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Development of Earth—Abundant Metals—Catalyzed Enantioselective
Alkenylations Using Alkenyl Metal Reagents
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Abstract Allylic chiral centers are widely present in natural products and pharmaceutically active molecules, and play a
vital role in the construction of organic compounds through pericyclic reactions, oxidations or reductions and other transfor-
mations. The transition metal-catalyzed asymmetric addition or coupling reaction using alkenyl metal nucleophiles is one of
the most attractive strategies for the synthesis of these structures. Among the many metal catalysts, earth-abundant transition
metals such as iron, cobalt, nickel and copper have been used to replace precious metals such as rhodium and palladium, and
have gained attention for use in enantioselective alkenylations. Indeed, remarkable advances have been achieved with these
catalysts due to their unique catalytic activity, low toxicity and environmentally friendliness. The earth-abundant transition
metals are known to undergo facile one electron oxidation state changes. In the reaction process, the earth-abundant transition
metals have the ability to undergo two-electron transfer and single-electron transfer processes, therefore they have more va-
lence changes and catalytic pathways which can be exploited. Based on this, this article will review the latest research in
earth-abundant metal-catalyzed enantioselective alkenylation using alkenyl metal reagents. It is divided into four sections
consisting of cobalt-catalyzed enantioselective alkenylations using alkenyl metal reagents, nickel-catalyzed enantioselective
alkenylations using alkenyl metal reagents, copper-catalyzed enantioselective alkenylations using alkenyl metal reagents, and
other earth-abundant transition metals catalyzed enantioselective alkenylations using alkenyl metal reagents.

Keywords ecarth-abundant metal catalysis; alkenyl metal reagent; enantioselective alkenylation; asymmetric addition;

asymmetric coupling
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FEIE LA BL, BRENERAR S F 7 & R AL 1M 2k
Ja BT R SRAZAR TR A R A B AL S L © 28 1 5
BEIGARLFE A DI RO E 2 —, IFBAERS™
Y. 29 E PR E] TR, AT D) B AL AT
PRMG AN, (2B AT IR T SR, (3 ) 1
A AN TS b 1 s 2 DA % (4) A = 7 <2 e AL O A
R A B J 8 A8 7 T AT TR A .

1332 http://sioc-journal.cn

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2 SHERHANIRGENR N

2.1 BRI IFR N AR R R
T S AN L RSO PR AR X R 0 32 A 2 I A2 A BT 1
WA I B 10, R R R EE S
RN, 2 F T RG 1 5R R B AN P R e ) 45 W BT, It
BT Z AT R =R 25 is v o o (B 2)7. el
A LLIE IS S PR R, BB — R E B F A
Y. BeAh, XA T TR AR T 1
ek, pr LR L4k, o R R R R 4R
A P SR OB 1) AN S5 R 07 A S I — B A LA 2 40
SBIE FE I 77 1) 22— LA S R S B A LR
(RMgX), A HLEE R (RZnX), H HUIHR 7 (RB(OR),)
% AIIRIRFEB I e S E A P, B2 S
IKFRE, HAEEAETRIE, S B e 52 M A 2500 AT,
DS 6 WL I 2 5 1) e A 1) AS o R 0 2 A e 92 45 )

TIZIH.
(0]

SN COxH
b\/\/\/\/

OH O OH

Me Me Me
Me A~ "Pr

(+)-Pteroenone, 1

Prostaglandin A,
OH

OAc
A r,,OHcozH
Fostriecin FR901512
QH OH
HO. =
(0] H (0]
HN WO = : l\-{o
o OH

Thiomarinol H
B2 THmHERLEY
Figure 2  Chiral allyl alcohols

2016 4, R F UGBS 7R o-AH BRI |
A1 e DA K PR SV Ji ) AN PO S A S, I BLATE
S RO R B A5 2R P I A K o945 TR G SRAT A2
. SR AR TR M AT A R A R AR, R
FISEFITE. X — A BONERA MR R IR &
PERIME. JRYE PRSI . W0 T TR AL AIfE
ANKERR G B 1 ML Y L (B 3).

2019 4F, @ EMUREALTIT R T —HlEELR) 3,3-
RIS T A I R AN BRI RSN, B 3R AT
95%HIULAR, 98% IR MU FEELL KK T 20 01 [(AERT
WRIEFENE. BB A8 RO BG AL ). TR R L AT 45,
L IX T ] LU ROt & T A e R AT A, X
S RAWNENE 7> T BB E ARG, EARHER R
BEAT AR BRI B A0 SO B I, 22k ] B R K A, RES LA
54%IIEICE, 94% IR BRI FEVES BB X 244
N AGN194204 [F2E0IY). EAHERRZ, 2B
FENLEE BRI RE e Aok B TR IR, MRS 51

Acta Chim. Sinica 2021, 79, 1331—1344



F F R

ANBTIR(E 4).

