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Progress in Imine Formation from Direct Coupling of Alcohols and
Amines Catalyzed by Metal Catalysts

Wang, Hui Huang, Longjiang™
(College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042)

Abstract Imines are very important class of compounds and have been widely utilized in fine chemicals, pharmaceuticals
and chemical industry. The C=N double bond in imine is an important nitrogen source in different types of reactions due to its
high reactive activity. Due to its high atom economy, catalytic direct coupling of alcohols and amines to imines based on metal
catalysts has attracted much attention and maken great progress in recent years. In this paper, the advances in direct coupling of

alcohols and amines to imines catalyzed by metal catalysts are reviewed.

Keywords imine; alocohols; amines; metal catalysis
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1.1 BT

2009 4F, Park S5 LE 4 42 @ 4 K kL B AE B A
PR, Hil & T — PR A E L) Pd/AIO(OH),
N FEFH T M e R e A 1 ) % O g R (OB AE 2.0
mol% W FI A A SAETE T, NI LA E P b
90 ‘CJ 20 h, W ZIEE]90% (Scheme 1). i
¥R R IR BE SRR A v O A B B 6 A H - 28 (T
4-FAHE, 450 W, FRIE R IR SR ERER
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Pd/AIO(OH) (2 mol%)

R'"SOH + R*-NH,

O,, Heptane, 20 or 24 h

N Ph
Rsl_\ N
L~

R® = H/4-OMe/4-F, 90%/92%/92%

/@A\N/cyclohexane
MeO

93% 98%

X, _Ph
R4;\ N
N

R* = H/4-OMe/4-F, 90%/91%/92%

> Ph J\
<OﬁN ;F CrHig SN ph SN
(@]

13 -R
N N N X J\/\
PR N Ph" N
93% 90%

8% 0%

B3 1 PA/AIO(OH) A 771 fhE A I I i B AR IR AR B3I e 1) J
Scheme 1 Direct coupling of alcohols and amines catalyzed by Pd/AIO(OH)

JIE 7 e - F ot 1 25 AR RS 52 0 b 7= 40 R USC 42,
1 2,4,4- = WL Rt -2- g 5 R S S LR N 98%,; 1E
50K R ) R B R AT 8%, 1-2K e 2R i | BL
MRS 2 H brr=9). 1AL EE R AR B 1) F2 Hh BR AR
AN T E AR MRINF, A—ENEYEHEE, &
— TR X At FLIE S e i) 4 i

2011 4E, Xu S5 TR MEAL T SRR R B
FARBE N, 7E 1 mol%BEs FREE(PA(OAC),)s 15 mol% =
L 4 mol% VY FEL IR IE S AL P (TEMPO). 20 mol%
-BuOK M SAFAEI 6 T, FEEFI-R I 2= R )V 3 d,
WV JE S 283k 99%. X T i A0 G s e 2R, fig LA
76%~99% IS 245 2 H bR =4, X TR I AU OR iz
FIRA, BTG U T B A kA MU (50 mol%

5 100 mol%). HLERAF TR, 2N AE P T REAEE
AL AR, B e 5 R0 SNy AR RO ) AR, H
AL A & R AT LRI R G M AS A7 AR R . %071k
AN B HLROSL AR AR AR H IR AR, JRE Ve, H
SR ) b FL S S 2 77 BE 2 R I, 5Ttk
S PIPRIEI IR, WAL,

2017 4E, Dong L) 4.4.4- = 4-1-(4-(MHEnE-4-55)
FHE) T I5e-1,3-FiAT Mn(OAc), NIEEL, ERH &K
TOHT Mn(ID) 4 )& A HLE JE(MOF), K% MOF £
Pd-Au X4 8 & &K RL T EE, B3] 7 — Rtk
ERE AR E A KR R Pd-Au@Mn(11)-MOF.
A RTES KM, BeA SO e R RIfE “—4

R1/\0H . RZ—NHZ Pd(OAc), (1 mol%), TEMPO (4 mol%) 1/§N/R2
air, neat, r.t, 3 d, {-BuOK, EtzN
SO a9 B
s N _~_~ o AN N/ N _~_~
67% 94% 99%
X \N,R4 X \N/Rs
|// W
R3

R*=H, R*=Bn, 99%

R*=H, R*=3-MeBu, 94%
R*=H, R*=cyclohexyl, 99%
R*=H, R*=3-MeOC¢H,, 37%
R*=H, R*=4-EtOC¢H,, 70%
R*=H, R*=3-CIC¢H,, 66%
R*=3-OMe, R*=n-C,H,, 99%
R*=4-Cl, R*=n-C4H,, 99%
R*=2-OMe, R*=n-C,H,, 23%
R*=4-OMe, R*=4-MeC¢Hy, 91%

R;=H, R*=n-C,H,, 99%

R*=H, R*=Ph, 75%

R*=H, R*=n-CgH,», 99%

R*=H, R*=4-MeC¢H,, 41%

R*=H, R*=4-CICH,, 35%

R*=H, R*=2-MeC4H,, (43%)
R*=H, R*=2-CIC¢H,, (21%)
R*=4-Cl, R*=n-C,Hy, 99%
R*=4-OMe, R*=2-furanmethyl, 91%
R*=4-Me, R*=Bn, 76%

R*=4-MeO, R*=Bn, 98%
R*=4-MeO, R*=n-C,Ho, 99%
R}*=4-MeO, R*=n-CgH,-, 98%
R*=4-MeO, R*=Ph, 67%
R*=H, R*=2-MeOCH,, 36%
R}*=4-0OMe, R*=4-CIC¢H,, 43%
R}*=4-NO,, R*=n-C4H,, 99%
R*=4-OMe, R*=Ph, 67%
R®=n-C4H,, 97%
R>=n-CgH,5, 70%

R>=Ph, 46%

B 2 TR P A P A f FE 2 A RO A AR £ 5 2
Scheme 2 Direct coupling of alcohols and amines catalyzed by Pd(OAc),
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R ER R SN A I i (Scheme 3). X T 19 FhAEEEAINE
W25, %715 0.75 mol% Pd-Au AL, £
ZAH 110 CJA 24 h, PHRTLE 49%~99% [A]. 47K
5 RS Sy s 1 A1 PP R A (o PR AR ) BRI, H A=
YICR S A, T 27 M EE AR R Y, W
BLAE R NAR RN 10 mol% A A AL EN, WA
49%~99% 2 [H], PR 5 IR HHUCR IR (S BRI A7 B
X PR AT R R .

1.2 fEEWLH

2012 4%, Xu 2P BRI ORI, R T
) e A 1) e A R Y L 1T i 1 77 ¥ (Scheme 4).
TEZSAFAE T, LA 1 mol% [ Ak A A 46 77, 1 mol%
(1) 2,2"-BEIERE W ECAAR, “FEEAI-EBEAE 2 mol%[f] TEMPO
HAETRCIEFRERN 6 h, LL 99%KUR 52 HArIE
FEr=4). ZITRER T, E AR AR R
R RERIEE R RE T L . 05 & RSIRy, WA

64%~99% [H], F£AT LABOKE] 100 mmol [FIRIEL. T
& SR IR I N R AN R AE W . 7EEEAS I B it A
o, UL A B AR R EIE A, [RIB S ReE
o S R P T 7 S 2 2R . 2 A T YRS 7 SR i A
AR, AR 245, AR, JRY)E HYEE,
— PG R i 2% T v

[F]4F, Zhang %P 5T T Cu(ClO,),*6H,0 AL i
AR (P fe A B2 %75 LL 5 mol% ) Cu(ClOy),e
6H,0 ML 1.5 equiv. A NI, HAAFETH
T 70 °C M 22 h (Scheme 5). B KAZFH 2,4,6-=
FEOR AL, RS 50 . TR R IR Y I B RE
PL 63%~97%MU A3 2 B ARr=4), TiE T I 1 K
DL 1-RFE-2- T 5 & Pl 1) e B R 22, 38 A e
BEREY). ZIE TR, E2RME T
BN I = .

0.75 mol% Pd-Au, toluene N N N

ri-C ] OH, e N
= N~

0.75 mol% Pd-Au, toluene X, X

air, 24 h, 100 °C _ _

48% ~ 99%

=
R
N N

SSRslish

NaOH (10 mol%), air, 24 h, 100 °C R >

49% ~ 99%

BR 3 SXERRANIEIAEE A A R Pd-Au@Mn(I1)-MOF {8 {b B2 1 i — 48 6 BT 1) B
Scheme 3 Direct coupling of alcohols and amines catalyzed by Pd-Au@Mn(II)-MOF

R""SOH + RY

NH, Cul (1 mol%), Bipy (1 mol%)

R _R?

N

2 mol% TEMPO, CH;CN, air, r.t.

