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Research Progress of Transition Metal Catalyzed Synthesis of 1,3-
Conjugated Diene Compounds from Alkenes and Alkynes
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Abstract 1,3-Conjugated dienes are key structural units of many natural products and drugs. Conjugated alkenes also play a
central role in organic synthesis and materials science due to their special chemical properties. At present, the synthesis of
1,3-conjugated diene is mainly achieved by transition metal catalysis, and researchers have constructed a series of 1,3-diene
skeletons through this method, which enriches the structural diversity of conjugated diene compounds and extends the
application range of diene compounds. The synthesis of 1,3-diene is reviewed by classification based on the different types of
transition metal catalysts, and its development prospects are prospected.
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Figure 1 Conjugated alkenes and polyene natural products
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Scheme 5 Palladium catalyzed synthesis of 1,3-diene from cinnamic acid and enyl bromide
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Scheme 6 Palladium catalyzed synthesis of 1,3-diene from alkenyl halogenated hydrocarbons and organolithium reagents
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Scheme 7 Palladium catalyzed synthesis of 1,3-diene from enyl bromide and N-sulfonylhydrazones
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Scheme 8 Palladium catalyzed synthesis of 1,3-diene from enyl iodine and organoborate reagent
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Scheme 10 Palladium catalyzed synthesis of 1,3-diene through olefin sugar alkenyl reaction
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Scheme 11 Palladium catalyzed synthesis of 1,3-diene from olefin and organoboride
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Scheme 12 Palladium catalyzed synthesis of 1,3-diene by the Heck olefin reaction and the reaction mechanism
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Scheme 13  Palladium-catalyzed synthesis of asymmetric 1,3-diene by the C—H activation of olefins

1906 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2023, 43, 1899~1933



Chinese Journal of Organic Chemistry

=v=0

d(OAc); (10 mol%) | N
L5 (15 mol%) 0 N/ fe)
TsHN Na,CO3 (1.0 equiv.) | \
_R1 + N N
Ethyl acetate (0.2 mol/L) PH Ph
30°C, 24 h, Air -2
(b) 1 4 4
R Pd(OAc), (15 mol%), L6 NN R Bu 'Bu
MnO,, BQ, (BnO),PO,H
R2 CHO , ~go 2 (BnO),PO, R2 CHO HZN)\”/LtBU
HOAc/DMSO 0
40°C, 48 h, O, L6
Ph
— S M
O NHTs BuO,C Me CHO
Me CHO

53%, 92% ee

Me
n AN
BuO,C e Pd/C, H,
OH
"BUOLC” XN

Me CH
MBu0,C N Me 98% ee "BuO,C” NN Me
Me COOCH Me o
NaCIO, NaBH,
NaH,PO,4
91%, 98% ee 85%, 98% ee

58%, 90% ee 83%, >99% ee 76%, 98% ee

CH3PPhBr "Bu0,C™ ™%
NaHMDS
Me

88%, 88% ee

82%, 95% ee

Scheme 14

B 14 OMILIEIE Heck SN A BARSTRR 1,3- 4 M H v
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Scheme 15 Palladium catalyzed synthesis of 1,3-diene from biphene and organic boron reagents

Chin. J. Org. Chem. 2023, 43, 1899~1933

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1907



BIKE

R SR

FA IR, 552 R BRAF 2 B AR, RO R
TR ER AR AT PA(0)SEAL D PA(ID).

2016 4, Harmata BREZH S 4E T LA PA(PPhs)s N
TR, REIEHEAE N 3 ) 2 (A5 S O R AL A R 1,3-
IR N S, IR N, £ PA(H)
TERR, BA S PA TP R m-Jd PR B4 R (A4, 7ERSISERE (1)
HFEH T FEN 1,3- =i (Scheme 16). {E KM H,

AcOH 1ENEIRIE AL PAH)H AR, N A R LF A
&Y E RE I, X T RISV A R 1)
MR

Deagostino PRAAHURIE T AEMEAL N-XF A 2R A gt
& 506 C—H BV AAT SRR SOB & R 1,3-35458 — )
(Scheme 17). fE& KIN, 24 N-XF H 2RAE I A AR IR U
FERF, R 13- IR E Y. R, G E

ArO,S ArO,S
= |
AI’OQS/\.ﬁﬁRZ [Pd-H] L\:‘\[Pd] ‘
R1 J R2 = Rz
R' R'
AFOQS AFOQS
- -
ArOZSA'Y\RZ Conditions ‘ or 1
R! THF, reflux, 0.1 mol/L Z "R? RS
R R?

