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Advances of Chiral Spiro Skeleton-Based Bisnitrogen Ligands in
Transition-Metal Catalysis

Hu, Xudong Zhang, Xinliang Liu, Wenbo™
(College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072)

Abstract Chiral spiro skeletons are recognized as a class of “privileged structures” of ligands. Studies toward these spiro
ligands have significantly advanced the field of asymmetric catalysis. Bisnitrogen ligands bearing chiral spiro skeletons are
reviewed and categorized according to the type of spirocyclic skeletons, including spiro[4.4]nonane-based bis(isoxazoline)
ligands (SPRIX), spirobiindane-based bis(oxazoline) ligands (SpiroBox), spirobi(chroman)-based bis(amine) or bis(oxazoline)
ligands (SPANamine or SPANBox), and spirocyclic pyrrolidine oxazoline ligands (SPDO). The synthesis and application of
these four types of ligands and their applications in transition-metal catalysis are discussed in detail. Compared with the pow-
erful and widely utilized chiral sprio phosphine ligands, the availability and application of spiro bisnitrogen ligands are rela-
tively limited. Nevertheless, their features such as stability under acidic conditions and/or in the presence of an oxidant, supe-
rior capability of catalyzing carbene insertion into heteroatom-hydrogen bonds, provide insights and inspirations to the devel-
opment of novel catalytic systems in asymmetric synthesis.

Keywords chiral spiro ligands; bisnitrogen ligands; asymmetric synthesis; transition-metal catalysis
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Figure 1 Representative structures of chiral spiro skeleton-
based bisnitrogen ligands
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Scheme 1 Synthesis of spiro bis(isoxazoline) ligands (SPRIX) and their applications in Pd-catalyzed Wacker-typed reactions
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OBz P '

~_- 0Bz 0
© OBz OBz
2a 2b 2c
Entry Yield of 2a/2b/2¢ ee of 2a/2b/2¢
14 65%/5%/26% 95%/45%/60%
20 79%/5%/11% 68%/26%/31%
3¢ 89%/3%/8% 82%/36%/57%

2 DCM as solvent. “MeOH as solvent.“DCM/MeOH (V' : V=1 : 1) as solvent
and 10% Pd(TFA), was used.

OBz

OBz

21

Bz 2 BEPR XU M PRI 4 (SPRIX) 75 41 PR £ F 8 BRI A 5

R+ 9 2
Scheme 2 Application of spiro bis(isoxazoline) ligands (SPR-
IX) in Pd-catalyzed tandem cyclization reaction
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Scheme 3  Applications of Pd/SPRIX catalytic system in asym-
metric amino-palladation and oxo-palladation reactions
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Scheme 4 Pd/SPRIX-catalyzed asymmetric oxidative cyclization of enynes
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Scheme 5 Pd/SPRIX-catalyzed asymmetric C—H activation/alkylation of indoles
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Scheme 6 Spiro[4.4]nonane-based bis(oxazoline) and bis(pyra-
zole) ligands
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2 Cu(MeCN)4PFs (Ra,S,S)-Ph-SpiroBox 95 5
3 CuCl (8a,S,S)-Ph-SpiroBox 15 rac
4 CuCl/NaBARF (Sa,S,S)-Ph-SpiroBox 94 98
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Scheme 7 Synthesis of spirobiindane-based bis(oxazoline) ligands and their applications in insertion of carbenoids into N—H bonds
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Scheme 8 Cu/SpiroBox-catalyzed enantioselective insertion of carbenoids into N—H bonds

o-FEAFEX N—H (X=C, N, O, S %)%z [{14 N\ [ i
R o-FHMRER)IEE @7 Hd, X N—H
AR AT LS R RRAT AR I O A . 2007 4F,
JE H AR BAROR3E T Cu/SpiroBox 14 ZUEAL I o- B & 5
PRI N—H BRI BN RN, TR, F
PE 0N (Sa,S,S) L AATE B A A B DTS, mT DL &5
e TSR NP S ik 2 TN OO S AR = R AT
U Scheme 7B fizw, 8 H CuCl AN £ FERARK [ N 1 7= 3,
i 5% A FHE SRR, mEA CuCl A1 NaBARF
JERAE i £ T CuBARF JUI AT LATS 21| 94% IS AT 98% ee
T 150 B A ) A R A 9 T PR R /N R A 1 2
P8 A AP ¥ DAL Vivke o R W VAC WA N B DI N
R (R C S 251, RS2 P A 77 R 0 R B F 3% e

3106 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

FUALBRCR. EJRYE M, Z& N LS R
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B, N o-FREEBE G AR T — R IL R B . 5
N—H 45 SN 2L, (Sa,S,S) KT (e Ak EL A 58 47 Fr ot
WOERRIES S Re ). [EAR M, I —%% LT
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BRI LG VEAL F5, H A2 B (1 ) B 328 8 1 JE o %
(Scheme 9), IXEIR | HET 1B ZEAE LA XS FR AL