X
NS
g oan N " % o8 © 96% 66%
99% ° 98%
N SN Ph /O R* PN
| _R6
Rsr P Ph/\ Ph/\/\N RS PR N-R
84% ~ 99% 66% ~ 91% 77% ~ 99% 88% ~ 99%

B 4 A 7R A TR i L BRI G 14 5

Scheme 4 Direct coupling of alcohols and amines catalyzed by copper catalysts

NH,

Cu(CIO4)y6H,0 (5 mol%)

P R2

R1/\OH + R2”

RSN7

Toluene, KOH, 22 h, O,, 70 °C

/—'R3 Ny R e NPy PPN
e 1 Ph™ N PR SN Ph™ "N”Ph RSTSNph

66% ~ 97% R* = alkyl, trace ~ 83%

trace trace

RS = alkyl, trace

B 5 BIEZAE T Cu(ClOs),6H,0 il A AN A BRI I ) S5 7
Scheme 5 Direct coupling of alcohols and amines catalyzed by Cu(ClO4),*6H,0
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2015 4E, Bai ZP7L A il (#7545 2L S A0 T4 (Cu,0)
YK AR AL Cu(ClO4),26H,0 VEMEAL ). %Ak 7 i
X6t 5 X A6 A Ak L S T 1 5 e R (i R AR 3 . R
Jie) A R A g 7 e (R AL S8R B, R IR B 84%~
96% (Scheme 6). X T 4B A HUAIE F 2K R A (4 2-
FAR R G 2-VR K 5 B (1 | L, L FZ SR A A
50%F1 54%, X1 3-Mbnedt B LS AR OB, I EUR
RHH 24%. ZMEAARRYERERER, RNAR
R BN B AR, 7 S SRR A AR A I A T AR AL
AR, AN A A FE 2 S I 2 S
i, AN B R

2017 4E, Galia ZE*M4 i ik 5 D AL MR g 2 AL
SEO A% T — RSO T AL DY R R e R A 1
f74EY) BT, K HE4C TEMPO 5L V4R 45 R fE Ak
A CAARRERE RL AL B0 ROBLR D, 2 A 77 (it
AL EAR AN BT) 1) S A 0.1 mol%H, 14467111
HALE(TON)E 5, KNARIEE] T 900 (Scheme 7). X+
TR R G s i 875 e A% R W B AN RS, itk
(11 FH NP 0.1 mol%I,  HARF= iR — il <
10%; ¥4 77 =3 TH BRI 0.2 mol%, [FINT 4E
KB [A] 5 24 h, HERERZPIEN 59%~99%. 1%
TR R, RBZAFRA, JRYE TSR,
{H BT A G il 4%, HARILSEAHLEEAD Scheme 8 Fas.

RIVNOH + Re” NH,

3
_IR3
NS

PR N

50% ~ 96% 80%

Cu,0, KOH, O,

TE_FR A S AL I 7 rp R IR, S T AR
SRS BRI . TEMPO B0 HLAC A5 K 1wl %,
B IX s i e e PR . 4 X Ik — 7], 2017 4, Wei
L1291 R 4% T TS MLC A FE A7 74D 4R 8 4 77 (NHL )y [Cu-
MogO5(OH)g]), K F& FH T £ I 0 e 1] 4% 30 e 1) Jse
% 1 (Scheme 9). ST B A e LA K B Wi e 28 R4,
PAZE NIEF, 76 1 mol%EALFIA 1X10° Pa %S
50 CHIZME TR 12 h, BARZWH2RLE 73%~
97% 0. ZJ7 VATl LBl SR B m A &SR . A
TR RKBURRIG LA, Wb T X EE, £
Hap bR RIBE, NI RS T — R
B, HAEMHLFA Scheme 10 7.

1.3 SEEHF

2001 4, Taylor ZPN DU M — S ALAR AT R R A 8 Ak
A A A ) 4% 0 % (Scheme 11). X F R EEREY 5
Ji () R 8L, 5 B BOAR 25 11 P 0o e I 35 AR YA
ZURER] DA RO A RO . AR 1% 05 R SR
A L7 20 2 U ), T EL ™A% R SOR UL T
AN B THEAG SR

2008 4, Steven 20U & 1L\ A5 T IR AL
(K-OMS-2), F44 0 FH T fhi A T R e A B i 46 SV Jz (1 )2
N. EZSAEET, FE(1 mmol). f#(2 mmol)Fl K-OMS-2
(50 mg)fEHIZRH 110 C/B 12~24 h, JFEREALEN

2
R1/§N/R

Toluene, 70 °C

B
Cl N/

74% 24%

B 6 # B E AL IR (Cu O) AN K 1 JE AR AL B A e £ J I ) S 2

Scheme 6 Direct coupling of alcohols and amines catalyzed by uniform litchi shaped Cu,O nanoaggregates

RIOH +
R CHACN, r.t, O, 12 h

sl S \N/\Ph o, R e e NP e Yo U Ua Ul
R.—/ Ph” "N Ph N~ “Ph Ph N

90% ~ 99% 78% ~ 99% 94%

Sy Ph S, Ph
N\ ~ SN ph N N ~ S
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,-NH, BT (0.2mol%), Cul (0.2 mol%)
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R N 0 0
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Scheme 7 Direct coupling of alcohols and amines catalyzed by BT and Cul
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Scheme 8 Proposed mechanism for the catalytic oxidative synthesis of imines catalyzed by BT and Cul
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Scheme 9 Direct coupling of alcohols and amines catalyzed by
inorganic ligand coordinated copper catalysts
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Scheme 10 Proposed mechanism for the direct coupling of
alcohol and amine catalyzed by Cu complex
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Bu’Nv©/\ VB o SNBSSy vdoheane SN Sgy e TN “NBU
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Scheme 11 Direct coupling of alcohols and amines catalyzed by MnO,
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OH *RT=NH2 —307C Teflux, 12 or 24 N
3 N /R3
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BI 12\ TER G 07 {00 A B A i P I e PR S B2
Scheme 12 Direct coupling of alcohols and amines catalyzed by K-OMS-2

Mn@DVTA-3 (3 mol% 2
OH + 2-NH; © ( ‘) 1/§N/R
R DMF, 15 h, O,, 80 °C
X =
] X N/\Ph +R5 = \N/\
R34 X, AN
|
80% ~ 88% 80% ~ 85% 83%

B 13 Mn@DVTA-3 fif (RS FIZ ] 26 S0 1 32
Scheme 13 Direct coupling of alcohols and amines catalyzed
by Mn@DVTA-3

[A]4F, Gao 251 M4 MnO, Fa T &% A A #ifk L, K
I BL SR B K A7 (HAP) Jy 344 BT 1l 2% 1) i AL 71 (MnO,/
HAP)EZAAAE T B RAF AL I S A R P g
X TR BRI L S NE, AR R BE A 82%~

98% LA AT B S (ML, TS B ) 3 B 5 AR AR 1%
AT LT A R (Scheme 14). M 4K 7 VEAS 75 EE 7R 0
WM B, BN EE R AZ M 5 T Bl ]
fEFH, DUREER CRONRIN, HEALTRIE 9 O3S
ISR HARIER] T 98%, F H AT HIT 50 ZAUBRE it (0 1
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NH, MnO,/HAP, toluene 1/§N’R2

air balloon, 24 h, 80 °C

QR4 | \ L S il

82% ~ 98% 95% 30%

PhAN/O N/\M/ N B

95% 94% 26% 1%

B 14  MnOx/HAP {4 32 51 2 A5 B i) 46 0 % 1) s

Scheme 14 Direct coupling of alcohols and amines catalyzed
by MnOx/HAP
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2013 4E, Xu ZPYRGE T LA O AL A,
Fe(NOs);» TEMPO LLK A, %m%ﬂiéﬂﬁszt&%fMQKH
Fi i & W 12 1) 77 15 (Scheme 15). S F R BE AN A e 28
JEYD, ZJ77Eh 70%~98% IR ARG H Ar =4, SR
o - B AR 7 e SRR, 1% 07 R RCR AR (19% ~

/\OH + R27
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41%), KHERESHRREAEZ KM T LA, %773k
PSR, AT 2 3145, OB 2% 1 B A,
(BB BEAAR 2 Hh it 222 M s ) LI AIF FE N A7 BR.

Fe(NO3)/TEMPO (10/10 mol%) R2
“SOH 4 R>—NH, RI7SNT
Toluene, KOH, 36 h, air, 80 °C

X .Ph
R34 —R4 = N
\_s
RS = alkyl

70% ~ 98% 19% ~ 41% 90%

B 15  Fe(NO3)y/TEMPO f {4 B Al i il £ M0 1) e
Scheme 15 Direct coupling of alcohols and amines catalyzed
by Fe(NOs);/ TEMPO

2016 4F, Liu S5 IR0 1 —F0 LA FLBOy #k
1] FeO,/HCMK-3 AL, R4 € T HEAL BRI Z 4R
AR AE O R R B 7E 100 kPa S SAFAE T, BE(L
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16). 7530 L&A i TR BIM R SRAT A (I 4-H
Fe4- WL 4-5 ) 5 A SN, 23 7L 93.2%
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RNZANER, B A =AY, AT SEEL T Ak
TR AEEIR. 7R AL N R v, B A
97 REAS S 7 [ 2R e s D IR
1.5 FTZMELF

2014 4F, Ramesh 25075 R 50 BN 2 B 1] 4% I Jiie
i, L 0.002 mol% Ru(INNN Bt &4 AL, 76255
TEE T HZER 70 C/RB 12~36 h, EHN 41%~96%
(Scheme 17). X T ARSI RE LSRN0 [ N, 356
DA SR A AP RICR AR B H b9, AT 2K S
FVEERT, 3 BTl T FHEREMEERIEY 5%
(o)A
1.6 SEELF

Uk R LY S AR (SRR IR R A% S
AT FVE. 2009 4, He 2500 8 7 —Fh LAFR L1 K
1 (HAP) 8 A (1 4 9 Kb AL 7, FE34 0 T4k
PRSI i 1) 45 3P B 0 SR, 7E 1 mol% 4 (VA B 1 B

1 R2

“SOH 4+ R?-NH,

N~

Toluene, air, 80 °C

N \N/Ph
R3;
L~

R® = H/4-Me/4-OMel/i-Pr/4-NO,/
4-OH/4-Cl, 98%/93.2%/90.7 %/
84.2%180.7%I75.1%164.2%

55.9%

N
Ph/v ~ Ph WN _Ph

36.4%

B3 16  FeO,/HCMK-3 fH f B e il £ MU e F) fse o
Scheme 16 Direct coupling of alcohols and amines catalyzed by FeO,/HCMK-3

R'—OH + R2—NH, Ru cat
toluene, air, 70 °C

DA — /N—Bn

/
78% ~ 92% 41% 90%
NN N
WN—Bn Ph™ "N” "R? \M;\N—Bn
83% 76% ~ 96% 79%

. _R?

