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Highly Diastereo- and Enantioselective Pd-Catalyzed
Spiroaminoalkylation: One-Step Construction of Multifunctional

Angular Polycyclic Amines

Min Yu*, Yangkun Zhou™, and Hanmin Huang*
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Abstract: Angular polycycles are ubiquitous in natural
products with significant biological properties. How-
ever, the straightforward catalytic asymmetric synthesis
of spirocyclic scaffolds with multiple stereogenic cen-
ters from readily available starting materials remains
largely underdeveloped and a formidable challenge.
Using the aminoalkyl cyclopalladated complex as the
key intermediate, we report herein the first example of
diastereo- and enantioselective multifunctional angular
tetracyclic- and pentacyclic amines synthesis through
palladium-catalyzed spiroaminoalkylation/allylic substi-
tution reaction (up to 92% yield, up to 99% ee). The
synthetic versatility of this methodology is underscored
by the efficient synthesis of chiral phosphine ligands,
which further demonstrates its robust utility in concisely

constructing versatile chiral ligands.

J

S piro rings such as piperidine and pyrrolidine-containing
angular tetracyclic and pentacyclic are privileged structural
motifs found in numerous natural products and pharmaceu-
tically active molecules (Scheme 1).'?! Furthermore, such
motifs significantly impact the physicochemical and biological
properties of organic molecules. As such, the incorporation of
a spiro ring system into clinical drug candidates has emerged
as a widely used strategy in drug design and development.l>-]
On the other hand, chiral angular molecules have been
demonstrated to be as effective skeletons of chiral ligands
in asymmetric catalysis chemistry.[%”] For example, the chiral
diphosphines (SKP) invented by Ding have proved to be
excellent and versatile chiral ligands for many transition-
metal catalyzed enantioselective reactions.[®° This distinc-
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tive molecular structure along with biologically interesting
activities of these molecules has inspired enormous synthetic
investigations. In this context, various approaches to access
these angular polycycles are based on the intramolecular
condensation of functionalized linear precursors.l''"!71 How-
ever, construction of the functional chain precursors could be
challenging, although successful examples have been reported
recently.['®?"] Furthermore, the synthesis of these spiroamine
frameworks in an enantioselective manner is much more
challenging. Thus, the development of novel strategies for
efficient catalytic asymmetric construction of these angular
skeletons from readily available starting materials is still in
great demand.

The development of new and efficient reactions is a
fundamental goal and challenge in synthetic organic chem-
istry. Key to this is the discovery and identification of novel
and versatile reactive intermediates and insights into the
fundamental transformation of these intermediates.[’*3?] In
the past decade, our group has discovered that the unique
aminoalkyl cyclopalladated complex (Huang complex) gen-
erated via oxidative addition of aminal or its surrogate
with Pd(0) could be utilized as a leading complex to guide
the development of diverse catalytic transformations for
constructing C—C and C—X bonds.[*3-3%] Salicylaldehydes and
aminodienes are readily available and serve as very important
starting materials in organic synthesis. Oxidative addition of
the N,O-acetal of salicylaldehyde and aminodiene could pro-
duce highly reactive cyclopalladated intermediates, leading
to establishing efficient aminoalkylative cyclization reactions
for construction of chiral heterocycles bearing multiple
contiguous stereocenters, in which the C—N bond metathesis
and dynamic kinetic resolution (DKR) were involved to

Ph,P

PPh, Ph,P

Erysotrine SKP

P, N ligand

Scheme 1. Examples of nature products and chiral ligands bearing
angular polycycle.
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Scheme 2. Pd-catalyzed enantio- and diastereoselective
spiroaminoalkylation.

guarantee high stereoselectivity.[’”*8] Based on these findings,
we envisaged that a tandem spiroaminoalkylation/allylic
substitution reaction might be also established once amine-
tethered cyclic diene was utilized as coupling partner, which
will provide direct access to the desired angular skeleton
(Scheme 2). Despite the bulkiness of the cyclopalladated
intermediate and energetic barrier encountered during the
spirocyclization process, the spiroaminoalkylation and allylic
substitution processes proceeded very well. Herein, we report
such an efficient asymmetric synthesis of these unique
tetracyclic and pentacyclic spiroamines via Pd(0)-catalyzed
intermolecular spiroaminoalkylation/allylic substitution. The
new protocol was found to be general for a wide range of
substrates and successfully applied in the synthesis of chiral
phosphine ligands.

