, NH
PMB 90% ~ 97%, 63% ~ 97% ee ,— =0
124 10 N

Ar \
O s e
OH
Y
Ar
126
Ar = 3,5-[3,4,5-F3CgH,],CeHs

B 42 N-BEEEPRPR = 5 HP 5L 10 Y0 e ) AN X B o A I B2
Scheme 42 Catalytic asymmetric alkynylation of cyclic N-acyl
trifluoromethyl ketimines

2016 4, Ohshima 2R F 4t 417 % J& i) Phebox fiT4E
(= RERL) £ B Rh fEAEGR) 129 SCHL T & AR
N-TRf ok FE W FR TS SV A 127 AN XS BB B4k J ¥ (Scheme
43). 1£ 5 mol%IH) 129 FIAEAE T, J5 FEAGE HE R v bos
127 WINMER B, £ 70 °C R BJ EUASAR 75 1 72 2 A
78%~87%M ee {H. BLJGTE 2017 4, 5K JixlFI BT LA R
FRZH R TE T A ATTEE PR BR BRI i 1277 A KRR He g
0 7 H RIE TR i 7 a5 M A e S EAR
() F-PEXEMEE 130 TAER Cu(ID)% &1 Al 7,
AMINLIOAC 1EJB, SEIR T 5% H R vy bRt BAR PR WP i
127 FO IR AN 3 BA RS IE 97% 7= 2 F1 98% ) ee (E 15 2]
ORBE =4, Beah, AR R TR EE AL /S TOHR
Tl SNV g P AN Xof Ak Jke A e I 5 LA v 45 3] 1R 2 P 0 B
R

B E R A PR 5T % B, 7E (R)-DTBM-Segphos
131 5 Ni(ClO,),*6H,0 Z8EWNHIMEA T, N-Fisf 9t 5Ll iR
BE W i 127 55 95 FR B R A FR [ SAE 50 °C R AT
i 83%II 7B A 94% S i £ 1. bAh, 1AEH
WAE BB A N 2R T bR R BUR Y, R IR N FEAS
RedbiT. @RS LRI, ERMEZTHERMD 20
mol%[1] Ag,CO; 1E N KE BB EA T, B BT S I H %
127 FIH0RG S B BT R 4 B F5 R ek £, H7™
FARIAATAR, Zabxt szl MmEid &, ZIEE WA
A S N FEA ] Tl id Friedel-Crafts 287 LR E47 1,
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SR 5iHtR
T AR 22 PR 5 T BTk it <5 S M A AL B
R S0 c\)g//o
@N + Re_— Conditions R TN
o~ Z~.,
CO,R' RIOLC
127 3 128 R

n-Pr, n-Pr

oo llT e

|
N—Rh%:N N  N—
/\o’ Me % Ph Ph
Ph 7 ~Ph

Me;Si 130 (15 mol%)
Cu(OAc), (10 mol%)

129 (5 mol%) LiOAc(1.0 equiv.)
toluene, 4 A MS, 70 °C toluene, 5 AMS, 90 °C
6 examples 30 examples

90% ~ 99%, 78% ~ 87% ee
Morimoto & Ohshima (2016)

Ar = 3,5-(t-Bu)2-4-MeOCeH2

0
% O 131 (12 mol%)
o PAr, Ni(CIO),6H;0 (10 mol%)

CH,Cl,, 50 °C

PAr.
(O 2 28 examples
e} 50% ~ 83%, 80% ~ 94% ee

Lan & Jia (2017)

56% ~ 97%, 40% ~ 98% ee
Xie & Zhang (2017)

Bz 43 V-t 5% 1 1 IV J P AN S bR A 2 7
Scheme 43  Asymmetric alkynylation of cyclic N-sulfonyl
ketimines

3 REERE

e LR, BRI A bR AL B B EL 22
M B AT) 75 AL FH T 1) 9% P S e 42 Jee s N T BAASE Y B
NRE W& AT AL S E e an Rk, S MAE SRR
{7 A58 A AR U5 JEURE IR T2 M B 3 T BRI K
JE&. ARBCTIENRZ ) 2 7T, W P A B bk Al
S SEMIAEOHRAE LD, B R K 22 4 A e
PERIER.

TR U i e A B A o] o ke 35 A Jse 2 AE 3+
AR T PR, (RIS AR ST RIS AT 7 B
—BRER M (1) H AT LR, PRREE LR A SRR
SAL S NAEANS R i AR B T RO N,
{ELR AR PRI V. J1 A 6] B R 32 e s B2 FY 82 ] iz ) 0
ARAE; ()2 T AR M BRI (1 8 I S B e AE
IR ST s T HE R 11, ERA R
B IR LR PR, (3) 17 L AT A I Jie PR AN X Pk Sk A
SNANAT — 4R TE, 5 I ARG A A0S Rt 64 25 I A
KIFETE AR, BLiZ% A 4 Ja R I — A B 48K
Shibasaki 5 Jfr {4 FiJ (19 005 1o SR g g o f] B0 I 14 A
XEPRIRIEAL S (3 e BRI T AR &7 (0 S8 (4) I
AN BRI S L (R SR TSR BT R, R
2 LK 2 (1 TR S 2 PR A X bl i A s 7 A1 52 R R 1)
—ANRIETT I (5) KSR BRI IO HEAL 1A S MR TR 9% S
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