R N7 + Hy,O

_R p—
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Scheme 17 Direct coupling of alcohols and amines catalyzed by Ru(I)NNN complex
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WHIFRESAFAE R, BERRPEREMEF %% 60 Clk
Ri1~16 h, JRYIBERIEEAEIE 75%~99% 2 (8], HArr=
VIR IR B AR G, 76 90%~99% 2 1], Forh -
KIEMEALEN 76%~99% 2 8], 52 HL 1~ JE [ 1 5
AN CINASFE) 2 KR PR LA R, 4-Rg IR I 154 %
N 76%, KBTS B U 1E B AR AUN 75%. %
AL N2 T T — AN S A, PR SR AR FOTE
Jl (LR, AT AR A AL T, eI AR R
AR, ZlE, BAEAREH 5 AR REREM. &9
KBLF 1 5N 3 O T BB A, nT HAP I
T P RRR 1 7 557 ) 2

2010 4, Riisager £ 7 Ll — %L EK(TIO,) A E
RIS GRRLTAE N 2 ARG, LA O A AL i
TR R s I A T e PR 4. 12 S SEAE == S R TR 3
17, EIE MM FMGT, BARGMEREE (>
98%), HJEREIEY) I 11 i 1b 2 1 W K (7% ~ 63%), X
T BB IR R RE R R L, F AR A H A 51%.

2012 #£, Hensen ZEVPl 4% 7 —Fh /LB M KW A1
(HT) 11 3% & 99 2K KL T (AuNP) [¥) JE 2 A1 4 1L 577 Aw/
Mg AL-HT, 4 A T 4 B R0 % S 7 ) 46 0 i . 7
0.5 mol%MEALFIFIE SAFAE T, RERLIRYILE H K
T 60 CM, BESRIIIIEEA AL kB &
SN ] SE KT 3N, SN IELA 5~12 h, b

PICB-Au/Pd (1.5 mol%), NaOH (0.25 equiv.)

TE 77%~100%2 1], JEFEMEAE 63%~100% [A]. 1%/
AT B AT BT URR 7 3% S Aok AL, AR
m TS R R, T AR E R s b
AT S 8. SRS, BB Rt
R AA.

2013 #E, Kobayashi ZE*HRIE 7 —Ff i H o 4
i FH 10 5% 4 Wtk 010 4 /4R A 4 gheK ok T I (PICB-
Aw/Pd)Z M#ELF. 7€ 1.5 mol% PICB-Au/Pd. 25 mol%
PR EA AR E SAFTERI 56T, B R R 7
40 ‘CEk 60 CHITRAEFIV(IYEMIE)/ V(YR L4 =
4 112 b, BARFEYDIEIZ AR 58%~95% L
B, KHERIEFRERYEEIRR A 58%, H GBI
Jle SR WIS )55 (Scheme  18). PICB-Au/Pd  3EHI4H
TR LA BT s PRI e, AT DA 5 M 22 KA
WA RURIENE, (HR B EEHEEA NS5,

2017 4F, Wang 24N 2-mb g 2 9 = W 5 4x(11D)
e A7 A T e B =M (D EC &4 TA-Py-Au(IIl), 3
FEAZ T A A 9 A 50 FE T A R R e 5 R8T e 1
M. 7E 1 mol%fiE4L5. 120 mol% KOH % SIEE T,
i R0l 7 F 2R R Bl O R 24 h, SERE = IR R
76%~94% (Scheme 19). T EEF 5 RN, 275
FEBAREA F. Cl. OMe Al Me B, BRI i,
B A ik e Bk M L R R AR IE T X — OB A

R2

AN

R'"SOH + R2—NH,

O, balloon, 12 h, 30 °C, solvent

N~

X X (0] X X Sy
R NBnom T N=En MN—Bn C/His” N-Bn /\ N=PMB o N"SN—Bn
| _ _ Ph
N

65% ~ 95% 79% 84%

92%

R4
w
Ph N@

58% 79%

NS NS S
Ph”” “N—CgHy7 Ph™  N-CgHys PhAN/\)\ Ph” “N—Ph Ph N-PMB
92% 94% 84% 70% 95% R% = 3-Cl/4-Me, 79%/88%
Bl 18 PICB-Au/Pd £ AHE A7 A B 55 J A I AR BT 1Y) e B2
Scheme 18 Direct coupling of alcohols and amines catalyzed by PICB-Au/Pd
TA-Py-Au, KOH, toluene 2
17 + p2_ ’ ’ ~,,-R
R COH R*—=NH, air, 24 h, reflux RN
/ NS
N\ N\ _J°R3 /@/\N X o SN N ]
; cl
5 N'N TAG. cr
R® = H/3-Cl/4-Cl, R*= H/3-Cl/4-Cl/4-OMe, R . Z'COV 3'Co'/ 4'01/ 4'0':"6/ -, N/ “
82%185%/87% 94%/92%/81%/78% B3%/81%/8576/84%/76% 7\
cl —
Z
/@N'Ph TA-Py-Au(lll)
cl

88%

89%

B 19  TA-Py-Au(IID)#EAT AT AR AR B i 1) B B
Scheme 19 Direct coupling of alcohols and amines catalyzed by TA-Py-Au(Il)
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WSRO T — BT EEAA, KRS 1 ik
FIRIETE, A B T2 A7 R T 0 g e 4 Kok
MTEIRBRAR, B0y B B 2 i AL A0 2 SRR 3 AN
S H AT AL SRR 3,3- BRI % 0 SR &

1.7 RSEULTH

2014 4, Jiang VAL IEE FC R A3 R SR AL I
RIL, W-EEH K ENHO)E &Y EB 5 KL
e AFR BB 1) 4% S B RO I BE. 7E 0.1 mol% AL 7). 1.1 equiv.
BnMe;NOH (BTMAH). 4A 4 T A48 () 2 S AFAE
T, BEAERIRWE R R R L 12 h, DL 80%~
99% US43 2 H A7 =¥ (Scheme 20). Xf T FiEk 5%
Je R BRI, B AR =R TE 82%~98% 2 [H].
IS I O BOE A B OSSR A R 97% A 98%.
mﬁﬁcﬁzﬂa%%r“ FASGER, RBZEAFERA, PR

— Pl H A R R ) % i R AL B
(Scheme 2R,

Ag(l)-NHC cat. (0.1 mol%)

BTMAH (1.1 equiv.
OH *+ R2-NH, ATequv) iy -R
4A MS, dry air, toluene
12 h r.t.

S

A * AgBry

D

Ag(l)-NHC cat.

NS
SR 5 N N-Bn Ph” N
e -

87% ~98% 97% ~ 99%

R ?

82% ~ 99%
0 7 /_IR4 N R7
\N/R N W ) AS N~
\ R3 N I

80/82%

R” = Ph/Bn, 83/85% 91/90%

WN‘R7

83/85%

~ R7
P SR

94/96%

B3 20 Ag-NHC iAo 771 f A I g Jle A BB A2 BRI Je ) e 182
Scheme 20 Direct coupling of alcohols and amines catalyzed
by Ag-NHC catalyst

2014 4, Kegnas 25154 (Ag) 71 # 7E A tb 40
(ALOs) b il % 7 5 3 A 40 K br 11 16 771 (Ag/ALOs),
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N I F A B AN il & W RZ (OB, 76 5 witolFIfi
AR S AT, BEREYRAE T 100 Cr
M. 24 h, HFREREP=PIINCERLE 16%~81% (8. X1
i F AR R BE AN L (0 e B, R R R R
10%, BEARFIEFEMEN 99%, HF-MIERA 10%. X4
KHIE RNV, B AR AR, SRR,
ZMEA TR BRI, JERIE FYE B A TR,

/O—O'
(NHC), Ag
o, o—éH
T-S sm
(NHC),AgOBn Ph/\OH
(n=1o0r2)
(NHC),

Ph" 0 BH \0:<

OH Ph
‘0-OH ——
+1/20, <
NHC),AgOOH
(NHC)Ag PhCHO

B 21 Ag-NHC AL FIMEALET 5 e R A e e mT RE AR S
AL

Scheme 21 Possible mechanism of imine formation catalyzed
by Ag-NHC catalyst

2 BSERRSSES

2.1 LT

2013 4F, Hanson 2510 —FhasyH i & Jm Al AL 771
FH T {1 5 R0 i 4 Bk & 10 % (Scheme 22). S ic 1
R, RMET T REREAR SR, X T ki,
B B A 5 S S B AR S EYE, I H T — R RE
55 15 i Fee LA % g o -5 R i e v Je 24T 2 A R4, B
PR P2 IR AE 56%~99% 2 18], F T30 K4 2>
/DR REREOE . 2 VRS T 8 E A5t
JEET« BRANVER A AL T A I 7.

2013 4F, Xia SR B B 738 Heido i 4l s 1 30 e
B 2 TR A AL, e OB TR B
i FAL 5 A % 1 [ N (Scheme  23). fE e FEAME R
TR T 2% J¥g P o B A S 7 P R i R A # 0 89.8 mol%.
N S R N Y T S SO S VA S RSN
Wi, 2R FRIAE I 8 58 B R AT DR e 2 fL A M I A Fa e
(AL TS 1. A2 A R A ity M B AR LK JER A 7 12 )
W TR, JGi B T e R e A A S

2018 4F, Balaraman Z5UCHRGE T —FiAS S B C 12 (1)
Co(II)-NNN #-rFRE-&Y), FE5 AR A A T

http://sioc-journal.cn/ 891



BT SRSHRE
\ . , ) BArf,
ot v R Cat. (1 mol%), HIBAM4Js(ELO)p) (1 mol%) o~ R R1/\N/R2 ! ]
2 ° H |
Toluene, 120 °C Csz—Clo—PCyz
X B—/ CH,SiMe
Ph/\ N/\R3 \N <:>:N 2 3
R3 = alkyl, cyclo, alkyl 6 Co cat.
0, 0,
74% ~ 96% 70% 71% 56%
B 22 < A7)l P A J AR BB ) 5% I e ) e 2
Scheme 22 Direct coupling of alcohols and amines catalyzed by Co complex
Co-13X ~. R?
“SOH + R2—NH, RN
t-BuOK, 6 h, 160 °C
X cl N Ph N
PR N “ Q/ O/ ph/VNvPh AN Npp
NN
70.9% 91.3% 48.8% 74.5% 58.3%

BT 23 A i A 7 P A AFR 3G ) 5% S ) e 2

Scheme 23  Direct coupling of alcohols

AR I AR AE O G ) . 7 4 A 4y, S
mol% AL FIFT 110 mol%#il T FEARFAAE T, BEAIERR
WIFEIE ¥ 150 C N 32 h, AR A 72%~84%
(Scheme 24). X1+ Fh & B 1 FI FL 7 BUAR 2R 1 R
[ FNRREE, %07 VAR B DU S 345 B i 7= 4)). B
RAZ ISR ) R A K IR, (H 77 Ed 2 .

