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Examples of Privileged Chiral Ligands
and Catalysts
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Development of Chiral Spiro Ligands
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(Chan & Jiang. 1997)  (Chan, 2004) (Chen, 2006)
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Spirobiindane

SIPHOS SDP SIPHOX SpiroPAP SpiroPNP
(Zhou, 2002) (Zhou, 2003) (Zhou, 2006) (Zhou, 2011) (Zhou, 2020)
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Development of Chiral Ligands with
Spirobiindane Skeletons

Birman, 1999
NaOH
EtOH HQO Raney Ni -
/U\ 1 atm Ho Br,, pyridine
. 52 Me,CO, rt CH,Cl,, —10 °C
(0.5 equiv.)
Br
i) n-BuLi (4 equiv.)
Polyphosphoric acid O THF, -78°C
105 °C . OMe 93% OH
57% (in 3 steps) ’ OMe ii) 2.3 equiv. BBr3 ' OH
Q CH,Cl,, —78 °C to rt Q
85%
75 Br 76 (+)-SPINOL 77a
Zhou, 2002
E
PCls, toluene,
P(NMe;)3 di[(S)-1-phenylethyl]lamine
y toluene, reflux i-ProNLi (LDA), =78 °C ;
75-92% 50%
(S)-SPINOL or (S)-82 (S)-77a (S,S,S)-82e (SIPHOS-PE)

it's 4,4'-derivative
(S)-82a (SIPHOS-Me) (E = H)
(S)-82b (DiBr-SIPHOS) (E = Br)
S)-82c (DiPh-SIPHOS) (E = Ph .
§ 3§_823 ((DliMeo_3|pHC;5() (E= |\);|eo) Bajracharya G.B. J. Nepal Chem. Soc. 2011, 28.



Development of Chiral Ligands with
Spiroﬁbiindane Skeletons

R
O~p-N
0 R
4a R = Me ((S)-siphos) S5aR=Br (R)-6 7a R = CgH5 ((S)-ShiP)
4b R = (S)-1-phenylethyl 5b R = Ph 7b R = 2-naphthyl
4¢ R = (R)-1-phenylethyl 5¢c R =MeQ 7c R = 4-MeQCgH,

8a R = CgHs ((S)-FuP)
8b R = 4-MeCgH,

O~p_g 8¢R=4-MeOCsH, PAr;
- 8d R = 4-CIC¢H, PAr;
aE R = 4-CF305H4
8f R=1Bu
(R)-sitcp 9 10a Ar = CgHs ((S)-sdp)
10b Ar = 3,5-(Me),CgH5 (Xyl-sdp)
10c Ar = 3,5-(Me);-4-MeOCgH,
PAr,
PArz
11a Ar = 4-MeCgH, (Tol-sfdp) (Sa S)-siphox 12 (S, 5, 5)-SpiroBOX 13

11b Ar = 3,5-(Me),CgH- (Xyl-sfdp)
11c Ar = 3,4,5-(Me);CsH> (tm-sfdp) } ]
Ding K. et al. Chem. Asian J. 2009, 4, 32 - 41.



Applications

Enantioselective Hydrogenations

NHAc
CO.Me = O
— RT N . :
? NHAc A NHAG ) =\ enamides and enamines
R =H, alkyl, aryl R =H, 4-Br, Ar Ar'
5-MeO
_Ar
N R? i o . .

| m imines and quinolines

Ar = i
N R
R~ CO:H _
/WGDEH a, B-unsaturated carboxylic
Me :
B OAr acids
R = alkyl or aryl
O o R R
|
O Ar N"R.? Ar)\fm
Ark x'i H ketones and aldehydes
n R = alkyl goup
n=ﬂ1 1: 2 K=CH3 Or{CHz]z

R,, R, = alkyl or aryl

Ding K. et al. Chem. Asian J. 2009, 4, 32 - 41.



Applications

Asymmetric addition of arylboronic acids to aldehydes, imines, and
o-Ketoesters.

J{i [RhCI{?HEﬁF&E{:}:z]EF?h OH
1 + ArB(OH Sic = . -'
ArH or 0°C A TAP
88-98% yield 7
62-87% ee
NTTS [Rh(acac)(C,H,).)/ 7a TS
A+ APB(OH), sic =33 . 2
Ar'” H 35°C AT NA

65-85% yield ™
85-95% ee

O [RhCI(CH,CH.,),],/T¢
Ar, ,OH
RE)H(DH’ + ArB(OH), s/c = 33 _ REA’TDW

25 °C
O O

51-96% yield
10-93% ee

Ding K. et al. Chem. Asian J. 2009, 4, 32 - 41.