To test the above hypothesis, a model reaction of amine-
tethered cyclohexa-1,3-diene 1la and salicylaldehyde 2a was
conducted at 80 °C under the palladium catalysis. A variety
of commercially available chiral ligands were first examined
with Pd(acac), as the catalyst precursor (Table 1, entries 1-
5). Tt was found that electron-deficient ligand (S)-L2 gave
the best results, furnishing the desired piperidine product
3 in 78% yield with 94:6 dr and 94% ee. The absolute
configurations of the major product (S,R,R)-3 and minor
product (S,R,S)-3’ were determined by X-ray diffraction anal-
ysis, respectively.[*’] By contrast, electron-rich bisphosphine
ligands L3, L4 and LS led to diminished reactivities and
selectivities (Table 1, entries 3-5). Based on these results,
we then shifted to optimize the palladium precursor with
phosphoramidite (S)-L2 as the chiral ligand (Table 1, entries
6—9). The results demonstrated that Pd(acac), was still
the optimal catalyst precursor for this cycloaddition reac-
tion, while other catalyst precursors, such as [Pd(allyl)Cl],,
Pd(TFA),, Pd(OAc),, and Pd,(dba); showed lower catalytic
efficiency. Further screening of different counterions did not
improve the reaction efficiency (see Supporting Information
for details). For example, the desired product 3 was obtained
in decreased yields, albeit with comparable enantioselec-
tivities when the catalytic reaction was performed in the
presence of AgOTf. Subsequently, some common solvents
were examined, and found that the best result was obtained
when the PhCF; was utilized as the solvent (Table 1, entries
10-13). Notably, the ee value of the desired product 3 could
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Table 1: Optimization of the reaction conditions.?)

@[ [Pd]/ L* @
.

CHO
Bn

solvent
NHBn 80°C, 12h ., >

1a 2a
Yield 3

Entry Pd L#* solvent (%) dr (3:3)  ee (%)
1 Pd(acac);  (S)-L1 DCM 23 86:14 93

2 Pd(acac),  (S)-L2 DCM 78 94:6 94

3 Pd(acac), (R, Sp)-L3 DCM 37 93:7 27
4 Pd(acac),  (S)-L4 DCM 14 91:9 —55
5 Pd(acac), (S)-L5 DCM 9 85:15 —51
6 [Pd(allyl)Cl,  (S)-L2 DCM 44 91:9 99
7 Pd(TFA), (S)-L2 DCM 73 88:12 98
8 Pd(OAc);  (S)-L2 DCM 75 89:11 98
9 Pd, (dba)s (S)-L2 DCM 48 85:15 97
10 Pd(acac),;  (S)-L2 MeCN 40 96:4 96
n Pd(acac), (S)-L2 THF 22 89:11 99
12 Pd(acac),  (S)-L2 DCE 94 93:7 93
13 Pd(acac), (S)-L2 PhCF; 90 91:9 94
14Y  pd(aca ) (S)-L2 Pth3 92 92:8 >99

‘O NMe2 PPh, MeO O PPh,
Fe PPh; PPh, MeO. PPh,
‘O : ~PPh, O

(S)-L1 : based on BINOL

R, S,)-L3 R)-L4 R)-L5
(S)-L2 : based on Hg-BINOL (R. Sp) R ®

3) Reaction conditions: Ta (0.20 mmol), 2a (0.24 mmol), [Pd] (5 or 2.5
mol%), ligand (6 or 12 mol%), solvent (1.0 mL) at 80 °C for 12 h,
isolated yield. The d.r. value was determined by GC analysis. The ee
value was determined by HPLC analysis with a chiral column. ® 70 °C.

be further improved to >99% by lowering the reaction
temperature to 70 °C (Table 1, entry 14).