HARE M, 107 E ] DU A R a- A a- K5
P, 3 K TR S 50 0 1100 A5 FHL 2 Wl B A S 1 %o e a2 ¢
P, oo EE BURR AT DAARAS, {2 S L PR 0] Bk 36 18 ik
el

S, MR 4 Ak & T #il/SpiroBox 4
ZAEAL )R =X O—H 8157 PRI 43 T (B AN KRR dei
AJBi(Scheme 10). i AR T RBIN o-FHE
P, 851 O—H $4h N ST+ 1 2- IR FE PRI 1) =y

Ny [Cu] (5 mol%) OH
OMe ligand (6 mol%)
NaBARF (6 mol%) OMe
le} + HQO
solvent, T °C (0]
O (0] — o]
\j OO :>"'Ph N N
o= N7 "Pn :: NN T
N Z Ph O
Y S Sz oallle'
Ph y
1)
(S.S)-Ph-Box (Ra,S,S)-Ph-BinaBox Pr(s.S)- PPr -PyBox
Entry [Cu] Ligand Solvent T Yield/% ee/%
1 CuCl (Sa,S.,S)-Ph-SpiroBox CH:Clz 10 76 42
2 CuCl (Ra,S,S)-Ph-SpiroBox CH:Cl2 10 36 13
3 CuCl (S,S)-Ph-Box CH:Clz 10 81 11
4 CuCl (Sa,S,S)-Ph-BinaBox CH:Clz 10 71 0
5 CuCl (Ra,S,S)-Ph-BinaBox CH:Cl2 10 69 0
6 CuCl (S,9)-"Pr-PyBox CH:Cl2 10 51 0
7 CuSO4 (Sa,S,S)-Ph-SpiroBox CHCl3 40 91 90
B 9 Cu/SpiroBox i1k K FEX K41 O—H BFIRITFRIEAN [
Scheme 9 Cu/SpiroBox-catalyzed enantioselective insertion of carbenoids into O—H bonds of water
CuOTf (5 mol%)
A OH § ; o
(Sa,S,S)-'Bu-SpiroBox (6 mol%) N o
) P N, NaBARF (6 mol%) R%-(- ]\/M\/‘\
R N COR] CH,Cly, 25°C YT TCOLR!
2 n=01,2
@3 s, % -
CO,Bn
CO,Bn CO,Bn CO,Me Q‘ 2 COzBn
80% yield, 93% ee 89% yield, 90% ee 95% yield, 92% ee 80% vyield, 93% ee 70% yield, 83% ee
B (CuOTf),-toluene (5 mol%)
N, (Sa,S,S)-Pr-SpiroBox (6 mol%) OR?2
. _ome NaBARF (6 mol%) A _ome
R "PC + R20OH R Nom
11 OM CH,Cl,, 25 °C o °Me
O'Pr o
OMe p-OMe prOMe e ome
u “OMe u OMe || ~OMe " “OMe u\o|v|e
(0]
89% vyield, 91% ee 19% vyield, 89% ee 81% vyield, 38% ee 83% vyield, 84% ee < 10% yield
BIX 10 Cu/SpiroBox {4k = FEXFBE O—H B 1 AXS PR N Js B
Scheme 10 Cu/SpiroBox-catalyzed enantioselective insertion of carbenoids into O—H bonds of alcohols
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AlRE S ELIE T EMEAL A, AHEL O—H 8, IEE RN
REERE S—H BEAN TR AN SN IR XS B e 43 P | A
HA PR
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772 CERTEXT O—H BRGNS (Scheme 12A). %%
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PR, SR RIE /K O—H AR, I
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Jo 3 EE BRI, ik AT W 5 R F(76% ee). %7
ERIEYE D T B G R AL TR, M a-FER
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Entry Ligand Yield/% eel%

1 (Sa,S,S)-Ph-SpiroBox 82 81
2 (Ra,S,S)-Ph-SpiroBox 72 9
3 (Sa,S,S)-Ph-BinaBox 46 0
4 (Ra,S,S)-Ph-BinaBox 72 0
5 (S,5)-Bu-Box 58 22

Bz 11 Cuw/SpiroBox LR EXF S—H 48 A XS R AN R L

Scheme 11 Cu/SpiroBox-catalyzed enantioselective insertion of carbenoids into S—H bonds
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O"Bu o'Pr

OMe
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Scheme 12 Fe/SpiroBox-catalyzed enantioselective insertion of carbenoids into O—H bonds
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Scheme 13 Fe/SpiroBox-catalyzed enantioselective insertion of carbenoids into O—H bonds of phenols
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Scheme 15 Fe/HMSI-Box-catalyzed enantioselective insertion of carbenoids into Si—H bonds
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Scheme 17 Cu or Fe-catalyzed enantioselective intramolecular cyclopropanation of a-diazo-arylacetates and indoles
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Scheme 23 Cu/SPDO-catalyzed enantioselective oxidative cross-coupling reaction of f-naphthols
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