5 mol% Co(lll)-NNN, t-BuOK, n-Octane

FaN 27N
+ RZNH

OH 2 4AMS, 150 °C, 32 h

X

| P

NS
RI7SNTOR2 + HpO + Hy N—Co—
3} B’ Br %

Co(lll)- NNN

N NP
PN L pe SN e NP
= =

R3 = H/4-Me/4-F/3-Cl/2-CF,
84%180%/ 77%/79%/72%

73% R* = 4-Cl/4-CHs, 82%/75%

B 24 Co(I)-NNN BUPC &6 -5 i A Ik i 26 T2 fie
Scheme 24 Direct coupling of alcohols and amines catalyzed
by Co(II)-NNN complex

2.2 HEELF

2011 4, Pullarkat 2178 7 —Fh[Cp*Ir(s7-tpdt)]
BCE4, F44 A T A B R L ) 2% 7 % (Scheme 25).
1ZI7ELL 1 mol%BKAC & AT, 1 equiv. S A LA
N, BERIEAE 2R 110 C /R 45~68 h, HAR~4
% R S R I SR R R, IR TE 9%~
100%2 8. KT REE 4-H 5 IR 5 L DL S TR i
IR BE, ZAE AR R BE LA LT 58 &1 77 2 159 2 H AR
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and amines catalyzed by cobalt zeolite catalyst

W, TN T RS R R B, B AR IR RAR, R
B 9%, T ZLREI =) TR S5O R I S .
AR TR B 1 equiv.FIESEALH BIFR
T SR A PR, %7150 YD e BN 52 18 v AN
BT, AR, AR R RO TR R, A AL

BT,

|r\s

K/\J

[CP*Ir(7-tpdt)]

PR N X X
@Rfﬁ e N=Bn - o Sn—ph
=

86% ~ 100% 96% 9%

[Cp*Ir(73-tpdt)] (1 mol%)
KOH (1 equiv.)

Toluene, 45 h, 110 °C

“SOH + R2—NH,

_R? 2
R1’§N + R1/\H/R

B K25
S
Scheme 25 Direct coupling of alcohols and amines catalyzed
by [Cp*Ir(77-tpdt)] complex

2016 4F, Ozawa “5UII & 7 & 2 05 ALk ne B
PNP #JE B MG RL AR (PPEP*) I Ir liL & 4[IrPPhs(PPEP*)],
TR T T A AL B Joe B4 % 1) ) . (Scheme 26). 7E 1
mol%FKEL &AM EUH B T, WA SRR YIAE 7 28
[B1ALNE 24 b, 7R K7 2 AE 4%~93% 2 A, [F]I
S ARGy MR S R 4.

2.3 §TEEEMLT

2010 4, Milstein 25 LL35 40 1 PNP 4T 250 i
A T A it S 408 ) 4 S, 7 0.2 mol % AL FIAIE S,
HFAET, BEAEAEREP RGN 22~56 h, %

[Cp*Tr(s7-tpdt)] L £ 40 18 A4 12 15 i A8 BB A= 1 iz 11
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RNOH RN [(PPh)PPEPY] . R2
2
toluene, reflux, N, flow
4
N e X t H
~SN-Bn Ph”  N—CH,CH,Ph Ph™ SN=CgHys ph SN—Ph BiIN~ N
93% 83% 70% 65% KT P s
PPh,
“ Bu
NS NS
Ph/\NO CyHis”N-Bn N=Bn PhJ\\N—Bn .
. | [Ir(PPhs)(PPEP*)]
10% 4% 36%

93%

B 26 & 2751k PNP S BB IA BC A (PPEP*) ¥ Ir BC & W) (AL B 5 AR DR AR BROTE I 1) J 2

Scheme 26 Direct coupling of alcohols and amines catalyzed by Ir complexes

WCRAE 20%~92%2 [i](Scheme 27). FEERIEY) 5%
SR I SN RE A 77%~92% 7= A 2P i, SEAR )
IECEE. IFREE B IE T B 5 5 i sl AR B % e v B8 R DA
57%~86% I A5 2 /=), (HAk R rp =tk —

FR R AITS, F RS R B CE R 20%. SRk
U, T IEN R T R0 B e 1 S R A A 2
REAF; ST RRMEERIEY S RN, 274 —E &
(IR R AV BE S5 R P2 M T IR AR /D, ik
om, B TASRKZAVTFEREEFDAR, Hx
Jo7 3k R PO AN 2 9t A R R = AR R (HZ
AP DA [N SCRE X e R DRI, LI R SCRATH AR B
KPR e 23 1),

2011 4F, Ramon ZEP 5T BB AERE AT L4 T —
Tl B AL FI(Ru(OH)s-FesOy), F44 HH T4k i Xt 55
FMME R IEAT O M BRI . W) I e JE Ak S
B 455 MR RN S S, R BT BRI AN ], 4>
CAAS [R] Bk A5 45 21) S0 e 1 S0 e X058 A 30 JiR 1) ( — & e ) 77
.24 K S BN, 78 1.3 mol%EALFIAE <
TEAE T, BEAISS BAE 2R 130 C /B 24 h, LL 77%~

0.2 mol% PNP cat.
toluene, reflux, 22 ~ 56 h

RTOH + R2NH,

Jeaa sl S aanalicena Sy

77% R3 = H/4-OMe, 82%/89%

X R
o
MeO

R* = isoheptyl/Bn, 84%/90%

4
WN/RS

R® = n-hexyl/Bn/4-MeBn,
65%/57%/60%

MN/R7

R = isoheptyl/4-MeBn, 86%/58% 68%

AR e S

MNW MN/\/Ph

91% (15 % 75 5] H 45 I f 7= ) (Scheme  28). F| F 2.
PE, ZAEA T ENSER S AR RIS T AR BRIk

2012 4F, Madsen 250U 7 —Fhr 4 2238 K 5
it & ¥ [RuCly(I'Pr)(p-cymene) AL 7, K5 3 T E (L
A7 [H 0 i A e e AR I &6 e 7R 4A T
%+ 5 mol%E AL 7. 10 mol% DABCO ME/SAEE T, M
R AE R B e B 24 h, T RERIIE R
33%~80% (Scheme 29). 1, SBFRIEFIE 5 HE % =
MR R 33%, HENERIRY S BREE L R LE
48%~80% 1], FH DA 5 503 i e SR S e v
(80%), 77 A _FERAR LA B Ko ST Mo UAg 2 5 i fl) F A
B, RSO 1-SRIBE L R ISR 5 3
60%F1 70%; H2A4i(R)-1-283 L FI(R)-1-(1-Z55) 2
[ 5 S N FE AN R AR S s KA LI = 2K e S
Wl SN, BRI ARIE R T 75%, HIEHH
FRP=AEre, FEPEYERIE B B 9656 T B 2K R
B, EILRARCSEIR R I, VIGHIEE p-Ar i A R T
PRI AR, ML Ny —EAT . RN

X N

N "RZ + H, + H0

/\/Ph

88% 92% .

57%

O//vah

20%

= H/4-OMe, 79%/89%

PNP cat.

78%

B 27  SARET B S VAR S R AP A RO A ) S 8

Scheme 27 Direct coupling of alcohols and amines catalyzed by PNP-type ruthenium pincer complex
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Ru(OH)3-Fe304 (1.3 mol%) R2

1_ 277
R-NH, * R™ "OH =61 (130 moi%), toluene
130 °C, 24 h

x. _Ph
NS
PR ONTY Z

R3 = H/4-OMe/3-Cl, 89%/91%/77% R* = 4-OMe/4-Cl, 83%/79%

1/N§/

B 28 (Ru(OH)3-FesO.) A i A FER fill 26 2 fie 14y 5 2
Scheme 28 Direct coupling of alcohols and amines catalyzed
by Ru(OH)3—FegO4

5 mol% RuCl,(I'Pr)(p-cymene)
0,
oH + R, 10 mol% DABCO S
4 A MS, toluene, 110 °C, 24 h

R2

iPr

ﬂ{j
Cmp

RuCly(I'Pr)(p-cymene)

O DR

R? = H/4-Me/4-OMe/4-F/2-OMe/ 60% 70%
4-COOMe/2-OH/4-NO 5, 80%/77%!
63%/72%/69%/59%/33%/48%

G L NN
Ph N O PN Ph” N Ph

40% 63%
52%

I
NS
Ph” N Ph

40%

B 29 [RuCL(I'Pr)(p-cymene)] {4 EE 5 AR I AR 1l 0 11 (1)
SN

Scheme 29 Direct coupling of alcohols and amines catalyzed
by RuCly(I'Pr)(p-cymene)
AL PR I A PR A 7R A T i 2 A R 5 A 77 O T 5
Y, SRJE MR B I 5 5T HEAL IR B e & T i
JIEEIE, > Jr e AR A 70 i 25 1 B /K ZE RO . A T
PEAER R, B R A KAASR, HR SR .
TR ROEFL 1A B 2R 5 1 i A s B,
SETCIFAREI /M7 PH IR 28 5 I 2R 1 S B RRCR.