Applications

Asymmetric alkylation of aldehydes, a,p-unsaturated ketones or

meso oxabicyclic alkenes.

H Pd(OAc), /19 OH

slc =20 R%

Et,B, 25°C Ph

anti/ syn  50-99% yield **
95:5-99:1 58-83% ee

© Cu(OTf), / ent-db O
+  Et,Zn sfc = 33
0°C
Et

95% yield "

M
Ph DH +

R = aryl or alkyl

97% ee
2 3 2 3
- R R Cu(OTf),/ 4b . R® R OH
jc=33
Iy« e —
=20 °C
R’ R
HP R'E R? R?
R' R? R®=H, Me, or MeO anti
R = Me, Et, or nBu anti | syn
94:6 ~ 99:1

A

Et,B

Pd(0) .u_u_:7_ EtPdOH

CHp=CHz + H.0O

1_., BEt
o 2

2 md
R* R OH

R R! R
OO ®
1 R1

R’ R’
syn

54-90 % yield **
42-88% ee for anfiisomer

Ding K. et al. Chem. Asian J. 2009, 4, 32 - 41.



Applications

Asymmetric hydrovinylation and cyclization of olefin derivatives.

[Ni(allyl)Br{4c)] / NaBAr, P
J\ + — sic=10
A R o >~ « + other products
R rE prpr, o »e Ar R
= Et, nPr, iPr, .
Bu, cCH,, chemoselectivity 76-96% yield™
80- 89 % 70-99% ee

R '\/—. 1 R
Y- Y-
Y—
=]
Y. |+
f-hydride - Q Ni— N(H)C(O)-R
elimin. N\ 4 styrene
= + P N »

. / ethylene
-
27R = C(O)CF,
C(O)Ph 2a

3a

Ding K. et al. Chem. Asian J. 2009, 4, 32 - 41.



Applications

Asymmetric hydrovinylation and cyclization of olefin derivatives.

_ [Rh{(CO)LCL)/ L

——R R
X s+  CO AgSbF, _
fc =1 °
\—\\  atm sic = 16, 80 °C X | =0
R = alkyl or aryl 47-84% o6
ent-10a  56.99% yield"™
50-86% ee
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Applications

Asymmetric hydrovinylation and cyclization of olefin derivatives.
R

/~— R [Rh(cod),]BF, /ent-10a
X + HSIR, s/c = 16 _ 7SR,
W\ 70°C Ao s
X =MsN, NsN TsN, (EtO,C),C, (NC),C 41-93% yield*
R =Hor Me a0
R' = Et, nPr, MeO or EtO, etc. 89 to >99% ee
Me
Me—= "
RySi7 E ,
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Me ||'| =
@Rh—SIiR;
HSIR; I

R,Si Me

Me
E E
RySi7~ E H.
Rh g @
H"'@ Il =

v
KHSSI Me g '/
| E
H‘nh
@ “““/% . .
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Applications

Asymmetric insertion of a-diazoesters into the NH or OH bonds of

amines, phenols, or H,O.

N,

2
R‘JH(DH + ArNH,

O
R' = Me or Et
R* = Me, Et, or {Bu

N,
R,J\WDRE +  ArOH
Q
R' = Me:
R* = Me, Et, or iBu
N,

0
R = Me, Et, iPr, or {Bu

R‘I
CuCl M3 7 NaBAr:

s/c = 20 ArMNJ{NORE
25 °C H 5
78-96% yield ®
85-98% ee
CuCl 13 / NaBAr R
sic = 20 .- Ar * _OR?
25°C O
O
70-88% yield
95 to >99% ee
CuSO, 113 / NaBAr, OH
s/c = 20 _ ){H/DR
40°C Ar
0
81-92% yield
86-94% ee

Ding K. et al. Chem. Asian J. 2009, 4, 32 - 41.



Applications

Application of chiral spirol ligands as organocatalyst.

(A) . 10%(molar fraction)
R Pt . _
(S)-SITCP R.z=2,

s . " . N
\. K 50% PhCOOH or RSV g7 By
OH S~COOEt 50% 2-BrCcH.COOH 0 COOE:

55 °C or 50 °C |
om0t Up to 90% vield !
THF or [ »~OMe Up 1o 94% :

Jo €.€,

-

10%{(molar fraction) R,z=

{_\ (S)-SITCP ‘) &{\ :
NHR COOR? 50% 2.4-Dimethoxyphenol COOR?2 (S)-SITCP

CPME, 60 °C NR ' 64

Up to 78% vield
Up to 94% e.e.
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Ding K. et al. Chem. Asian J. 2009, 4, 32 - 41.
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