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Synthesis of Chiral Triarylmethanes Bearing All-Carbon Quaternary
Stereocenters: Catalytic Asymmetric Oxidative Cross-Coupling of 2,2-
Diarylacetonitriles and (Hetero)arenes

Zehua Wang", Yasheng Zhu', Xiaoguang Pan, Gang Wang, and Lei Liu*

Abstract: A direct and enantioselective oxidative cross-cou-
pling of racemic 2,2-diarylacetonitriles with electron-rich
(hetero)arenes has been described, which allows for efficient
construction of triarylmethanes bearing all-carbon quaternary
stereocenters with excellent chemo- and enantioselectivity. The
reaction has an excellent functional group tolerance, and
exhibits a broad scope with respect to both 2,2-diarylacetoni-
trile and (hetero)arene components. The rich chemistry of the
cyano group allows for facile synthesis of other valuable chiral
triarylmethanes bearing all-carbon quaternary centers that are
otherwise difficult to access.

-rriarylmethanes are important structural motifs in medicinal
chemistry, materials science, and organic synthesis.'! How-
ever, catalytic asymmetric synthesis of these molecules has
been a longstanding challenge owing to the lack of sufficient
steric difference between the aryl rings.”? Since the pioneering
work by Yu and co-workers,”) a couple of delicate strategies
for enantioselective preparation of triarylmethanes bearing
tertiary stereocenters have been disclosed.**! However,
asymmetric construction of triarylmethanes containing all-
carbon quaternary stereocenters remains underexplored,
presumably because of the inherently unfavorable steric
hindrance.”” In this context, Sun developed an elegant
enantioselective arylation of 1,1-diaryl tertiary alcohol or
1,1-diarylalkene moieties with heteroarenes, in which pre-
functionlization of the substrate is indispensable (Sche-
me 1A).F

Nitriles are common structural features spread across
bioactive natural products and synthetic pharmaceuticals. In
addition, nitrile moieties can also serve as valuable building
blocks because of their robust transformable properties.”!
Existing studies on enantioselective construction of cyano-
substituted all-carbon quaternary stereocenters predomi-
nantly adopted a-nitrile carbanion chemistry involving the
cyano-bearing component as a nucleophile (Scheme 1B).1%!
In contrast, asymmetric oxidative coupling of two different
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A) Asymmetric construction of triaryl-substituted all-carbon quaternary center (Ref. [8])
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B) Asymmetric construction of cyano-substituted all-carbon quaternary center (Ref. [10])
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C) Oxidative coupling for triaryl-cyano substituted all-carbon quaternary center (this work)
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Scheme 1. Overview of enantioselective construction of triaryl-substi-
tuted and cyano-substituted all-carbon quaternary centers.

C—H components for quaternary all-carbon center formation
has remained understudied.!'” Herein, we report a direct
and asymmetric oxidative cross-coupling of racemic 2,2-
diarylacetonitriles with a range of electron-rich (hetero)ar-
enes for efficient construction of triaryl-cyano-substituted all-
carbon quaternary stereocenters (Scheme 1C). Further
manipulation of the nitrile moiety affords a platform to
access other valuable chiral triarylmethanes bearing all-
carbon quaternary centers that are otherwise difficult to
access.

Asymmetric cross-coupling of the racemic 2,2-diarylace-
tonitrile 1a with the indole 2 a was initially selected as a model
reaction for optimization (Table 1). Common oxidants for
benzylic C—H bond cleavage, such as Ag,O, PhI(OAc),, and
MnO,, proved to be futile (entry 1). When DDQ was used as
an oxidant, expected product 3a was isolated in 9 % yield with
30% ee, though the majority of 1a was recovered (entry 2).
The low conversion might be ascribed to two factors: 1) DDQ
competitively reacts with 1a and 2a; 2) oxidation of 1a with
DDQ might be a reversible process. Next, a range of additives
were examined, and aluminum oxide (activated, basic) was
identified to be the best candidate, providing 3a in 77 % yield
with 58 % ee (entries 3-6). Chiral phosphoric acid catalysts
were extensively screened,™ and the C,-symmetric imidodi-
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Table 1: Optimization of reaction conditions.! Ar
oN H R CN
o ; Ph‘CN R W @ DDQ, €10, Al,O3 ‘\\ »
H DDQ, C, additive \ l_ N CH.Clp, -78°C HO
Pho =+ > Ch,Cl, 78°C O 4 O Ho H N
yadri
o g o (AL Cm "
1a 2a 3a

3b, R = MeO, 93%, 93% ee
Entry Catalyst Additive Yield [%6]®! ee [%]1 3¢, R =Me, 91%, 99% ee

