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Scheme 1 Chiral monodentated spirophosphorus ligands
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Table 1 Comparison of chiral ligands in the hydroformylation reaction’
CHO

Ph/\ +CO/H, Rh(acac) (CO),/Ligand .\ /\/CHO
Ph Ph
Branched (B) Linear(L)
Entry Ligand Yield(% )" n(B):n(L) ee (%)% || Enty Ligand Yield(% )" n(B):n(L) e e (%)
1 1 82 92:8 20 5 3 87 93:7 35
2 7 96 82:18 8 6 4 93 94:6 30
3 8 13 91:9 4 7 5 9 90: 10 0
4 2 46 81:19 10 8 6 91 89:11 8

a. Styrene/Rh(acac) (CO),/ligand molar ratio is 200: 1: 3, volume ratio of CO to H, is 1: 1, 1.2 MPa, THF, 40 °C, 12 h; b. determined
by GC analysis using tridecane as the internal standard; ¢. determined by GC analysis with a chiral capillary column( BETA DEX™ 225) ; d. the

configuration of the products was assigned as R by comparison of the optical rotation with the data in literature.

u{tﬁ % 3 y\j e 12|§ s Bt — }/F ﬁ[} ﬂc = m %%ﬁ: Table 2 Optimization of the reaction conditions”
( i“:é 2) . XTJ‘{%?'%[J E‘Jﬁrﬁiﬁéé%%‘%% y fé%ﬂﬂ?ﬁﬁj E/‘J p(CO/H,)/ Temp. /  Yield

e. e.
Entry  Solvent n(B):n(L)

XA BEFEPERZ I IE A K, 25 A R AR 2 i 7= T “TP;" ;% <Z;) 5 (;7;)
SCHERE/ ELEERE A FE/R LR 94: 6 2 93: T2 ., L o o o7
R RORE R OXT B BE BEME R M B, 3 cHya 1.2 0 66 94:6 31
FE%E/(J e. e. {Ej‘j 209 ~35% . % {%{ %IJ ?ﬁ uﬁl ﬁj{ 4 Toluene 1.2 40 96 94:6 32
. e . 5 DME 1.2 40 51 93:7 29

AR AL RO PR, TERCALRE DBORIVIEFIT, o e Lo 0 2 ose 30
W THF | LA 5053, HEAE = BCRAR 7 Dioxane 1.2 40 98 94:6 35
s ES BT ORI, VAT IR Gy 8 Dioxane 3.0 4 9% 955 40
o AT N o 9 Dioxane 3.0 60 9 928 31
AT HAE WP R SR F AL e 20 L o9 o 41

o, DIRE SRR G BB, P 11 Dioxane 6.0 0 94 955 39
IR, FEARBEMHEE, “EHANHIERAER VI o n(Styrene): n[ Rh(acac) (€CO), ]: nl (R)-SIPHOS-i-Pr] = 200:
. B G BRI ROV R, ZBL 153,12 hy b n(CO)/n(Hy) =1:1; c. 24 h.
B BCRIESI L2 MPa EFHE] 3.0 MPa B, =411 e. e. fEM 35% [ T+Z 40% . #E— 4G <R 14
A 6.0 MPa [, S 9 IX IS £ AU e PEME AR AR AR, IR SCIR L B, SO AL AT LATE
T AT, LI RON B DX R R | X R R 1 R R AR A ORI B e . RIUE,
RN S5 B SIPHOS-i-Pr LA, A0SR AR, G ST 3.0 MPa, SOW il B2 % .
LR, MEFMBR OIEM AP WL R AT T 25 (£ 3). 48RV, Xdk2




=

1896 HEFRALFEIFR Vol. 27

BORCIRRTEY), ROV 7= AR . Elﬁﬁuﬁﬂﬁfif“ﬂ’ﬂﬂ% EEEVER AR, AL, 7
(4 e. e {EAEGHG , AR -H AR S ARG O X W PEVE B, e e (ELIN B 44% 5 ARALHURRS , i)
e. e fHIRAR. Y EA WAL IO SRS VERLAR, Rl e xt- =i H SR L0, M2 72 h A 6E
SEI, T HXTBREPEEW R 17% . FERFESRAET, 2-Z8 St nl DU A G Ak SOy, I B Y
AR AN X I PEPEAAR LGS, (EE XS W EEPERLR, e. e (HRA 15% .

Table 3 Asymmetric hydroformylation of styrene derivatives

A Rh(acac) (CO),/(R)-SIPHOS-Pr CHO CHO
Ar + CO/H, )\ + A
Ar Ar
Entry Ar t/h Yield(% ) n(B):n(L) e.e (% )| Entry Ar t/h Yield(% ) n(B):n(L) e.e. (%)
1 Ph 24 99 96:4 41 7 m-MePh 36 91 95:5 36
2 p-MePh 24 88 95:5 43 8 m-MeOPh 24 92 95:5 37
3 p-MeOPh 24 95 94: 6 44 9 m-ClPh 48 96 97:3 24
4 p-CIPh 24 82 97:3 41 10 0-MeOPh 24 88 90:10 14
5 p-BrPh 36 70 97:3 33 11 0-CIPh 36 97 93:7 23
6 p-CF;Ph 72 97 97:3 17 12 2-Naphthyl 48 96 97:3 15
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Application of Chiral Spiro Monophosphorus Ligands in Rhodium-catalyzed
Asymmetric Hydroformylation
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(1. State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou 730000, China;
2. State Key Laboratory of Elemento-organic Chemistry, Institute of Elemento-organic Chemistry, Nankai University,
Tianjin 300071, China)

Abstract The application of three types of chiral spiro monophosphorus ligands in rhodium-catalyzed asym-
metric hydroformylation was investigated. The chiral spiro phosphoramidite ligands( SIPHOS) were found to be
efficient in this reaction, and the alkyl groups on the amino moiety of SIPHOS ligands played a critical role in
the control of regio-selectivity and enantioselectivity of the reaction, with i-Pr being the best choice. Under the
optimized reaction conditions, styrene and its derivatives could successfully react as substrates in excellent
yields and regio-selectivities, and modest level of enantioselctivities.
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