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Perspective for Phosphine Ligands with Cyclopropane Backbone™
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Abstract Throughout the history of transition-metal catalysis, almost every breakthrough is closely related to the develop-
ment of ligands. Therefore, the history of transition-metal catalysis roughly parallels the development history of ligands.
Therefore, ligand development lies in the heart of transition metal catalysis. Since the beginning of homogeneous catalysis,
transition metals have been accompanied by phosphine ligands (Wilkinson’s catalyst). Till now, phosphine ligands are one of
the most widely used ligand types. There are several key factors for the popularity of phosphine ligands, among which the
backbone of ligand plays a decisive role in supporting their stability, activity and selectivity. Many privileged phosphine lig-
ands contain five- or six-membered rings in their core structures, possibly due to their ready-availability, low ring strain, and
high stability. Seven- and above membered cyclic structures have flexible frameworks, many stable conformations, and are
difficult to synthesize, making them unsuitable as ligand backbones. The cyclobutane structure has relatively strong ring
strain, but its conformation can be flipped, and it is difficult to synthesize, making it inappropriate to be used as a ligand skel-
eton, too. As the smallest all-carbon ring, the three carbon atoms of cyclopropane are located in the same plane. Because of
the unique electronic structure and rigidity of cyclopropane, changing a substituent on any one of the carbon atoms of the ring
will affect the conformation of the substituents on the other two carbons. And cyclopropane structure is relatively simple to
synthesize and modify, making it a promising ligand skeleton. However, it is surprising that phosphine ligands with cyclo-
propane as the core structure have been rarely studied so far, and their applications need to be further explored, too. Based on
types of ligands, this perspective systematically summarizes reported phosphine-containing ligands (including monophos-
phines, diphosphines, phosphine-heteroatoms and triphosphines) with cyclopropane backbone, and their applications in tran-
sition metal catalysis. We hope to draw researchers’ attention to the cyclopropane-based phosphine ligands and thus promote
the development of transition metal catalysis.
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Scheme 4 Applications of ligands La and Lb in cross-coupling reactions
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V(H,)/V(CO) = 1:1 (10 MPa)
RhCly(Cp*)(L) (S/C = 4000)

X
Ph toluene, 100 °C

with Ld: 9 h, 97% conv., I/b =1:2.1;

with Le: 4 h, 99.5% conv., I/b = 1.9:1;

with Lf: 4 h, 15% conv., I/b = 3.2:1.
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PhX

toluene/EtOH, 90 °C, 48 h

21% conv., I/b = 1:49
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Scheme 5 Applications of ligands Ld~Lf in catalytic carbonylation reactions
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Scheme 6 Reported diphosphine ligands with cyclopropane backbone

Lg /2 Claver Z12F 2010 4E 5 JE (1, 0 T4
e 2GR E BRI B, E SR R B2k A N AT LIS 646
1% AL $(Scheme 7a). Lh & H Kanai Z5[31F 2005 4K
JEI, #FHF AL ASG R aldol [N, 3RS T R IR
R, H N Bk B ML BRI B R A UK T (60% e,

Acta Chim. Sinica 2023, 81, 777—7183

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

HrRmE |

CHO

Ph/\/CHO + /‘\ (a)
Ph Me

/ b

CO,Et

Ph/\/COZEt + (b)
/ Ph b Me

Scheme 7b). Li TEEEMEAL o, B-IMEFRER K o-Rin &2 5%
PR AN R SRH B IS 1, E R PR Bt iz 426 41
5 7 (Scheme 8a). Li #&HCEEE 1] AN H T 1-C M6 A H
WA, TEAS B ERERE, SOBEAT R X s B
(Scheme 8b). LI 5EE1E R T o- it S IR T (1 AT
REMR L, Be e IUAT R 4 % ik 3% 1% (Scheme 9a,
88% ee). LW FH T4 AL o f- AR 55 0 IR A
IR FLHO N AN, BUF T 83%[1 ee {H(Scheme 9b). itk
Ah, G JRAFERC LI A1 Lo BN H T ZRRIG A BE 5 T 1R
i 18 AN 0f oA P R B S B, AT DA o 250 ) ee
{E(Scheme 9c).

Pd(OAc),, Lg

0
MSA, H, (0.5 MPa)
~ + CO +MeOH 200

methyl propionate Iwe\)kOMe @

(2MPa) (4 MPa) 100°C, 3h TON = 646
(1) CuF+3PPh+2EtOH
(2.5 mol%)
O 0TS _ Lh(Emo%) OH ©

ph)LMe OMe (EtO)sSiF (12 equiv) Me 4 ome ®)

DME, 4 °C, 13 h

2 equiv.
(2eq )(2) Et;N<3HF

91%, 60% ee

B 7 AL S XUB AL 4 Lg A Lh 7EA A0 ()3 24451
Scheme 7 Applications of cyclopropane-based diphosphine ligands Lg
and Lh in catalysis
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Scheme 9 Applications of diphosphine ligands Li and Lo in catalysis

Lk /2 B & 5P AR R AR ZH 10T 2022 4R TE IR TR B
ZOUBE R AR, DATH B ) 2R R MR R R R, 2
5P IRMBEIAT AR T 15 g(RUCR A 59%) ISR 1514
JFiFaE R Lk (Scheme 10). #f Lk S5&ALEZ 4 7] LA3R
13— P KRR E M R AT R ok R, B R AE M BOR
Lk {E RN ECA S SR A RO, 51 4 B i Y
ANRCAT ST 2H R VU T A 45 84, P-Co-P IR A A4 109°.

HE— B I SR B, PR TR e B 20U e A i 5
Lk-CoCly f& M i R Ak AR5 FR P bR Fr X 3k 26 1 ) 4
PR 2 DL e i o BRAE SR SR, BT LSRR S
() B-IN B B 4 i) T ARURE 5 Y HoR RIS, B IR
SEPLT SCERH CTE ISR S o NG BE P 1 42 (Scheme
11). &N A R0 RPE R 5= 8 i,
TR 52 ) = U 0 R 0 0 F B Rt T A 0 v

Ph Ph
NH . Ph Ph
N2 MnO, N, dimethyl fumarate LiAlH,4 Bry, PPh;
)I\ 89% 2 st . 92% 82%
Ph” “Ph Ph™ "Ph 0 OVer£steps  veo,c" CO,Me ] o
HO OH
30.3 g (recrystallization) 22.8 g (recrystallization)
Ph Ph % o
Ph Ph Ph Ph
PhoPH, "BuLi CoCl,
: ey, - —_— ) =
88% h 92%
I | Ph,P- . .PPh
Br  Br PhP  PPh, r e
15.6 g (50 mmol scale) Lk, 15.6 g (30 mmol scale) cr Cl
B 10 SR Lk S HASTC G005 s 28
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Scheme 11  Applications of diphosphine ligand Lk in hydroboration of internal alkynes
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Scheme 12 Proposed mechanism of cobalt-catalyzed hydroboration of internal alkynes
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Scheme 14  Applications of ligands Lp and Lq in catalysis
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Scheme 15  Applications of ligand Lr in catalysis
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Scheme 17  Applications of ligand Lt in catalysis
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