Condition A: Pd(OAc), (10 mol%), PCy3 (20 mol%)
Condition B: Pd(PPh3)4 (10 mol%), AcOH (20 mol%)

Me CF3
68% 78% 74% 61%
0 ON
s ¢ Ts To FsC 4
YA PRV RS
=
Me Ph CF3 Me
75% 83% 70% 83% Me

B 16 ARG R E K 1,3-— 4

Scheme 16 Palladium catalyzed synthesis of 1,3-diene from isomerization of binene
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Scheme 17 Palladium-catalyzed the synthesis of 1,3-diene by C—H activation of dienes
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Scheme 18 Palladium catalyzed synthesis of 1,3-diene from biphene and aryl iodide
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Scheme 19 Palladium catalyzed synthesis of 1,3-diene from aryl halogenated hydrocarbons and sulfolene
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Scheme 20 Palladium catalyzed synthesis of 1,3-diene from aryl sulfonate and sulfolene

XA, R T I T RN IR VG LA R 7 VAR TS
Gy FAEM T T RIS .

2021 4F, ZUREZH SR IE T 0 5 i A B PR
ST R, B XX 2 ALEEREAT T IR
B i(Scheme 21), k&4 J& T I 8L 1) JE A Y6 I LA K %
SNAETEPE > FAS M 5 T R . i SR EGIE I, 7R
I3t R 1 P A A R T 0 R BR T B P ) 0
MR L. LR AR, RS Pd0)E LN,
NG5 IR B AT B TR O A TR R AR B, PR
E—0TF SO, AR HEIA C, )5 Lkt )5 R 2]

1910

http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

AR, 1 PA(DAILJFE N PA(0)4k 22 5 M.

2020 4F, SR URREZH R FAH [R] ) S g S T
IS S BE. % WL PA[PA(C3Hs)Cl], 1E AL T, ¥
TR JERL, LT — R Heck KSR i £
— RN GEHAG I 1,3- 358 I (17775 (Scheme 22). %%
M2t Heck Ik R T IEARF S8 S8 0 I B A 6 I
MASBNLHOIRE. b, 1ZOTVERA B0 XSRS Ak
EFEPE . JREENE DL B RE RIS, SR SR
P DR AR AS [ T 22 S 0K

Chin. J. Org. Chem. 2023, 43, 1899~1933



Chinese Journal of Organic Chemistry

3
X PA(MeCN),Cl, (5 mol%) R
@@ . @ Xantphos (11 mol%) X A R
I
= SC 'BUOK, KHCO3 ®r ~ R* R
o0 THF, 110 °C
Et0,C ~
CF
x Br 65% (>30:1) X = Br, 66% (>26:1) 3
0,
63% (>30:1) X = OTf, 63% (>30:1) X = OTf, 87% (>30:1) 14;2 (;32?,/1
(]

X = Br, 96% (>30:1)

1.29,75% OMe
X = ONf, 99% (>30:1) 76% (21:1) 87% (>30:1) 55% (>30:1)
X =OTf, 77% (>30:1) 1.59,71% sulfadimethoxine derivative ataluren derivative

R3

KX
. L
P
N
R? R3 SO,KR? P ~ R1 /S\\O
d CH30K — KOzS g L R
) R L

%)\/R1

/
R™>s( R3 ArPd( || )LoX d\)\/\w
(O] .
Pd Z-selective
pathway E-selective
A R2 E\ pathway
2
R! R
\)V LXPd(O) R
R3 -
R3