Col, (10 mol%)

o R L1'(12 mol%) % i PPhPPhy
ZB(OH), _ —1{12molk) ! H
R20 c)kw * Wﬂ (OH) K,COs (2.0 equi 2, )\ 1 R /Q\
2 R 2CO; (2.0 equiv.) R?0,C” "R | Me Me
THF, 70°C upto 76%yield !
up to 96% ee ' L1
o] CoBr, (10 mol%) HO. (R O .
R L2 (12 mol% ST PBu
riL - o+ T/AB(OH)z (12 mo%) D ROHY
LA\ R K,CO3 (2.0 equiv.) R O | H |
\ THF, 70 °C Z N : P<Bu
up to 90% yield | L2
up to 93% ee
N N "
_S. CoBry (10 mol%) _S. ) ' K
N + P Bon) L2 (12 mol%) ONH R B
N H R K,COj3 (2.0 equiv.) A ZSg i H p<B
R THF, 70 °C R : .
upto 85% yield ! L2
up to 99% ee

B3 At DA R T P ANl A A S

Figure 3 Co-catalyzed asymmetric alkenylation of ketones and imines
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Figure 4 Co-catalyzed asymmetric alkenylation of cyclopropenes
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Figure 16 Ni-catalyzed asymmetric coupling of a-bromosulfonamides
with alkenyl zirconium reagents
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Figure 17 Ni-catalyzed asymmetric coupling of spiro-epoxyoxindoles
with alkenylboronic acids and mechanism
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Figure 18 Ni-catalyzed asymmetric coupling of tertiary alkyl halides
with alkenyl zirconium reagents
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Figure 19 Mechanism studies
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Figure 20 Cu-catalyzed asymmetric addition of aldehydes with alkenyl
silicon reagents
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Figure 21 Cu-catalyzed asymmetric addition of aldehydes with alkenyl
boron reagents and mechanism
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Figure 22 Cu-catalyzed asymmetric addition of trifluoromethyl ketones
with alkenyl silicon reagents
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Figure 23 Cu-catalyzed asymmetric addition of oxindoles with alkenyl
silicon reagents
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Figure 24 Cu-catalyzed asymmetric addition of cyclic enone with
alkenyl aluminum reagents
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Figure 26 Cu-catalyzed asymmetric addition of cyclic enone with
Si-containing alkenyl aluminum reagents

2017 4F, Marek /8 21 BOVFI F 16 9y -2- FH IR IV 46
(CuTe) AMEALT, H Ak S R A A B B 45 R 4R 57
FIEEAGRTR, SEIL T H S BRI A YISO RR N
BN, PAA AR B 55 (5 i ik B PR 3R 1R — R 41 B )
TR B B 2R AT (K 27).

76% yield, 86% ee 85% yield, 92% ee

DIBAL-H
R—=

CuTc (10 mol%) R2R'

R'R? L20 or L21 (11 mol%)
A + Ry

Et,Zn, E,0, 0°C

] % : o
8 %, oL ¢ O
Bu); EL,0,0° \/A 3 o PAr,
ROY : (o l PAr,
Ph_ Me Ph_Me Ph Me 1

3.5-(1Bu)p-4-MeOCgH,

WVA A/A /\/A e
cl X "hex Bu L20

62% yield 66% yield 53% yield

70% ee, 94:6 dr 78% ee, 97:3 dr 58% ee, 95:5 dr 3 Ph,_Ph
: o7 0><Me
CICgHs, ,Me Me, Bn Me Me ; R
P "hex Ph Ph
' PPh,
68% yield 88% yield 40% yield i L21
76% ee, 94:6 dr 74% ee, 83:17 dr 80% ee

B 27  HEALIR PO 50 B TR R AS SR N 5 R
Figure 27 Cu-catalyzed asymmetric addition of cyclopropenes with
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Figure 31 Cu-catalyzed asymmetric coupling of allylic phosphates with
alkenyl aluminum reagents

2010 “FiZ/NFI SR OAR AL A 2R, et R %
P SEIL T 3 5 — EOCAR A I 5 e ik T B U 2
I AR T B0 S SRR SN, 79 2185 F=BR L AR L )
LA- R EY. e s R T RA B ERN
JSA] % 57 BE AN 20 T AR < Je Bl (0 SRR, 1%
/N2 B 3 S R A T P R T S 1R N 2R S R
PRI R, T v 2] % AH LA 2 AR ). foeJm il i

ZJTVESEEL T RKERFY) Bakuchiol [ 1&] v iy R & B4
(K 32).
_ DIBALH 3 h
RZ—= Wl ‘ [eNgfe) }_\R
CUCH,2H;0 (1~5 mol%) _
ﬁ"i/\ . R L24or2L252(0 525 mol%) < R Me é\/NTNMes
RN 0PO(0EY), SN, T R Ag A
Mhex o Ph Of(.NMes
— Me/ = Me/ \i‘\M; =\M e/ Q/ R
B0y~ | P Ph
‘ L24 R=H

82% yield, 87% ee 91% yield, 90% ee 97% vyield, 80% ee  78% vyield, 92% ee L25 R=Ph

MeQ HO
——— Bakuchiol
Me \— Me Me \— Me
N X N
Me™ X 7 Me

82% ee

B 32 A = BRI T R 55 2 B kR A AN S PR 6 S
Figure 32 Cu-catalyzed asymmetric coupling of trisubstituted allylic
phosphates with alkenyl aluminum reagents
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Figure 33 Cu-catalyzed asymmetric coupling of allylic phosphates with
Si-containing alkenyl aluminum reagents
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Figure 35 Cu-catalyzed asymmetric coupling of allylic phosphates with
alkenyl boron reagents
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alkenyl magnesium reagents and mechanism
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