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Recent Advances in Metal-Catalyzed 1,2-Difunctionalization of
Conjugated Dienes

Wu, Zhengxing Zhang, Wanbin*
(School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract The 1,2-difunctionalization of conjugated dienes is an important homogeneous catalytic reaction. The obtained
products through 1,2-difunctionalization are widely existed in natural products and bioactive compounds, and are also sources
of important organic intermediates, in addition, the preserved double bond in the difunctionalized product can be further trans-
formed to give the desired structures or be functionalized sequentially to achieve multi-functionalization. The main difficulties
focus on the encountered complex selectivities, including the regioselectivity, chemoselectivity and stereoselectivity in reac-
tions. In recent years, with the development of organometallic chemistry, metal palladium, copper, iron or silver catalyzed
1,2-difunctionalizations of conjugated dienes have been reported in succession. In some cases the enantioselective
1,2-difunctionalizations of conjugated dienes were achieved via the introduction of chiral ligands. This review mainly focus on

the recent metal catalyzed 1,2-difunctionalizations of conjugated dienes.
Keywords metal-catalyzed; conjugated diene; 1,2-difunctionalization
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Scheme 1 Difunctionalization of alkenes
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One-pot reaction

B 2 Y IEN 12- 0 E R il B A
Scheme 2 Advantage of 1,2-difunctionalization of conjugated
dienes
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(@ ~ A= — C\—<FG or x
R 4 R/= R AN

FG?
R FQ' FG2 R
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Scheme 3 Complex selectivities in 1,2-difunctionalization of
conjugated dienes
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Scheme 4 Pd(0)-catalyzed catalytic cycle concerning difunc-
tionalization of conjugated dienes
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Scheme 5 Mechanism of Pd(0)-catalyzed diamination of con-
jugated dienes
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i, WAL SN AR HEAT. (B 5%/ N R TAE AR,
SN AR AR S0 s (1) Y O L (Bq. 15). — R A%
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AN
R— Pd(OTs),(MeCN), (10 mol%)
ZSNH . L6 (12 mol%), 2,5-DMBQ
Me * \/\/R
\l}l o) THF, 50 °C
Me
15

R X / R’ MeO
i
=
) Q@
Me—\' © s; N
Me /©/ °

16 L6

Wcoom WNOZ WSOZMe th
N N N N

Moy 0

\ \
Me Me

79% yield, 88% ee 45% yield, 88% ee
WCOOMe
N

85% yield, 84% ee

10 mol% CuCl
10 mol% P(OPh);

CeDe, I.t. ~-65°C, 6 h

R3/\/§ >I\ J<

(14)
R3 Y N\é
NRCFLV

34

N M4
Ph/\/l\/ ‘é MeOZC ‘<\

75% yield 50% yield
N N~
K/K/N\é )\/‘\/ N‘<\
58% yield 79% yield

Sy
n-CsHHWN‘{\

68% yield

>L 0
ﬁ/"\:ﬁ\l‘é
89% yield
BE A7 IR e LA R ISCEE (81 %~ 99%) FH 151 16 5 14 R S
R A S5 8.

BT L g R, s NP R 4 3k &
PR FE S BB AT T BRI, BT RN
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Me-N

59% yield, 79% ee
MeO
WCOOME
N

87% yield, 87% ee
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(0]

#O Me~N

\ \
Me Me

39% yield, 89% ee

F
WCOOMe
N

Me~N 0

\
Me
27% yield, 90% ee

5~ 10 mol% CuBr

R3/§;§ * >I\NJ—LNJ<

CDCl3,0°C, 20 h

PP B
}_gﬁ

P P

15

95% vyield 81% yield 99% vyield
e} O O
%N N N)LN N
O\\:/L-\\ TMSO---CSI\\ n-CzH \_S:
85% yield 95% vyield 98% vyield

o 0

N N/% %NJL N/%

R —{Me
Me“\} PH
™S Et
94% yield 95% yield
Ik AN AS R (PR B 58 S IR W LER B 42 (Scheme 9). G
Cu(l)5 & A A SR AR 2 1E S 218 2 H HEER Cu(ll)
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0]
t—BuN//<NB ]
R/\/k/ v

34

- Bu-t
u-t o N

B
N
Y 7
£BuN (1) = tBun(lll)
Cu o ol |
X II_ L

n R n
38

K X
t-BuN l:lBu-t

ANOR Cu(ll
1 X L
35

B9

LnCuX

)/T_e;inal diamination

R

tBuN

e

NBu-t

Bu t
NBu t
/CuLn
Internal diamination
40
i T
'BuN—NBu-t
4 X
2
tBuN /NBu—t
CuLn
X 7
(o}
A 7
- t-BuN\ /NBu-t / R
e 39
X Ly AP R
36 1

B A SRR 1,2- B Al S AL B

Scheme 9 Mechanism of Cu-catalyzed 1,2-diamination of conjugated dienes

YiFh 35 FPUTCIR Cu(LI))FH 36.