B 21 AAEAL DT RESR B uGi S 3A T AR BN i 1,3- M S S ML

Scheme 21 Palladium catalyzed synthesis of 1,3-diene from aryl electrophiles and cyclobutylene sulfone and its reaction mechanism
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Scheme 22 Palladium catalyzed Heck cyclization to synthesize 1,3-diene
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Scheme 23 Palladium catalyzed synthesis of 1,3-diene from activated olefin and alkyne and its reaction mechanism
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Scheme 24 Palladium catalyzed the synthesis of 1,3-diene with propargyl alcohol and organoborate reagent
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Scheme 25 Palladium catalyzed synthesis of 1,3-diene from alkynes and its derivatization
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Scheme 26 Palladium catalyzed synthesis of 1,3-diene with pronucleophiles and its reaction mechanism
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Scheme 27 Palladium catalyzed synthesis of 1,3-diene from alkene and alkyne
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B 28 A I SR A 1.,3- 4

Scheme 28 Palladium catalyzed synthesis of 1,3-diene from enynols and aminals
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mol%), dppe (5.0 mol%), THF, r.t., 40 h. (c) [Rh(COD)CI], (2.5 mol%), BINAP (5 mol%),
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B 29 AR 13-
Scheme 29 Palladium catalyzed synthesis of 1,3-diene from allyl alcohol
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Scheme 30 Palladium catalyzed synthesis of 1,3-diene from diazo compounds and allyl halides
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B 31 SEAEA U N AR 1,3- 0 BN

Scheme 31 Palladium catalyzed dehydrogenation reaction to synthesize 1,3-diene and its application
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Scheme 32 Ruthenium-catalyzed alkyne reduction alkenylation to 1,3-diene, and its reaction mechanism
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2009 4, Plietker M4 O 3E T ZRALF N, %
LR 4H LL[(PhsP)sRuH(CO)CI] A AL 7], DMF &7,
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Scheme 33 Ruthenium catalyzed synthesis of 1,3-diene from active alkenes and alkynes
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Bz 34 ETEALIG N EBEIR IR S RIE &K 1,3- 4
Scheme 34 Ruthenium catalyzed synthesis of 1,3-diene from allyl phosphate ester and alkyne
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R2 R4 Ir1 (2 mol%)
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B 35 A R SR A RN Ak 1,3- 4

Scheme 35 Iridium catalyzed synthesis of 1,3-diene by dehydrooxidation of enyne

2.2 %7(Ru). #(Rh)EXEE C—H BB E R M I, Cu(OAc) H,O NEAH, 1,4- 5N NI

A3 HIEZEHEY
2015 4F, #R AR HRGE TG RE C—H
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B 36 L7 AR Heck SN & R 1,3- 0
Scheme 36 Ruthenium catalyzed Heck reaction of olefins to
synthesize 1,3-diene
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100 ~ 120 °C

NS, Si(OEt),Me
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B 37 A IRDIRE LN AR 1,3- 0
Scheme 37 Ruthenium catalyzed functionalization of diene to
synthesize 1,3-diene
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AT, JEIE 1,4-Rh(ID)E A SEIL T M IR 1A
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[Cp*RhCly], (2.5 mol%) NHAGR?
Cu(OAc), (2.1 equiv.) xR
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Scheme 38 Rhodium catalyzed functionalization of 1,3-diene
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Rh‘C /

NTs
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B 39 MM C—H B LRI AL N 15 B 1,3- 06 b S AL

Scheme 39 Rhodium catalyzed olefin C—H bond activation alkenylation reaction to synthesize 1,3-diene and its reaction mechanism
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Ru2 (5 mol%), PPhj (5 mol%)
CHoClp, 60°C, 24 ~72 h
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Scheme 40 Ruthenium catalyzed remote isomerization of alkenes to synthesize 1,3-diene
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Scheme 41 Rhodium catalyzed synthesis of 1,3-diene from a-diazo-y,0-unsaturated esters
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2 Ph,C=CHBr + zn —1{1€QUV)
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R2 Br
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RZ \—
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Scheme 42 Nickel catalyzed self-coupling of alkenyl electrophile to 1,3-diene
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Scheme 43 Nickel catalyzed self-coupling of alkenyl electro-
philes into 1,3-diene
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Scheme 44 Nickel catalyzed synthesis of 1,3-diene by one-pot reaction of tetrafluoroethylene, alkyne and olefin
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Scheme 45 Nickel and palladium cocatalyzed reduction coupling reaction of alkene-based electrophiles to synthesize 1,3-diene
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Scheme 46 Nickel catalyzed reduction coupling of alkenyl electrophiles to synthesize 1,3-diene