2012 4, Schomaker %51 LL PNN AL4T 2 &1 A AL
7, BT 5 AR A I P 2 P SRS M e SR JEE ) 43 e S 1k
il 8% o, f-AHLFINEJZ (1 777%. 7E 1 mol % AL AN R
BT, o P I A S e W AE R 28 (B S B 24 h, a0, B-
ARG P= R N 15%~83% (Scheme 30). 3- i F-
2- TR EEAN S T R G RN o, - A AT
PERRAE, B G IR R A R AR S R, R BRI
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LR s A T SRS TR ) 4 ) v HL A ) OUBREAE e
WRBPASPIRIR, HARR P OO AR RS2 T A
RRAEWRREER. TR R A S IR
WEHARER, TCRALMILERIA, BRI E
A, AR E R BN RGRN, itk Dw5izk
JERAII S SEERAE T ARG A 25

1 mol% Cat., N 2
Ry + R2-NH, R 2 RSN SR
toluene reflux, 24 h

/ ||_I/P(fBu)z
/ N—R’|u-CO
N

VAN

Et Et
Cat.

WN\/@

R* = H/4-OMe, 78%/63%

R4

~ _R3
)\/\/K/\N/

R® = Bn/CgH11, 72%/83%

WNO WN\Ph YVNTPh

77% 22% 74%
)\/\ANB” Ph” NBn PR "N \Bn
26% 49% 46%

NB —
) —NBn
70% n=1,15%; n=2, 38% 61%

B 30 AT A 7RI (AL I B Jre AR BB A BT e ) e 2
Scheme 30 Direct coupling of alcohols and amines catalyzed
by ruthenium complex

2013 4F, Gelman % PHRIE T & 2RI IR I i
S5 BREOUE BEAL T AT IC &), 2 aWE T A
e, B R M T TIG 32 A i S A I A DA B
JE T S AR I S AR IR A I IE ITEE. 72 2 mol % HEAL 77
A5 mol% DBU fE{ERIZRAF N, “REFEMESE R IAEXT
THIRFER S, P 25%~98% M 345 2 H AR
(Scheme 31). 1AM AL F%F T~ AL BH A B R Wil T Ui
HEUR, RA 25%, W T REEAH L LR G5 G R,
HARFYICRIR =, 13T 98%.

2014 4F, Bera S5PHGE T —Fhpi AL A XU BC A,
G M A FRVRIT T 17 e P T R0 i 1) 5 IV J ) 1 o
(Scheme 32). 7 1 mol% 4k, 5 mol% DABCO LA K
4A Gy TIRAFAE R S6AT T, BEANAE 2R b (Bl s B2 24
h, HARFDERZ IR AE 72%~96% 2 8], 1% J512)KA)
EHVEER T, MRS I R )
L, HARIEE IR S R, X T R I 2R )
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Cat. (2 mol%)

177, 27
RTOH + R® "NHz L lene, DBU (5 mol%)

Py — X
Ph™ "N 5 Ph" N
\ XR?’

98%

<
Ph” N

RTSN"R2 + H, + HxO

NS

98%

:_co
Ph,P—Ru——PPh,
25% |

OoC cI
Cat.
N Ph O - -
N oSN ! ph SNNF Ph™ N"Ph P ONT e
60% 70% 40% 98% 66%
B 31 BT RS P I AL 5 e TG S A Mt SR A P I ) S
Scheme 31 Direct coupling of alcohols and amines catalyzed by ruthenium complex
Cat., DABCO (5 mol%) . R?
N R1 NN
R TOH +  RP—NH, Toluene, 110 °C, 4AMS, 24 h
s S \N_R4 ANTY X A
R Ph N-Bn Ph” " N-CgHys RS N-Bn

R*= Ph/Bn/cyclohexane/
CgH1p, 71-96%

86% 82%

%
RS N_CGH13

R®= C7H45/CsHy4,
88%/83%

80%

NS
\/o\/\N_Bn

Rs = C7H15/05H11,
88%/83%

O
UNTN-CeHyg
72%

NO,

BRI 32 L0 AT IO A (R A 1975 e AR T A BRI i P S 7

Scheme 32 Direct coupling of alcohols and amines catalyzed by double ruthenium complex

AR PREL, B s, HLEmt
R, ERMET T — AR s, bG5S %
T RO RS, (B R A AGTR RAG R 21 R
A BT A R R

[@4F, Guan 2504 Saito 14T & [ Ru-Macho
A TR T A A S R D ) e A R vl T )
TRAEAT, FFREZ P A0 7 R A e fre i 2 1) % P i
[ SR, LT FLEBRAETE N FeAb v B A v
1) Ru-Macho MEALTRI, 4JAEE g Bt WA Rk 130
JE =), AN T A T A fe o ) % T e LA
H E )7 X (Scheme 33).

2017 4, Mashima %5 P93 RuCly(dppea), 5
Zn(OCOCF;), F#lT AR E AR R, B T H
A4 A T R ot 18 K 71 % I i 1) 14 8 (Scheme 34). LA
0.5 mol%%TEL A4« 1 mol% Zn(OCOCEF;), £1 20 mol%(¥]
BT AR A AL, BEAN LR IRAE — SN Bl
;18 h, HARWRZHICRTE 25%~83% 2 [8]. X T
KIRY 5 IE ORI, WERTE 43%~95% 1], i ik
O 5 AR RS ISR N 76%, 1568 75 38 R BUAR L (1)
IR BT MR, BeAh, AR AT 451
A5 e #5319 38 57 i & 70 ([Ru(OCOCF;), {(S)-dppmp}2]),
AT FH T A B AN B AR I 2 e i 1) S B, X — R
X T R A A i ot 28 P e [ LA 1 B A 2
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PPh, PPh,
H Base G
H-N¥-CO  ~—= N——CO
Cl HCI
PPh, &Pth
pre-catalyst Ru-Macho

R1/\OH . RZ—NHZ 1 mol% Ru-Macho, 15 mol% KOH R1/§N/R2
Toluene, 12 h, nitrogen flow

0w
N PR N7 Ph

51%

Ph\N
\/”\/
0,
85% 40%
Ph.
N

PhJ\

80% 40%

B 33 Ru-Macho i85 F B IR A RO ) S
Scheme 33 Direct coupling of alcohols and amines catalyzed
by Ru-Macho

2018 45, Li 5PIF R T RS RefL R = mLi, Rk
HA Ru(CON)CL, 4 fiEAb 4 2 HI T AL B e 2k AL i (1
SR RBEZMEAC A ZR T, TS W) 48 0 A % 1) R
W, HECAR R SR s ML N R 36T 7 4 (I Jie M) ) L
RS E=S-A
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Zn(OCOCF3), (1 mol%)
RuCl,(dppea), (0.5 mol%)

2
+BUOK(20 mol%) RIN-R

R1/\OH + RZ—NHz
1,4-dioxane, reflux,18 h

XN _"Hex

X - X Hex
N TN PPh

Z dppea =H,N" "' 2

RuCl,(dppea),

43% ~ 95% 76%

n n
(DAN/Hex \N Hex @/%N/ Hex
NS

N :

73% 91% 72%

BR 34 £7E S PIRu(OCOCE;), {(S)-dppeal ] i 1415 5 i 1
T A= b P Jiz 11 52 82

Scheme 34 Direct coupling of alcohols and amines catalyzed
by [Ru(OCOCF;),{(S)-dppea},]

24 FHAELF

2011 4F, Shiraishi 255806 Pt 44K Bk 71 56 — 44k
ER(TIO,) L% T —F Pt@TiO, AL, HFFT T HAE
LANCEAE T AR 5 B AR B 2% R 1 . 7R 48
AN (A>300 nm) FIR S E T, S EMEM 50
pmol ZTE 5 mg HEALFINEH T =R B, WAL
74%~97% (Scheme 35). “FlE5 HF KGN, W
IR AN 2-Me>3-Me>4-Me; ¥ CUBE 5 2K B S B (R
RN 84%. ZMAEEIRIAT, BREIMNEAM TR
hnssl, TEHE B k. % AR T AR R R AL T
FAST R, (BRI gk, ([ — PR

Pt@TiO,) catalyst R?
RI7NOH + R2-NH, (P@TIO,) cataly RSN
hv (4> 300 nm), nitrogen, 298 K
X, Ph \N/Ph
/\N/ MN/Ph
80% 86% 84%
e
Ph SN

R® = 2-Me/3-Me/4-Me/4-OMe/4-Cl,
97%1/91%186%/83%/74%

B 35 P@TIO, MEANEE5 HEAB IR B L 1) 52
Scheme 35 Direct coupling of alcohols and amines catalyzed
by Pt@TiO,

2.5 SEIEHEMLT

2012 4, Ramén %5 M4 S0 A IR AEE AR
il %% 1 — M CuO-Fe;O4 AL, FFHIETT 1 HAEMEEAN G5
Jie 8 ) P 4 T AR R % T R PE R 7E 1.3 mol %
EFIAN 140 mol%ZH EMANAAAE T, “REEAIDT KR
FEHZEA 100 “CIE 4 d, SERZ= PRI 0%~99%
(Scheme 36). KB R 5 57 M) 1 S YL 5
HELR(62%~99%), 3-FANE 5 I S RLCR B A

896 http://sioc-journal.cn/
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A 30%, PRI 2,5-— FF SR NS e S i A
R 41%; SNBSS R Z N 24T L B =4
DR N 7 N Wy S A 3: Vg a1 43 T @z [ A
>N, MEARIE N R G A . 24 05 B A 5
e _E BRI ES A CLES, SERZ IR 98%. 1Z1#1k
FIREAN H 2 4%, R BRI RIS 5, (B ik
SN FIT e (B TR K L OB A R B A RN 3o 1O

CuO-Fe;0, (1.3 mol%)

= R?
NaOH (140 mol%), toluene

R'7OH *+ R-NH,

100 °C, 4 d
Z N o3 ~ _Ph
PN /@R R4—|\ N~
Ph” "N T

R* = 4-Cl/4-Me/4-OMe/3-Me/3-
OMe/3,5-Me,/3,5-(OMe),, 80%/
69%/97 %/99%/62%/74%I/93%