PP Z [BAR P ReAFAE P4, Z0H B2EYFh 35 1E
BN PCys) HIYER T 51t (Scheme 9, left). % H
HEEYIAN 35 5 L0 0 S N1 B 0 T8 2 1 e R
Cu(IDPFh 37, 4k 5 243 2R ACTE M g 157 XUEE (1)
FEY) 34, R Cu(D)HEARIZRAS FAE. 57 BH AR FITE B
045 TR 3 1 pR 6 A0 P AR G R AR T RE & XU A R AR A
W S i A

WU AGLE 45 i N XU B IALERIR AT RE S Pd(0) fi
TR S SRS, SIS DY JeHR Cu(LIDPF 36
SEH(Scheme 9, right). SBAAR F H AN 5] NBCAARAERE T
T Cu(IIDF 36 MR, MAMS —EICATE R —
WA 39, ARG 4 XUBET BV B i AR 2 7
IR 40, f ) 2008 TR BR 1S 2 0L =9 3,
) i 72 H CuD)fEALF.

2008 4F Yoon /NAPHRIE T —FIHI(T) AL ILHI
I 1,2- 5 f AL B (Eq. 16). 3 LA B IR R e
BB 41 VENEIRAATE, IR T F e Ah
FEY) 42, 193] T AR IS DL AR e 1) X 305 5 4 A
Wik B, P&t it — BT A, W LA 5 (o M b
1,2-B B G
2.2 SEECHEREZHENAIIR1,2-WE sEt R L

o2z /NP AR A B SR E A R KRR 1,2
XA S SEHEAT T BF TR R 2008 (Ei%/NHBHRIE T 78
CuCl 4L F, (R)-DTBM-SEGPHOS /£ B A4k A LSz H)
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R Cu(TFA), (5 mol%)

Ph HMPA (10 mol%)
R + BsN—~
R2 (0] CH20|2, r.t.
1 41
Bs Ph
R1\N—’<
AYXVO (16)
R3
R2
42
8 ’<Ph o
S
N_ _Ph Me BsN
¥ g BsN—(
Zf ;-o Me 0
Me Me n-Hex” ™
84% yield 62% yield 73% yield
Ph Ph Ph
Bs,
BsN—( N—( Br BsN—(
© /M(a)k/o ©
Ph™ ™S Et0,C7 X Br X
89% vyield 81% vield 73% yield

KR 1,2-XUE Be R B, =ik 74% ee (Bq. 17), %
PGB ee . ZMA HHEFEMV LR, X
SIS N BSG BE M R R T AR B kAR

2009 4F, S22/ NAPHRIE T PR ERAR H B
43 VE AR AT DLSEEUAR KT AR 1,2-X0E REAL B, 15
FIFZE) ee fH(Eq. 18). HmEUIMA I FRELAK RIE T
BB
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10 mol% CuCl

2 1 0
TR }L 5.5 mol% L7
.9 Mol7
AN L L ssmomir
1 2

CgDg/toluene
0°C,20h
55% ~ 93% yield

A( j 0
AL [0
N o) PATZ
I AN
§ R 0O PAr
: ST ™ |
0

23% ~ 74% ee

Ar= 3,5-(1’-BU)2-4-M€OC6H2

L7

O
R\\ + N—N
1 2

10 mol% 43
tri(2-naphthyl)phosphine (20 mol%)

~(.L
N
L
CeDg, rt., 30 h, 45% ~ 77% yield RN
34
O O 49% ~ 61% ee
0
O\P//
‘ g 0™ “ocu (18)

43

3 BREULEIAE B 1,2-WEREILR N

2010 4E Yoon /NAPILUA B R KA EY) 44 1F
IR AVEIR, HRE T — 512k () fE Ak i e 0 1
FARA R BB, 19). S 8E%f T s Aor B 290 — 0
JRYPE AR T A HIBCR AR i B . AR Tk
N Z BUHRIE R Eq. 16 A PR () #0190 — 4 1 e
N, ERAE AL SR SR T SR AN SRR A 2 I R PR XL
HREWAS B ZIME B 45, 153007205 T8 AD 4L
N F= ) A R 72

2012 4E Yoon /NHAPILUA B R KA EY) 44 1
REIRFNVEIR, RIE T — 0k Q) {4 B B A A
SR B S AL SN (Eq. 20). 48 id oA i i ise, XX
WEREIRR LA L8 o Y S . T o ar AR 3
iR, T LA AN AR 1 U R A vy IR X B I
.