[Ni] (2.5 mol%)

THF, 23°C,1h
[(dppe)NiCls,] or [(dmpe)NiCl,]
(2.5 mol%)

THF, 23°C,1h

Phap pcPh Me /' \, Me
Ph” \Ni/ “Ph Me” \N/ “Me
I
c’ o o’
[(dppe)NiCly]  [(dmpe)NiCl;]

\_—_Ph BriMg™x MgBr, Ph,_—_ Ph

P
Ni(P\Ph Ph” Ni< “Ph
Br m

Br~ Br~

@]
@L { ]@fg
TBSO O

83% 77%

77% 91%

Oﬁ :
N
Boc

70% (S) 74%

Ph
Ph”

Bng/\ MgBr, Ph,_— Ph

Ph/FNi/P\Ph
M

0y
o P(OED

\O/\Ph Ar/&

I\Ill Ph

A Ph, P/\P,Ph
Ph/\\Ni(O\Ph
Ar__p-OEt
O~ “OEt

V MgBr,
BrMgOP(O)(OEt),

Ph,_— ,Ph

E 47 M Kumada 5N A % 1,3- 70406 M H & N ATLEE

Scheme 47 Nickel catalyzed synthesis of 1,3-diene by Kumada coupling reaction and its reaction mechanism
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{§(4C2ZIPN)WE NG BGR, fEJCMEA T, i —2H 5) hed it
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B L 1 1,3- 0 K S L

Scheme 48 Nickel-photosynergistic catalyzed synthesis of 1,3-diene through alkyne bifunctional groupation reaction and its reaction

mechanism
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B TR NS . SR THLEE, AR NN, FEGEA
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WAERE F 5055 s AR AT AN B B =N B
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W JFE R N, fEARFIER FIRJE A Ni(0)4k 822 5 k.

4 SEEEE 13- HEZHLESMNER

H(Cu) N R FL i B RN &8, B RIFEE
PE. SRR RN WS E BN TR, BAE
ARIPERT, fEfE AL S B AR, Rk, 2
AR L3-SEHE A AR, FLAE 1971 4F, BHEEX
A DU AR S Cul AR, R E Shg
BT RBAE S 1,3- I E B, 57 T B R )
EI Cul Z5RM, 6= 25 1% (Scheme 49).

CO,Et
= . 2!
r\)ZCULI + =—CO,Et Et420> —

B 49 HHEEAZHR 13- TmINE MR
Scheme 49 Synthesis of 1,3-diene involved copper-lithium
reagents

2021 4F, FRIE MR ESHRIE T 87 AL A e
1o X 35837 8 A R ST AR I R IROOURE SR AR, 1,3- 0.
IR A 1 e BL 1,3- B O B g AR N IR R, B
Pd(OAc), 1 Cu(Xantphos)I 1E LT, Cs:COs 1E N
PET IO, (RS R =R 12 h, 85 IR EErE
FIR FAREERSL 3 h, BtAETS 2] H AR =4 (Scheme 50).
S SEEE T 05 B e PR IR 05 JE AR, T ek A
ek ATl R R ER (Y SR ) SANEYE B ik it 1 M 53
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N, G IR IV FTE TR IR P 5 55 2 1)
IR N, SRIGTERRIIVER T, BilES —egid 9 o
B MAF R H bR 4.