To explore the scope of this palladium-catalyzed cycload-
dition process, various substituted salicylaldehydes were
coupled with amine-tethered cyclohexa-1,3-diene 1a under
the optimized reaction conditions (Table 2). As shown
in Table 2, both electron-rich and electron-deficient sal-
icylaldehydes were compatible with the reaction system,
affording the corresponding products in good to excellent
yields (62-92% yields) with excellent diastereo- (>20:1 dr)
and enantioselectivities (97-99% ee). The electronic factor
had negligible effect on this reaction, as strongly electron-
withdrawing substituents or donating groups like -NO,
and —OMe afforded their corresponding spiro tetracyclic
piperidines (16, 7 and 8) in good yields with perfect
stereoselectivities. Significantly, both ortho-, meta- and para-
substituted salicylaldehydes were converted into the desired
products in good yields with excellent selectivities. To our
delight, 3-hydroxypicolinaldehyde, bearing a hydroxy-group
with lower nucleophilicity, was also compatible with this reac-
tion to afford the pyridine-containing product 17 in 63% yield
with 98% ee and >20:1 diastereoselectivity under slightly
modified reaction conditions. These observations suggested
a distinct mechanism for the allylic substitution-mediated
cyclization compared to our prior studies.’”] Unfortunately,
2-bromo-6-hydroxybenzaldehyde failed to yield the desired
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Table 2: Substrate scope of the asymmetric spiroaminoalkylation for construction of [6-6-6] polycycles.
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Pd(acac);, (5 mol%)

3,92%
92:8 d.r.,, >99% ee

: OMe
o

8, 62%
>20:1d.r, 98% ee

15,70%
>20:1d.r., 98% ee

19, 74%
>20:1d.r., 96% ee

2

25, R =Cl, 80%
>20:1d.r., 97% ee
26, R = OMe, 78%
>20:1d.r., >99% ee

OMe
Of = Bn
C%
32, 89%
>20:1d.r., 97% ee

XH

X-ray structure of 3

9, R = OMOM, 70%
>20:1 d.r., 99% ee?
10,R=F, 78%
>20:1d.r., 98% ee

16, 72%
>20:1d.r., 98% ee

20,77%
>20:1d.r., 94% ee

Y
G/JN Ph

27, 86%
90:10 d.r., 97% ee

2

33, R=Cl, 65%
>20:1d.r.,, 98% ee

34, R = OMe, 87%
>20:1d.r,, >99% ee

(S)-L2 (12 mol%)

PhCF3,70°C,12h

Salicylaldehydes

4,79%
94:6 d.r., 98% ee?

o
o = Bn

11,81%
>20:1d.r, 97% ee

17, 63%
>20:1 d.r., 98% ee®

21, 71%
>20:1d.r., 94% ee

5, 74%
94:6 d.r., >99% ee

F

12, 77%
>20:1d.r., 99% ee

22, 71%
>20:1d.r, 99% ee

Aminodienes

D&
CVE

28, 62%
>20:1d.r., 94% ee

35,70%
>20:1d.r., 94% ee

.
2

29, 81%
>20:1d.r., 98% ee

>20:1d.r., 90% ee

Me

6, 78%
94:6 d.r,, 97% ee

13, 73%
>20:1d.r., 98% ee
Biologically active aldehyde

18, with (S)-L2
78%, 93:7 dr

23,78%
>20:1d.r., 98% ee

o©

Me
30, 85%
>20:1d.r., 97% ee

F
37,79%
>20:1d.r., 98% ee

S oeilly

(S)-L2

OMe

7,73%
>20:1d.r,, 99% ee

oy

B Bn

14, 77%
>20:1d.r, 99% ee

18', with (R)-L2
71%, 94:6 dr

24, 87%
>20:1d.r., 98% ee

F
31, 90%
>20:1d.r, 99% ee

38,81%
>20:1d.r., 95% ee

Reaction conditions: 1 (0.20 mmol), 2 (0.24 mmol), Pd(acac); (5 mol%), (S)-L2 (12 mol%), PhCF3 (1.0 mL), 70 °C, 12 h, isolated yield. The d.r. value
was determined by 'H NMR analysis. The ee value was determined by chiral HPLC analysis. 2 24 h. ® [Pd(allyl)Cl]; (2.5 mol%) and dioxane (1.0 mL)

were used.
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Table 3: Substrate scope of the asymmetric spiroaminoalkylation for
construction of [6-6-5] polycycles.

CHO Pd(acac);, (5 mol%)
. (8)-L2 (12 mol%) XY g

NHR PhCF3, 70 °C, 12 h

2

b @ O

39, 86% 40, 81% 41, 85%
>20:1d.r., >99% ee X-ray structure of 39 >20:1d.r., 96% ee >20:1d.r., 98% ee

QOME @W O OC.