WOR
Ro N cl
2

RS = "Bu/'BuCH,/Me(CHy),4, R® = 4-Cl/4-OMe/3,5-Me,/3,5-(OMe),,
75%/45%/77% 98%/30%/86%/89%

X i Ph
P NN PhAN/\)\ IPrwN/

75% 45% 0%

R3 = H/3-Cl/4-OMe/2,5-Me,,
98%/71%/73%/41%

N R
Ph N7

B 36  CuO-FesO, i LT 5 [ A6 A2 RIE I ) S 82
Scheme 36 Direct coupling of alcohols and amines catalyzed
by CUO-FC304

2.6 $EAELT

2012 4E, Wang ZEONLRRE AN ORI B, B
517 Pd/DNA. Auw/DNA. Pt/DNA. Ag/DNA. Pd/PVP.
Pd/starch. Pd/Arabic gum. Pd/diatomite. PA/MMT. Pd/C.
PACl, SEMEALFIMEAL T BB Ak OB, R AR R 2% 1
N PA/DNA I ROR BT, Z 0712 UA 1.5 equiv. A5 4L
0. PA/DNA (2.9 mol%4E) NIELT, K AEFITE
50 TR, Lh 996%™ %45 2 H b5 ) I iz (Scheme
37). SR R R LR B 2 R A vh O PR AR ) SR AN
P BT WCRF BRG], RPN 2- BRI R BB 1-28
SHLEE I E RN/ AL & S oL A S ) E A
FOnm e IR, G, SRR, PRI I
R RN B 2 ) SR R R X >
(B AL > 2B A7, H10 FINLERT 78 (Scheme 38)F B, %%
N BB, BESCTEHEATAE FE R AR i, B S
2 AR i B S A PTG S T DR AR A
g . ZTTIE DK R, SRAFBURAN, RA)E A
BT, AR TS S 5 ELREDE I, i Ab g e
— AN R TR A I B A A
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Pd/DNA, LiOHH,0

R"SOH + R2—NH,

1/%N/R2

H,0, N, balloon, 50 °C

Z “Ph

/|
N\
S Ve

94%

R3

61% 17%

23% ~ 98%

R3=H, R* = Ph, 96%

R3=H, R* = 4-MeOCgH,4, 93%
R3=H, R* = 4-CF3CgH,, 72%
R3 = H, R* = n-butyl, 89%
R3=H, R* = 3-MeCgH,, 93%
R3=H, R* = 2-MeCgH,, 69%
R3=H, R* = 4-FCgHy, 95%

R3 =H, R* = 4-MeCgH,,90%
R® =H, R* = 4-n-Bu, 90%

R3 = H, R* = 1-Naphthyl

R3 = H, R* = t-butyl, 95%

R3 = H, R* = 4-MeOCgHy4, 98%

R®=H,R*=Bn, 51%

R3 = H, R* = cyclohexyll, 81%
R3=4-F, R*=Ph, 81%
R%=3-F, R* = Ph, 80%

R3 = 4-MeO, R* = Ph, 93%
R® = 4-Me,N, R* = Ph, 88%
R3 = 2-MeO, R* = Ph, 26%
R® = 3-MeO, R* = Ph, 76%
R3 = 4-Me, R* = Ph, 84%
R3 = 4-CF;, R* = Ph, 23%
R = 3-Me, R* = Ph, 73%

3 -9 4 — o,
R = H, R* = PhCH,CHy, 91% R =2-Me, R" = Ph, 38%

R3 =H, R4 = H-C12H25, 69%

B 37 PA/DNA A EE A A B A S I
Scheme 37 Direct coupling of alcohols and amines catalyzed
by Pd/DNA

Ph” 3 OH
)"\ /P
ph o~ P
Ph(0) b
\J .
Pd
H/ \H
F>h—N02#2 P 0
Pd(0) *

B 38 HAKRL T (PA/DNA) A I AL B FRIE 2 () S5 REAL
ikt

Scheme 38 Proposed mechanism for the catalytic oxidative
synthesis of imines catalyzed by PA/DNA

2.7 SRFEEWLFT

2014 4, Yang F1 Xu 0 — ELAK(TIO,) ik /E
HHUEE EH4 T 4% LEK TiO,@PMHSIPN {167, IF
o FC T A B L 2 288 RS A L e ot A Tk o % I fi
HI . FETCHEF 2 mol%E LT, 20 mol%hREREH AN
AT, FREEADS FERIRMAE 160 C/RBL 12 h,
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WHEHIE AN 59%~99% (Scheme 39). Xf T FEE 5K
RS IR N, T 1 7 F % A WY F - BRAE LT AR
K, R LA S WS AS B H AR TG, KT 4-FE RO i
HREERIRDIRNL, B 2,6- & RS 4-F IR
R EARINE9%), A HE DAL ST 17 2 15 21 H A5 =4,
10 EL 57 8 AR B X W e J P38 e )., 1244
AT CLIAR 558 A5 P A ATUAEE A LT 7 Ml T FH 4K T IR
R IR, G T I A E A %R AR RN TR
i AL e g, BREEOCKEES, H
2R N B K e HLR N A B b T B 1 S
TiO,@PMHSIPN (2 mol% Ti)

K>CO3 (20 mol%)
solvent-free, 160 °C, 12 h

/_'R3
P P
Ph N

R3 = H/2-Me/3-Me/4-Me/2-OMe/3-Br/4-Br/4-NO,/2-Cl/
3-Cl/4-Cl/2-OEt/4-OEt/2,4-(OMe),, 94%/99%/99%99%/
99%/99%/99%/88%/99%/92%/92%/99%/99%/94%

=X, -R?

R'OH + R2—NH, N

R* = 2-Br/4-Br/2-F/2-Me/4-Me/4-Cl/2-OMe/3-OMe/4-
OMe/2,4-Cl,/2,6-Cly, 96%/93%/99%/99%/99%/84 %/
99%/99%/98%/99%/59%

B39 TiO,@PMHSIPN {478 A0 B S5 R e A I i (1)
SR

Scheme 39 Coupling reaction of alcohol and amine to produce
imines catalyzed by TiO,@PMHSIPN

2.8 BT

2015 4, Voutchkova-Kostal 225} 58 /K 18 43 (HT)3E
ML I, K Fe:Mg:Al HT (HT4)RefEALEEE
WG ) Bt SIS B DA, % T R ) S etk S B, 12 A R 2R
AL 4-FE SRR 4-H S8 L 2RI I M IR IA B T
97% (Scheme 40). KW W FL LI, X T FEEIRIKY
595 R IR N, WERTE 15%~97% 2 18], TiHRE
i, IEERES 4-F AR & 4 T A RERBL. AE
HRE AWK R B, BINE RN RKE, 1%
A TR T ARG 3 VG A PR L AR ISR AN .

2016 4, Balaraman 251" % | Fe-Phen@C A5,
Hetg 1z AR AR A0 R T AL R S e I T 2R A
BRI AE O IZ N, 75 8 mol% 4k, 10 mol%
t-BuOK FUESAFAE N, BEMBEAEE¥RiH 120 C M
24 h, HFFWRAFIE R 1F(Scheme 41). X R 7t K&
B, SRR S AN R R EE ) R e R B, 4K 3,4
PR AR, WREIBCREIRAA 51%. XK

http://sioc-journal.cn/ 897
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HT4, xylene 1 _R?
R NOH + RZ—NH, ——————> R N

oL O'a, o,

32% 0% 0%

B 40 7KTE A7 (HT4) S ARSI A A B R P I Jie Al S 7
Scheme 40 Direct coupling of alcohols and amines catalyzed by hydroimide (HT4)

Fe-Phen@C (8 mol%), n-octane

2
1’% ~R
R?-NH, -BuOK (10 mol%), Ar, 120 °C

RTOH 4

R3 15% ~ 97%

24 h, 110 °C /©/OM6

o S o S @ﬂ ON@

R3 = 3-Me/3-F/3-Cl/3-Br/2-F/
4-F/3-OMe/3-CF3/3-NO,,
93%/86%/83%/89%/58%/

0, 0, 0,
75%/55%/95%/92% 91%/60%/67%

= H/4-F/4-1/4-Me/4-OMe/4-
R=34- -(OMe),/2,3-Me,/ RS= cyclopentyl/cyclohexyl, N02/3 -Me/3-OMe/2-NH,,
2-Me, OMe, 51%/81%/70%  73%/74% 72%186%/78%151%/62%/80%/

Cﬁf“% @f‘ e

81% 91% 76% 46%
Q. Sl ST
e oM, o
45% 75% 62% 40%
BIX 41 Fe-Phen@C f o B A e ] £ M 1) S 2
Scheme 41 Direct coupling of alcohols and amines catalyzed by Fe-Phen@C
e AR R BB IR B, AR > . 1 Mnoat Bmo%) R
B >GR4T X SRS RO DL O 3- RTOH ™ RN onzene, 60, 135 °C N
L R ) S S J LA ORI DR B IR A9 3 B bR [
P 2R RSO 5y AT DA IAE P Nk, AT BLBCR N7 /L
50 9 UA_EROMUBE. ML TT R B R AU y "gCM”C;P
K, WIHEERATTR, et R RIS, HE— Mn cat.

AN SN R R NN SR B T BEA.