2021 4, Buchwald #8020 SO 33 1 1 F A 4 XY
SRR R, B 5 I 5 f R m A
B 1,3- 75 (Scheme 51). ML ERR S v] LLE
PR B KA R, JEERIEEE, o TN, HE
B RAR 2 3G VY R IR =W m] DAL R I B R e, X =
B THEMZ A EENE . IR B EE
TR, RN Thedk . 55 3 K 24 IR BUAR e #
REIEH, JF HEA MRS AIs 8, 1R 6 e e 28 s
B R R RS TR, T HRET S, 7
PRI FERE R S S S VE B A, JF HLT DAY R 2 )\ e, B
RIGEFEIAR I Js R TS B R S b2, IF B B H TR F5 15T
IR REPE. I % 5 AT LA 25 4y (U At e ) R
FRARF=W 53 T B .

4755 S 3K 70 e 2L A e R WL kR0 PR S R, T
AHLA A BN 2011 4, Tto ARHEHRIE T
HAPEE A AL A P DX B Al Ak S B, DABRA
BEAE NIRALART, B T 13- 50 =0 S50 42
(Scheme 52). J Xt A ke dk ol 5 F MR B A R
R R SR, s A T umb i & 4. SR, B A EUR
7 B B2 e AR v B S S M K, b dae A o A 2y
Pr R BT, HAL R R DU R i B 32, 25 B
FeON g7k, DL BRI SN F. =4 )
AW LR A Suzuki < N A Diels-Alder [ v, SEEiE
—BRTHE AR,

Cu(Xantphos)l (1 mol%) Ar,
TMS————TMS + ArXx _ Pd(OAc), (1 mol%), DMF >:\:<SR
Cs,COs (2 equiv.), 12 h,rt, Ar RS N
then RSH (3), 6 h, rt. r
L Cu(lyPd(ll) L

Double-Sonogashira coupling

Ph

B~ BH

4-MeCgH,4SH ~ L 4-MeCgHyS" # Hydrothiolation

Ph
\ 4-MeCgHyS™ 4-MeCgH4SH \
4'MeC6H4SH \ SCGH4-4-Me \ SCGH4-4-Me
™ - — ‘%‘4 —
Hydrothiolation - -
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B~ BH Ph

B 50 A —He. 55 EE s AUR BR8N A BRI REAL 1,3- 0

Scheme 50 Copper catalyzed synthesis of functionalized 1,3-diene through one-pot reaction of dialkyne, aryl halocarbons and thiols
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Cul (6.0 mol%) IR
A (S)-DTBM-SEGPHOS (6.6 mol%) Lo
/R1 L NaOTMS (2.0 equiv.), Me,PhSiH (2.0 equiv.) ~FR2
Ar Z * YUR? Pd(cinnamyl)(dppbz)Cl (6.0 mol%) AN
OTf THF (1.3 mol/L), 45°C, 18 h R
ve Ph
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X X
»
MeO” N Ph

|
EtO2C  62%, >20:1 ZE

71%, >20:1 Z:E

84% > 20:1 Z:E

B 51 MG S 4 L R R Al 1,3- 04

Scheme 51 Coppe catalyzed synthesis of 1,3-diene from alkynes and enyl sulfonates
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Bpin SPhos N X -Me
\ —_—
@/\M(e + Bf\/\Me NaOH (2 mol/L) m
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BR 52 MG T REFIL S BB R 1,3- 0

Scheme 52 Coppe catalyzed synthesis of 1,3-diene through alkyne functional group reaction

2022 4F, HAEFEHRIE 7L IR T BT
LRI, & T R EE . wOW B REHILR 1,3-3
B Ik B W) (Scheme 53). % M EA R IR IE
FAME, X0 BBl BRI 3 T A R
MRR. Ak, fEF @ — RS Suzuki-Miyaura B
[ 1 Kumada-type {515 s Sk 1 = i) sz A