42, 81% 43, 82% 44, 84% 45, 81%
>20:1d.r, 95% ee  >20:1d.r, 96% ee >20:1d.r., 94% ee >20:1d.r, 91% ee

@Br m O
46, 72% 47, 77% 48, 82% 49, 88%
>20:1d.r., 95% ee?® >20:1d.r, 96% ee  >20:1d.r, 97% ee >20:1d.r., 94% ee

: Me : Cl
TsN

50, 92% 51, 93% 52, 83%
>20:1d.r., 94% ee >20:1d.r., 96% ee >20:1d.r.,, 93% ee

0 0 0
TsN TsN” Y OMe MsN

53, 78% 54, 77% 55, 85%
>20:1d.r., 92% ee >20:1d.r, 91% ee? >20:1d.r., 90% ee

Reaction conditions: 1 (0.20 mmol), 2 (0.24 mmol), Pd(acac); (5 mol%),
(S)-L2 (12 mol%), PhCF3 (1.0 mL), 70 °C, 12 h, isolated yield. The d.r.

value was determined by "H NMR analysis. The ee value was determined
by chiral HPLC analysis. 2 Pd(TFA), (5 mol%) was used. ®) 60 °C, 24 h.

product. In addition, the protocol also enabled the late-
stage modification of bioactive estrone derivative, providing
the corresponding products (18 and 18') in good yields with
high diastereoselectivity. Apart from salicylaldehyde deriva-
tives, the sulfamide-containing aromatic aldehydes are also
applicable coupling partners for this transformation to afford
a variety of tetracyclic acridines bearing three consecutive
chiral centers. As expected, good reaction efficiencies (71—
87% yields) as well as excellent stereoselectivities (>20:1
diastereoselectivities and 94-99% ee) were obtained for sub-
strates comprising substituted aromatic rings or naphthalene
(19-24).

Next, the scope of amine-tethered cyclohexa-1,3-diene
was also examined (Table 3). A series of amine-tethered
cyclohexa-1,3-dienes derived from benzylamines and simple
aliphatic amines were examined. Substituted benzylamines

Angew. Chem. Int. Ed. 2025, €22191 (4 of 7)
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a)
@OMOM Hoveyda- O»OMOM
oY Grubbs 2" oY H2S04

FNB NaBH, BN THF/MeOH
2 CH,CICH,CI/MeOH D i, 12h

rt, 12 h

9,99% ee 56, 72% yield
O’OH QOTf Pd(OAc),/dppb
o Y Tf,0, pyridine o Y Ph,P(O)H
: .Bh —=——  » : _ _Bn
6/” DCM, 0 °C- rt dﬁN iPr,NEt, DMSO
J 5h ) 100 °C, 24 h

57, 85% yield

( )>P O)Ph
OPh2 i iCly
f mesnylene

140°C,3h
59, 66% yield

58, 89% yield

o
o

60, 95% yield

X-ray structure of 60

! @ @
"ByLj
Pt/C
Hy (atm) @Br _PhPCI PPh,
- N-Bn EtOAc . N-Bn THF " N-Bn
J 1, 24 h J -78 Crt J

61, 81% yield 62, 64% yield

c) 7
\ Hoveyda- Pd/C
_Grubbs 2 ond H2 (20 atm) y
: —Bn " NeBH;, N—B” " MeoH P NH
< > CH,CICH,CI EtOAc /
J J 70°C,8h -

MeOH
48, 97% ee i, 12 h 63, 50% yield 64, 57% yield
d) /\/CED\AC N __[PaallyCIl,/60 o 62 /\/N’\u
+
Ph . Ph base, DCM, -20 °C- rt Ph Ph

5

NHPh NHBn MeO,C._CO,Me

: \, :

PR N"pp PR ph PR "pp
66 67 68

with 60, 65% vyield, 79% ee with 60, 77% yield, 80% ee with 60, 97% yield, 95% ee
with 62, 90% vyield, 87% ee with 62, 49% yield, 63% ee with 62, 98% yield, 90% ee

Figure 1. Synthetic applications. a, b) The synthesis of chiral spiro P,
N-ligands. c) The synthesis of chiral spiro N, N-ligand. d) The
applications of P, N-ligands.

and simple aliphatic amines as well as thiophene-containing
amine could undergo the desired reaction smoothly, furnish-
ing the desired spiro products (25-28, 33-34) in good yields
with excellent enantioselectivities (94->99% ee). Motivated
by these results, we sought to extend this cycloaddition
reaction to construct more rigid polycyclic scaffolds. As
expected, aryl-tethered aminodienes were also compatible
with this catalytic system, affording the corresponding pen-
tacyclic acridines (29-32, 35-38) in good to excellent yields
with excellent diastereo- and enantioselectivities (>20:1 dr
and 90-99% ee).