29 SEAMULH RQ:_(DA\NO R@”\ N©R4

2016 4, Milstein Z£%41 % 7 Mn-PNP XA il &4
AT, T VOB L T (A T 5 e it S A B 1) 45 I e £

75% ~ 99%

55% ~ 99%

\N/\/Ph \N/\Mj
R B(Scheme 42). ZJ7iELRRER, BARE MY g J@/\
FRIQELLA 10 1 BRI 135 CRY 60 h, B 96% MO o
42%~99% HICZAE i B bR =0 . LT BB A fRE Ak AL SN
R4 Scheme 43 F7s. o /©/\ SN
[F4F, Kirchner 25473 T MnI-PNP XUk Bt &4 57% 42%

LRSS RI & B S BLFR AR B 42 XA A DAL Mn-PNP A6 BRI ) 46 T2 1 1

THEMZRAER, BAERME RPN FRUERK gy

R4 7K, BL 3 mol% Mnl-PNP AL, KRR Al Scheme 42 Direct coupling of alcohols and amines catalyzed

SRR 140 C R 16 h, FHEEHF M=% by Mo-PNP
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B 43 XA A A7) Mn-PNP 8 { B R e i 46 0 1
SR NALE

Scheme 43 Proposed mechanism of preparation of imines from
alcohols and amines catalyzed by Mn-PNP complex

60%~92%. EENIET BN, WHZEWERERE 17%,
AR R ATREANE S KEEEE R, ZRMNARRT
wAMNFSY, FrRHMEERN 215, M0 5 H &
HEA GO ORAERE 2, AR TR 0 [ SOR A A F A
5.

1 mol% Cat., 1.5 mol% t-BuONa

2018 4, Kempe 251N PNSP B4R 40 7 F T4k
PRI J (AR BB S N, o 2 Ml R B, R e ) AR B = )
HAUHL T SN AR 2 A . 245K B RCT B AR N B
BRI F= R R R BCT BB, 45 21 W0
(Scheme 44). X T FEERIEYE K IL I B, TEHEAT]
AT BEANTER T, TERZIIUCRTE 75%~91%2 18], £
B (Y I A T T S e = A A i S B 2R O ik
RN, T RE FINCRAE 52%~93% 2 8], 4-2KFE T
Ji& 5B S S SR ROl 55%. %5 34k 70 A b HL
3T P TR 5 55 1 05 G SR IR A S R SROSE. R AE R R
&g, BT BB ESRERMEEXE .

210 SRR

2011 4E, Honczek 25745 T —Fhif S i (POP) 2
RGN, FETC T HAE BTG 5% A i S ) 4% W0 i Je 1o
FHR AT, 7E 0.2 mol% K fEALFIAT 10 mol% 1) &5
WHAAAEAE TS, BEAIERIRYITE 150 °C [ H 2Ky
JE SN 3~24 h, WCRTAE 30%~98% [H]. X T FEEMIZE
FE RSP, WCRTE 87%~98% [H](Scheme 45).
X T8 0K R s T R D7 i BROER O I IROE, W AE
80%~94% 2 []; ¥ O35 F I 55 1F B S B (R U AN Ry
37%, P OEES IEBEZIWCERTE 30%. AT N
BERE, B ERERGHE, HaREAR.
T 1E 0 — R R 7 e, BT U £ 4
AR R R WA 515 . 28T, & JEekedE
WA Ay AR 9 I T I B AR L T A I e 1 B o
L B, AL AN Scheme 46 FT7R.

Ph

N/gN
A

2_
OH * R™NHz 5 \eTHF, 110°C, 6 h, open system

« R HN™ N NH
RTSNT P—Mn—P
ﬂoc/é CO)\

Cat.

N<
Z"“Ph
x. _Ph
R3#\ N S N 2 S N%/Ph
S Q/\N/Ph o~ Ui \
Ph N

R® = H/4-Cl/4-Br/4-'Bu/4-OMe/3-Me/2-Me,  78%
84%/90%/75%1/86%/80%/ 87%/88%

N

90% 79% 55%

o~~~ N Ph

R* = 4-Cl/4-Br/4-1/4-Et/2-tert-Butyl/ 91%
2-Phenyl/3,5-Dimethyl, 64%/73%/
62%/83%/77%/66%/93%

o o

58% 52%

o

B 44 Mn (EAGTRIME PG RTS5 I A I A2 RRIE I ) B ) J 82

Scheme 44 Direct coupling of alcohols and amines catalyzed by Mn complex
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SR SHR

3
&

Ar, OgHs(acac)(P'Prs), R ) z
1_ + R2_ 'S _R
R'~OH R™—NH, toluene, KOH (0.1 mmol),150 °C N Q O
% OgHs(acac)(P'Pr3),
;R3 . AN
! Ph”  N""Ph N /O Ph"” “N-C;H,
PR N Ph N 7S
R3 = H/2-Me/4-Me, 70% 82% 61%
98%/87%/92%
x~ _RS
_ 4 ~ /R4 N
Sue CaHg™ CaH N Oﬁ
TS # = C7Hys/cyclohexyl, 94%/94%
30% 80%/82% RS = C,H4s/cyclohexyl/4-MePh,

37%/65%/55%

B 45  O.Hs(acac)(P'Prs), fil B 5 A IR BT HE 1) £ R JSOSE
Scheme 45 Direct coupling of alcohols and amines catalyzed by O;Hs(acac)(P'Pr3),

{dbf(P’Prz)z}OsH4

HOCHZR

RCHzOH {dbf P PI’Z Z}OSH3 OCHzR

{dbf PIPI'Z 2}OSH2

R'NH, \f\
2

j_e)k
{dbf P/Prz Z}OSHA o= C )

{dbf P’Pr2 z}OSH(OCHzR
B (16 )

(18 ¢€)
H
N 1 2
R/\N/R l
M F'{/ :
{dbf(P'Pr,),} Os 0 _ {dbf(PPry),} O8
NP “co
D(16¢e) |
R

BIR 46 =24 OHs(acac)(PPry), fEALIERL ) A SRR SEALIE
Scheme 46 Proposed mechanism for the synthesis of imines catalyzed by OHs(acac)(P'Pr3),

2.1 ESELF

2018 4, Madsen 25" F 5 7 —FhJE TR F R 5
dppe F& JEMHA IR, IR T b B2
L5 i ot AR IR AE O JZ () ROBE. 7E 10 mol% Mo(Co)s-
20 mol%[1 1,3-RIF LKL AL 5 . 10 mol% dppe- 20
mol% B T FEH > FIiAA4E T, BEFIIRAE 1,3,5- =K
RIS 60 h, HARIERE = PIICRTE 15%~89%2
[1](Scheme 47). TS EES AN AN IR i I S5 3K it
MU IR TE 32%~89%Z [A], J5¥RM) 4 A b &k
TFHAREERS, WL =R i s, 4- 3R I 53 O
(RN, TR 3 R AR 58 4 10 T A 45 L W S ANy
58%. Xof Tl i U] E T R Al RSP i J 2 D e B ) B
W, WREF= RN 37%. 1-8% 2-Z83E L5 38 Ul bE
AR 53 N T5%H1 80%. AN A HIE 2R 5 2K H i .

900 http://sioc-journal.cn/
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IR, S G R B S SRR IR, PR AU 15%
AL B -4 W 35 1 5 % 2 s B 1) I g WAL R A
52%. ZMEAL T IR AIE F T 2R R AR R R S I
MR, =353 R T3%F0 70%. %77 AL 7 AE % B
e, JEYIE R ER . AR R BAR R NI £ R
PRGSO AR R A A AR, B
FrOIPE.

3 LRiF

MBI B TR R, <6 (A7) e e I8k
FLfE, BEATTLL NS — JOR A S B A AE
T, EFEAACRE NN, BEJE RS s N R i, H
il . S REBRIBIBONAN, & maEmer

Chin. J. Org. Chem. 2019, 39, 883~902



Chinese Journal of Organic Chemistry

REVIEW

10 mol% Mo(CO)g, 20 mol% ligand,

R'"OH + R2-NH,

10 mol% dppe, 20 mol% t-BuOI'%/%N/Rz

4A MS, mesitylene, 164 °C, 60 h
OO
o

75%

9o
RN
O

R3 = H/4-Me/4-OMe/4-MeS/4-Ph/NO,/
4-F/4-Cl/4-Br/4-1/2-Me/2-OH, 89%/80%/
87%/70%/62%/58%/79%/65%/68%/37 %/
70%/32%

\ -
Ph” N""Ph

65%

NS
Ph

45%

Ph z
N” Ph R N

R*= H/CI, 88%/15% RS = H/OMe, 73%/70%

1 {0

65% 54%

B3 47  Mo(Co)e A ET 15 [ AR 1A BIEJ 1A 45 1 FF) S
Scheme 47 Direct coupling of alcohols and amines catalyzed by Mo(Co)s and NHC-ligand

AL I AL ABIER U LA AR 21 5 . A oh—3K
FEE PRI A2 it AR IR A O, AH B AL S A AR T
%, RRTFEEMEOIMR, RSt RET W FUERA
Ah, Feungk. fA. . 48 BK. R BH. B8R BE. AR
S5 AL R R A IR B S AR AR FR T, BROR AR AR AR
# EHEEIT IR T, HRAAHEERIIOHEH. &
JR AT A PO EAL & B S it T 8 iig s, B
C2RG TEEIRE, HRIRAAENL. HEILREIE
AT, BTN ERXMOLKE, HZEX
HAL T I B, KHR I AL A R 5 R 15 22 22 Ah s
Y HLHC e 3 P S B AS T e A I fe ot S 16 7 T
BRISAHET AL FISL, e SRER T A B E R
FEAL THIIRT B, AR A R AR 2 R, &
N7 J5E e IR TR, AR AT [ A PR Y, T i FH Y TR A PR
PR AN R B 5 A RO ORI R A 2. B
SEIT A R AR, AT e/ Btk e fiE AL 14 & o
I I, FE3R AL RS PEATE R I [, 3 32 2%
JEMEACTI A [l S A 3h LB 23 R A s AL R R T
K.

References

[1] Marques, C. S.; Burke, A. J. ChemInform 2011, 3, 635.

[2] Bayrak, H.; Demirbas, A.; Karaoglu, S. A.; Demirbas, N. Eur. J.
Med. Chem. 2009, 44, 1057.

[3] Gawronski, J.; Wascinska, N.; Gajewy, J. Chem. Rev. 2008, 108,
5227.