2018 4F, Mastral 5EZH RS T4, FRILMEAL R
R IR SRR e = 4H 7 — Bk & 1,3- 3541
IR BN 7 72(Scheme  54). %07 2 T A
BRI, X 2 BUR BB R A B IR A R 1 SO
ROR. AEZINA, R b, 4 A0 550 1 56 5 TR
TR EE AT AR SS 4, SR XA AT IR 4N, T
AT 55 A FRAR K AR A IR, SR 5 540 v e Ak
AERCARAL e, AR FHEBRSG EY). 2022 4, H5%
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F.F Cu(IPr)CI (5 mol%) .
+  Bypiny BUOK (1 equiv.)
THF, 60°C, 12 h Bpin
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E Pd(OAC), (2 mol%)
S 2 SPhos (4 mol%) F
+ r
)—8pin KoCOs (2 equiv.) N
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_______________________________ 100°C,5h
F R®
Pd(PPhs), (5 mol%)
+ R3MgBr
\r? Et,0, 6 h, r.t. pare
R1 R1

B 53 A — A TG IT IR L 9L S B2 A B 1,3- 0
Scheme 53 Copper-catalyzed ring-opening defluoroboronation
of difluorocyclobutene to synthesize 1,3-diene
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i Pt i 2 A R A R 500 o TR A ) 25— 1 1

2016 4, XSLURAAHPHSIIL T Bk my XA 57
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NHC FAHmT DUE A FR A ke 5 e B A PRk A
Tk < & A S R R PR A7), v 25 = A 0 i 4 i A,
RIEETTE HoO VR ER AR B A 3 e B 5 i A7)
(Scheme 56). HHJEMT A, ZRIAT ZHIEY
R, YT O5 A Bk DA R PR AR B MG IR B (1)

BpinR®

RS NaO'Bu (1.1 equiv.), toluene, 30 °C, 16 h

RN

R'= ﬁ/\Br + Bypin,

PCy;PdC; (7.5 mol%) \
CUCIHBF 4-PCyj (5 mol%) F - Bpm
1
NaOMe (2.0 equiv.), toluene, 40 °C R

Bpin Me Bpin Me Bpin Ph Bpin
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)\)\( /\)\/ MQM Me NS
Ph  CO,Me Ph Ph
86% 72% 56% 78%
F F F
X F7OOS FT
~-Bpin - Bpin x-Bpin MeO,C - Bpin
S
47% 68% 78% 71%

B 54 A, ARSI XUE BRI R B K 1,3- M
Scheme 54 Copper and palladium co-catalyzed synthesis of 1,3-diene by alkyne bifunctional grouping

s R
s
N/N\)\’;Br %R1\)LRZ
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1
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B 55 DHEARIUGREER B B8 SR & 1,3- =0

Scheme 55 Tin catalyzed radical reaction of bromoallyl hydrazone to synthesize 1,3-diene
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Method A: H,0, r.t.; Method B: I, (0.75 equiv.), -5 °C
Ph D
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Scheme 56 Iron catalyzed synthesis of 1,3-diene through Kumada coupling reaction

SRR, 1A 0 4 Jm R AT LS 1,3- 0 11
B, BT DASEI 2 FEAL, TEAHLA R A B B
H.

FERTE & R AL R N, BC AR T S B gk 47 A
MR E S REENIER. KWk, RERNEAS
IR K, xR 2 v A RKIIRRYE. Fit,
T S5 I 26 A I 1 s B R0 A2 WL B J I R R i 3.
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Scheme 57 Iron catalyzed synthesis of 1,3-diene from alkenyl
iodine and alkenyl lithium
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Scheme 58 Praseodymium involving synthesis of 1,3-diene from allyl halogenates and ketones
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R-X O Br _ : R—X ]
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Scheme 59 Titanium catalyzed intramolecular cyclization of alkynes and ketones to synthesize 1,3-diene

2019 4, AsFAR IR HRIE T A A 1,6- ki
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IR ELAAR, U S SAL E ER INFR, DU SRI A EA 5 1
AR R, G AT 1,3-3558 1 E0 LAY (Scheme 60).
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Scheme 60 Cobalt catalyzed hydrogenation cyclization of 1,6-diynylboron to synthesize 1,3-diene
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Scheme 61 Cobalt photococatalytic cross-coupling of alkenes to 1,3-diene
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