Following the successful accomplishment of the diastereo-
and enantioselective construction of [6-6-6] spiro heterocy-
cles, our focus subsequently shifted to expanding this strategy
to forge [6-6-5] chiral polycycles (Table 3). Similarly, a
range of substituted salicylaldehydes reacted smoothly with
N-alkyl-2-(cyclohexa-1,3-dien-1-yl)ethan-1-amine, delivering
the desired rigid spiro compounds (39-47) in good yields with
91->99% ee and >20:1 d.r. In particular, 7-hydroxyquinoline-
8-carbaldehyde could also be successfully converted to the

© 2025 Wiley-VCH GmbH
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"0
MeO Y g,
.
©[> 70°C, 12h

69, X = OMe, 39% yield
>20:1d.r., 99% ee

Pd(acac), CHO Pd(acac); O )
(S)-L2 . @: (S)-L2 H Y g, / CHO D : Bn
PhCF, NHBn X PhCF, PN o . @i _ standard N

70°C,12h @Q NHBn OH conditions -, ;
1a 2 D
2a

70, X = H, 17% yield
>20:1d.r,, 98% ee

b) S~
b D ) >?5%) O
(D >95% o

Ao

(D>95%)  29-d,, 83% yield

H inner sphere +

|
0 |
OD? ,Bn
—N

outer sphere

.0

o. 9 Y pn N cHo D, HY Bn oms D MDY  Bn+pd-HD H
N, D Pdp 340N e @fr« _
g OH
s O 2l = Sl
£ D T =
D ; [Pdf] H
29-d; 16-ds 2 vi Vil vill
l[Pd] +[Pd]-D| -[Pd]-D [Pd]-H
) e () 0 o) 0
oPdl ¥ en patha oPd, T B PAME Y Bnpd-Dp HO ¥ gn D Y Bn o § ¢ Bn
N N G-T-G (Pd] N —N [Pd]/, N —— N
*Pd}-D -[Pd}-H :/<\
D™ D~ D= 4 D7
D D D D D'h H
I 1 m v v 29-d,
C) @
©:CHO standard conditions o
+ _ = : Bn
NHBn OH @/ N>
1a 2a 3
100 4 %
y = 1.0245x + 0.464 p
R*=0.9921
= 80 A P
e
Lag}
B 60 -
b=l
2
=9
g 40 »
g .
v
20
0 : .
0 50 100
ee of L2 (%)

Scheme 3. Mechanism investigations. a) Control experiments. b) Isotopic-labelling experiment. c) Nonlinear effect study. d) Proposed mechanism.

desired product 48 in 82% yield with 97% ee. Moreover,
the present reaction demonstrated broad compatibility with
various sulfamide-containing aromatic aldehydes, as indicated
by the successful construction of diaza [6-6-5] spiro products
(49-55). Notably, the absolute configuration of product 39,
confirmed by X-ray diffraction analysis, aligned with that of
the spiro [6-6-6] polycycles.*"]

Spirocyclic backbone-based ligands are well-known for
their broad applicability in metal-catalyzed asymmetric
transformations.[*] Consequently, the following efforts were
focused on verifying the potential of spirocyclic products as
versatile scaffolds to prepare new chiral spirocyclic ligands
(Figure 1). First, the gram-scale reaction of 1a and 2g was
performed under standard conditions, and the desired product
9 was obtained in 69% yield without loss of enantioselectivity
(see Supporting Information). Subsequent hydrogenation and