[4] Kobayashi, S.; Mori, Y.; Fossey, J. S.; Salter, M. M. Chem. Rev.
2011, /11,2626.

[5] And, S. K.; Ishitani, H. Chem. Rev. 1999, 99, 1069.

[6] Nielsen, M.; Worgull, D.; Zweifel, T.; Gschwend, B.; Bertelsen, S.;
Jorgensen, K. A. Chem. Commun. 2011, 47, 632.

[7] Marques, C. S.; Burke, A. J. ChemCatChem 2011, 3, 635.

[8] Uematsu, N.; Fujii, A.; Hashiguchi, S.; Ikariya, T.; Noyori, R. J.
Am. Chem. Soc. 1996, 118, 4916.

[9] Thalji, R. K.; Ahrendt, K. A.; Bergman, R. G;; Ellman, J. A.
ChemlInform 2010, 33, 9692.

Chin. J. Org. Chem. 2019, 39, 883~902

[10]
[11]

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]
[31]

[32]
[33]
[34]
[35]

[36]
[37]

© 2019 Chinese Chemical Society & SIOC, CAS

Nieto, S.; Dragna, J. M.; Anslyn, E. V. Chem.-Eur. J. 2010, 16, 227.
Dhakshinamoorthy, A.; Alvaro, M.; Garcia, H. ChemCatChem
2010, 2, 1438.

Nakajima, R.; Ogino, T.; Yokoshima, S.; Fukuyama, T. J. Am.
Chem. Soc. 2010, 132, 1236.

Hadjipavlou-Litina, D. J.; Geronikaki, A. A. Drug Des. Discovery
1998, 75, 199.

Akhmetova, V. R.; Khabibullina, G. R.; Rakhimova, E. B. Mol. Di-
versity 2010, 14, 463.

Nielsen, M.; Worgull, D.; Zweifel, T.; Gschwend, B.; Bertelsen,
Jorgensen, K. A. Chem. Commun. 2011, 47, 632.

Kobayashi, S.; Mori, Y.; Fossey, J. S.; Salter, M. M. Chem. Rev.
2011, /11, 2626.

Xie, J. H.; Zhu, S. F.; Zhou, Q. L. Chem. Rev. 2011, 111, 1713.
Marques, C. S.; Burke, A. J. ChemCatChem. 2011, 3, 635.

Nieto, S.; Dragna, J. M.; Anslyn, E. V. Chem.-Eur. J. 2010, 16, 227.
Dhakshinamoorthy, A.; Alvaro, M. ChemCatChem 2010, 2, 1438.
Aschwanden, L.; Mallat, T.; Maciejewski, M.; Krumeich, F,;
Baiker, A. ChemCatChem 2010, 2, 666.

Min, S. K.; Kim, S.; Park, S.; Park, S.; Bosco, W.; Chidrala, R. K_;
Park, J. J. Org. Chem. 2009, 74, 2877.

Jiang, L.; Jin, L. L.; Tian, H. W.; Yuan, X. Q.; Yu, X. C.; Xu, Q.
Chem. Commun. 2011, 47, 10833.

Chen, G. J.; Ma, H. C.; Xin, W. L.; Li, X. B.; Jin, F. Z.; Wang, J. S.;
Liu, M. Y.; Dong, Y. B. Inorg. Chem. 2017, 56, 654.

Tian, H. W.; Yu, X. C.; Li, Q.; Wang, J. X.; Xu, Q. Adv. Synth.
Catal. 2012, 354,2671.

Kang, Q.; Zhang, Y. G. Green Chem. 2012, 43, 1016.

Bai, L.; Dang, Z. RSC Adv. 2015, 5, 10341.

Darapanani, C. M.; Arghya, S.; Galia, M. J. Catal. 2017, 355, 139.
Wei, Y. G; Yu, H.; Zhai, Y. Y.; Dai, G. Y.; Ru, S.; Han, S. Chem.-
Eur. J. 2017, 23, 13883.

And, L. B.; Taylor R, J. K. Org. Lett. 2001, 4, 1637.

Sithambaram, S.; Kumar, R.; Son, Y. C.; Steven, L. J. Catal. 2008,
253,269.

Mondal, J.; Borah, P.; Sreejith, S.; Nguyen, K. T.; Han, X. G.; Ma,
X.; Zhao, Y. L. ChemCatChem 2014, 6, 3518.

Chen, B.; Li, J.; Dai, W.; Wang, L. Y.; Gao, S. Green Chem. 2014,
16, 3328.

Zhang, E, L.; Tian, H. W.; Xu, S. D.; Yu, X. C.; Xu, Q. Org. Lett.
2013, 15,2704.

Geng, L. L.; Song, J. L.; Zheng, B.; Wu, S. J.; Zhang, W. X_; Jia, M.
J.; Liu, G. Chin. J. Catal. 2016, 37, 1451.

Sindhuja, E.; Ramesh, R. Tetrahedron Lett. 2014, 55, 5504.

Sun, H.; Su, F. Z.; Ni, J.; Cao, Y.; He, H. Y.; Fan, K. N. Angew.
Chem., Int. Ed. 2009, 48, 4390.

901

http://sioc-journal.cn/



BIHE

[38]

902

Kegnes, S.; Mielby, J.; Mentzel, U. V.; Christensen, C. H.; Riis-
ager, A. Green Chem. 2010, 12, 1437.

Liu, P;; Li, C.; Hensen, E. J. Chem.-Eur. J. 2012, 18, 12122.

Soulé, J. F.; Miyamura, H.; Kobayashi, S. Chem. Commun. 2013,
49, 355.

Huang, R.; Yang, Y.; Wang, D. S.; Zhang, L.; Wang, D. W. Org.
Chem. Front. 2017, 5, 203.

Han, L.; Xing, P.; Jiang, B. Org. Lett. 2014, 16, 3428.

Mielby, J.; Poreddy, R.; Engelbrekt, C.; Kegnes, S. Chin. J. Catal.
2014, 35, 670.

Zhang, G. Q.; Hanson, S. K. Org. Lett. 2013, 15, 650.

Sun, Y. W.; Lu, X. H.; Wei, X. L.; Zhou, D.; Xia, Q. H. Catal.
Commun. 2014, 43, 213.

Midya, S. P.; Pitchaimani, J.; Landge, V. G; Madhu, V.; Ekam-
baram, B. Catal. Sci. Technol. 2018, 8, 3469.

Xu, C.; Lai, Goh, L. Y.; Pullarkat, S. A. Organometallics. 2011, 30,
6499.

Chang, Y. H.; Tanigawa, 1.; Takeuchi, K.; Taguchi, H.; Ozawa, F.
Eur. J. Inorg. Chem. 2016, 5, 754.

Gnanaprakasam, B.; Zhang, J.; Milstein, D. Angew. Chem., Int. Ed.
2010, 49, 1468.

Cano, R.; Ramon, D. J.; Yus, M. J. Org. Chem. 2011, 76, 5547.
Maggi, A.; Madsen, R. Organometallics 2012, 31, 451.

Jared, W. R.; Sara, A. M.; Simon, D. P.; Jennifer, M. S. Org. Bio-
mol. Chem. 2012, 10, 1746.

Musa, S.; Fronton, S.; Vaccaro, L.; Gelman, D. Organometallics
2013, 32, 3069.

Saha, B.; Daw, P.; Sengupta, G.; Rahaman, S. M.; Bera, J. K.
Chem.-Eur. J. 2014, 20, 6542.

http://sioc-journal.cn/

[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]

[64]

[65]

[66]
[67]

[68]

© 2019 Chinese Chemical Society & SIOC, CAS

Oldenhuis, N. J.; Dong, V. M.; Guan. Z. B. Tetrahedron 2014, 70,
4213.

Higuchi, T.; Tagawa, R.; limuro, A.; Akiyama, S.; Nagae, H.;
Mashima, K. Chem.-Eur. J. 2017, 23, 12795.

Yu, X. J; Li, Y. Q.; Fu, H. Y.; Zheng, X. L.; Chen, H.; Li, R. X.
Appl. Organomet. Chem. 2018, 32, 4277.

Shiraishi, Y.; Ikeda, M.; Tsukamoto, D.; Tanaka, S.; Hirai, T. Chem.
Commun. 2011, 47, 4811.

Pérez, J. M.; Cano, R.; Yus, M.; Ramén, D. J. Eur. J. Org. Chem.
2012, 24, 4548.

Tang, L.; Sun, H. Y.; Li, Y. F.; Zha, Z. G.; Wang, Z. Y. Green Chem.
2012, /4, 3423.

Wang, H.; Zhang, J.; Cui, Y. M.; Yang, K. F.; Zheng, Z. J.; Xu, L.
W. RSC. Adv. 2014, 4, 34681.

Bain, J.; Cho, P.; Voutchkova-Kostal, A. Green Chem. 2015, 17,
2271.

Jaiswal, G.; Landge, V. G.; Jagadeesan, D.; Balaraman, E. Green
Chem. 2016, 47, 3232.

Mukherjee, A.; Nerush, A.; Leitus, G.; Shimon L, J. W.; David, Y.
B.; Jalapa N, A. E.; Milstein, D. J. Am. Chem. Soc. 2016, 138,
4298.

Mastalir, M.; Glatz, M.; Gorgas, N.; Stcger, B.; Pittenauer, E.;
Allmaier, G.; Veiros, L. F.; Kirchner, K. Chem.-Eur. J. 2016, 22,
12316.

Fertig, R.; Irrgang, T.; Freitag, F.; Zander, J.; Kempe, R. ACS Catal.
2018, 9, 8525.

Esteruelas, M. A.; Honczek, N.; Valencia, M.; Onate, E. ; Olivan,
M. Organometallics 2011, 30, 2468.

Madsen, R.; Azizi, K. ChemCatChem 2018, 53, 1.

(Zhao, X.)

Chin. J. Org. Chem. 2019, 39, 883~902



