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From the Carbon Center to the Silicon Center: Advances of Chiral

Spiro Diphosphine Ligands
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Abstract Chiral spiro ligands and catalysts have been recognized as a class of dominant chiral ligands and
catalysts. The research on chiral spiro ligands has promoted the development of asymmetric catalysis. According to
the difference of spiro atoms in the spiro, the spiro is divided into carbon center spiro skeleton and silicon center spiro
skeleton. The synthesis and application of chiral spiro diphosphine ligands based on carbon center with spiro[ 4.4 ]
nonane skeleton, spirobiindane skeleton, spirononadiene skeleton, spirobichroman skeleton and silicon center are

discussed respectively. It provides an important reference for developing new asymmetric catalytic systems in the

future.
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Scheme 3 Application of chiral spiro diphosphine ligand SpirOP
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Scheme 4 Application of spiro [4.4] nonane phosphite ligands
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Scheme 12 Application of spiro diphosphine ligand SPIRAP
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ligand O-SDP
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CO,H H,  [RN(S)-18(cod)IBF, (1(mol)%) COH i
~ z ~neae M
2X10° Pa -
PH NHAC MeOH/H,0 = 1/1, rt, 12h conv. >99% 53% ee
o CUNOS[P(3,5-xylyl)sl, (1(mol)%) QH

(S)-18 (1(mol)%)

©/'\ RR2

©)‘\ + H,
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a0'Bu, 'ProH, 30°C, conv. >99%, 67% ee

o}
PPh
PPh, - R N :
NS /S
J~PPh, /A =
18 19 20
ExX15 HtEFBRF_HEEMNFHERRE

Scheme 15 Other chiral spiro ligands with spirononadiene skeleton
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EX 16 EFEZGRKRERNFEEIRNEE A SPANPhos i 5
Scheme 16 Application of chiral spiro diphosphine ligand SPANPhos with spirobichroman skeleton
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o ArA
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OAcO Pd(allyl)CI], (1(mol)% H M
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2 3£atq gh 2z 67%~96% yield
- 91%~97% ee
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H
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2 2
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OH 4 DMF, r.t., 16h OH OH OH OH OH OH
syn anti
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R=H, Me
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[Pd(allyl)Cl], (2.5(mol)%)
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1.5eq DBU
toluene, r.t., 12h

Ak
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PAFZ Ar2F’
22 SKP
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in

64%~96% yield
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0
RN OH SRRT
R" R?
up to 99% ee
Alk
A O H K8

(¢}
up to 99% ee

(22a Ar = CgHs)
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BxX17 EHBR-eRERMNFEERIBE G SKP 8 52 F
Scheme 17 Application of chiral spiro diphosphine ligand SKP with spirobichroman skeleton
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Scheme 18 Chiral spiro diphosphine ligand with other
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B3 19 SPSIOL #0 SPSiPhos # & A
Scheme 19 Synthesis of SPSiOL and SPSiPhos
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Scheme 20 Application of SPSiPhos
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24%
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O
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B3 21 SPOSIOL W& KX
Scheme 21 Application of SPOSiOL
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Scheme 22 Didentate phosphonite ligand based on SPOSiOL
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Scheme 23 Synthesis and application of SPSiPO
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Y@OH TIZO pyridine \ ; OoTf Ar2 (OH
[ f : [ t ;OTf d(OAc),, DPPB

27 SPSIiOL
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/—/ . 32 (3(mol)%)
Ts-N + H-SiEt;
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Scheme 24 Synthesis and application of SPSiP
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