Angew. Chem. Int. Ed. 2025, €22191 (5 of 7)

deprotection of 9 delivered the chiral phenol 57.4!] Triflation
of 57 afforded triflated product 58, which was then coupled
with phosphine oxide in the presence of Pd(OAc),/dppb to
give the chiral spiro phosphine oxide 59 in 66% yield.[**]
Finally, reduction of phosphine oxide 59 afforded the desired
chiral phosphine 60 in 95% yield.[*’] The structure of 60
was further confirmed by single crystal X-ray diffraction
analysis (Figure 1a).[*1 Alternatively, P, N-ligand 62 could
be readily prepared by a two-step transformation from
brominated product 46 (Figure 1b). Besides, the downstream
transformation of quinoline-containing 48 also provided
concise access to spirocyclic diamine ligand 64! via hydro-
genation and debenzylation processes*#] (Figure 1c). To
demonstrate the effectiveness of the newly developed chiral
P, N-ligands in asymmetric catalysis, palladium catalyzed
Tsuji-Trost reactions were conducted.l’**] By using (E)-1,3-

© 2025 Wiley-VCH GmbH
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diphenylallyl acetate 65 as model substrate, the asymmetric
allylic amination was tested and the corresponding allylic
amines 66 and 67 were obtained in 49-90% yields and 63—
87% ee. To our delight, the asymmetric allylic alkylation could
also proceed smoothly, delivering the desired product 68 in
97-98% yields with 90-95% ee when dimethyl malonate was
used as a coupling partner (Figure 1d).

A series of experiments were performed to shed light
on the mechanism of this transformation. Several con-
trol experiments were conducted to explore the necessity
of the hydrogen-bonding effect exerted by salicylaldehyde
substrates (Scheme 3a). When the hydroxyl group of sal-
icylaldehyde 2a was replaced by a methoxyl or hydrogen
atom, spiro diene products (69 and 70) were formed with
excellent enantioselectivities, in which 8-H elimination of
allylpalladium intermediate took place instead of allylic
substitution, implying that hydrogen-bonding was not cru-
cial to the migratory insertion step. To further investigate
the specific process of intramolecular cyclization of the
allyl palladium intermediate (outer-sphere versus inner-
sphere),[*>] an isotope labeling experiment was conducted.
As outlined in Scheme 3b, the distinction between the
two processes lies in whether palladium-hydrogen species
are involved in the formation of product.’’?] The outer-
sphere cyclization most likely undergoes sequential B-H
elimination and re-insertion to realize the interconversion
of allylpalladium complexes (I to V), which may produce
Pd-H species leading to H/D scrambling. In contrast, the
inner-sphere cyclization directly produces a single isotope-
labeled product via the reductive elimination process. As
expected, the corresponding deuterated product (29-ds) was
obtained in 83% yield with no loss of deuterium content
when a deuterium-labeled cyclic aminodiene (1f-d;) was
subjected to our standard conditions, which supported the
inner-sphere allylation pathway. Furthermore, a good linear
relationship between the enantiopurities of the product 3
and the chiral ligand (S)-L2 was observed, which revealed
a palladium complex bearing one equivalent of L2 might
work as a reactive species (Scheme 3c).[* In addition, the
HRMS analysis of the reaction mixture suggested that allylic
palladium C and Pd(0) intermediate were generated in the
reaction system (see Supporting Information). On the basis
of these experimental results and our previous reports,3>4]
a plausible catalytic cycle was proposed (Scheme 3d). First,
the condensation of amine-tethered cyclohexa-1,3-diene la
with salicylaldehyde 2a produces racemic N,O-hemiacetal
A, where the two enantiomers can interconvert to each
other via rapid condensation-hydrolysis. Then, A undergoes
oxidative addition with Pd(0), generating cyclopalladated
complex B featuring different configurations ((S,Sca) versus
(R,Sca)).- Among them, (R,Scy)-B is dominantly generated
via dynamic kinetic resolution to undergo the intramolecular
diene insertion delivering allylpalladium C. Subsequently
the oxygen-bound allylpalladium intermediate D is formed,
which undergoes reductive elimination to produce the desired
product 3.

In summary, we have developed a novel modular
and effective Pd-catalyzed domino process, initiated via
aminoalkylpalladium species directed spiroaminoalkylation
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and followed by allylic substitution process. Remarkably,
the protocol provides the most expedient and effective con-
struction of chiral tetracyclic and pentacyclic spiroamines in
one-step under mild and operationally convenient conditions.
High stereoselectivity was observed for a broad range of
products of various ring sizes, incorporating heteroatoms
and additional substituents. These chiral scaffolds presented
significant potential as a versatile platform for the design of
chiral ligands. Further studies regarding the development of
related transformations and developing novel chiral ligands
based on these rigid angular skeletons as well as their
applications are currently underway in our laboratory.
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