4 SREEWHIIEZHE 1,2-NERKEE

2010 4F Pérez /NHP RS T ARMEAL 125 i o B2 L
LA I B A e AL SN (Eq. 21). N BL PhINTSs
NEUA BISRIR, 8 R U R TR PR AL B AR S
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Ns_ Ar  Fe(acac); (5 mol%)
R/\/\ + N7/ 3 °
(6] MeCN
1 Ar = 2!4-C|ZCGH3
44
—_(Ar
O
R/\/\/NWS (19)
45
Ar Ar
o~ o~

n_HeX/\/\/N‘Ns

70% yield, cis : trans=5:1 94% yield, cis : trans =5 : 1

Ar
o~
Etozc/\/\/N‘Ns

83% yield, cis : trans =5 : 1

Fe(NT,), (10 mol%)

N Ns\N7/Ar L8 (20 mol%)
+
RTNTS o benzene
400 wt% MgO
Ar = 2,4-C|2C6H3
44
Me_ Me
ar OO
s R' | | SR
.CN\N —S/N N\-.) (20)
R/\\u S R' ’R,
45 R' = 1-Naphthyl
L8
Ar Ar

0\
LN
S NN

82% yield, 91% ee

o,
. N~
n-Hex X k/ Ns

51% yield, 94% ee

[Tp P AglH Al 1 R 2 7~ HHAR o (¥ S BT 1, B AR
R 2 B A ST AR R, BARFR T el S 8 T A
AR IR R OO L, £ 20774 46. LS MARILHE R
AL P FEHE 0 (0 BRI e A SR R AE A HL A b 2
RA AT,

5 HiL5RE

LR, RIS IR 1,2- XU Rtk
SNV HUAT T EERE, SRR IR REAL SN R
TP, FFHSRBL T B i S S P B s PR, 3t
PE ISR 1L2- 0 E B R ML A 4, HLEUS 1
B o W R, JCHE PA(O)E DAL TRIAE AN KT B
ML SN 5 THT 7 BT S LSS B AR, H AT SEE
K 1,2-X0F REAL S LB fff pie 1 (A B I A2 2% ) ik
Pk AL EAR I, AH BT B R RO B
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Tp*BAg (5 mol%)

PhI=NTs
1
E HO\/I>/\/R :
1 \ ]
' N P+ HO\/WR (21)
E T¢ H /N
; 46 : Ts
..................... 46'
Br HOM

N
Me—~ Me T¢

99% yield, r = 88/12

Me Ts
Me
Tp*Br 99% vyield, r = 85/15
N N
/ /
Ts Ts

99% vyield, r = 93/7

HO
N

N
Ts Ts

99% vyield, r = 90/10

99% vyield, r = 86/14

99% vyield, r=72/28

B REAL B, AR IEIR KR R 25 0], # 4,
U H TSI T — S350 IR 1L2- WU ReAb ) B, {H
H BT B R RIE LA PR, M Scheme 1 H ] LUE H,
IR Z W BUE Be S NA R . HIR, FEARIN A4
JEMAL RN, W1 PA(0)5 PAAD ALK 1,2-XE REfL =
R PAI) R A 1Y) s 87 Ak 8l 5t o N SEA 7, e 4
Pd(0) fEE 1k 1) s B2 TS B e LR, BoR R
N EEEE _E AL, (HIE R PAADAE A AL & 8T S B
PIREFEROR. Re TS FH I SR T A B 22 B 0UE Be Ak R B A2
IRA B TAE, 1 EREAH B A S S AR 2 Ad
AMNFE o E T A E 2R, &5,
KT I IRBAIAKTRR 1,2-00UF Befb [ vz, PA(O)RAL I
SN E PSR, H H BT PA(O) AL I S B FR A s — 22
INCEL R R Uk A B AT DA S B AS [R] 28 A 1) SLHE A
IR FRAE fefl, HE AN FREMIRIEHES T
Uity v 75 F AR B L 50 G KA. P AL S8 Ak I AN X6
PR LA A — 4R IE, (E R R P PRI R 2 A A AL
HReAL N, s SR R e B BT DL, Re A
TEE A AR AR R TFE A, SR 22 30T IR AN KRR AL
BRI, PLESS AN R 25 M 358 —Id BT iz e
PR R NAR R, FEARA M E BT T 1.
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