3d, R = Ph, 90%, 93% ee

d 3e, R=Br, 85%, 98%
1 a - <5 n.d. 3:R=C|Tsa%, 08% os.
2 C1 - 9 30 3g, R=F, 82%, 95% ee
3 a K.CO 20 35 3h, R = CF;, 80%, 96% ee
2 3

4 Cl 3AMS. 51 40
5 Cc1 Al,Os, neutral 71 55
6 a ALLO,, basic 77 58
7 C2 Al,O,, basic 79 53
8 c3 Al, O, basic 81 75
9 c4 ALLO,, basic 61 46
10 c5 Al,O;, basic 66 50
n c6 AL,O,, basic 63 56 s 2
12 c7 Al,O,, basic 30 88 o
13 c8 Al,O;, basic 82 91
14 c9 Al, O, basic 86 94
15 c10 ALO,, basic 38 97
16! Cc10 Al,O,, basic 79 86
171 C10 Al,0,, basic <5 n.d.
188 c10 ALO,, basic 46 53

R R
CLY g 200
cesiiisoe
R R

C7, R = 3,5-(CHy),CeHs
3,5-

C1, R = 2,4,6-PryCeH,
C2, R =2,4,6-(c-CgH11)3CsH,
C3, R = 9-anthryl

€4, R = 2,4,6-Pr;CgH,
C5, R = 9-phenanthryl R P
€6, R = SiPh 9. R = 4-CF3CeHy

s €10, R = 4-CICqH,

[a] Reaction conditions: To Ta (0.1 mmol) in CH,Cl, (3.0 mL) was
successively added DDQ (0.1 mmol), additive (40 mg), C (3 mol %), and
2a (0.12 mmol) at —78°C for 12 h. [b] Yield of isolated product.

[c] Determined by chiral-phase HPLC analysis. [d] Ag,0, Phl(OAc),, and
MnO, as oxidant. [e] Dichloroethane as solvent at —40°C. [f] Diethyl ether
as solvent. [g] Acetone as solvent. n.d. = not determined. M.S.=molecular
sieves.

phosphoric acid C10 furnished highest level of enantiofacial
discrimination (entries 6-15).19 Optimization of the solvents
identified CH,Cl, to be optimal (entries 16-18).

With the optimized reaction conditions in hand, the scope
of the enantioselective oxidative cross-coupling of racemic
2,2-diarylacetonitriles (1) with 2a was explored (Scheme 2).
In general, the diversely functionalized 2,2-diarylacetonitriles
1a-1 and 10-s, bearing a wide range of electronically varied
aryl groups with different substitution patterns, were compat-
ible with the reaction, providing the respective triarylme-
thanes 3a-31 and 30-3s in 72-93 % yields with up to 99 %
ee.l'%! Potential oxidation of ortho-positions of phenols to 1,2-
benzoquinones was not observed. Moreover, the polyarene
naphthalene substituted 1m and thiophene substituted 1n
proved to be suitable coupling partners.

The substituent effect of indoles was next evaluated
(Scheme 3). A broad range of indoles, bearing either electron-
donating or electron-withdrawing groups at different posi-
tions (C4, C5, C6, and C7) on the aryl rings, participated in the
oxidative cross-coupling with 1a smoothly, affording the
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Scheme 2. Scope with respect to 2,2-diarylacetonitriles.
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Scheme 3. Scope with respect to the indole components. [a] C3
(3 mol %) as catalyst.
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respective triarylmethanes 4a-i in 83-91% yields with 92—
98% ee. In addition, C2-substituted indoles were suitable
components, as demonstrated by the formation of the triaryl-
methane 4j in 80 % yield with 94 % ee.

Besides indole moieties, other (hetero)arenes were also
evaluated (Scheme 4). Electron-rich arenes such as the 1-
naphthol 5b and phenol 5S¢ as well as 2-substituted pyrrole Sa
were identified to be competent coupling partners.'’'* Aside

Ph
WCN
Ar
HO
6
Ph
+\CN
HO MeO | OH

6c, 90%, 83% eel’l

DDQ, C, Al,O,

CH,Cl, -78 °C

CN
H
Ph  + Ar—H
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1a 5
Ph
~'CN
/NH
HO 7 ~Me HO

6a, 86%, 85% eel?

6b, 77%, 81% eel®!

Scheme 4. Other (hetero)arene components. [a] C2 (3 mol %) used.
[b] C4 (3 mol %) used. [c] C5 (3 mol %) used.

from 2,2-diarylacetonitriles, the 2,2-diarylacetate 7 also
proved to be suitable electrophilic component, as demon-
strated by the formation of the triaryl-substituted acetate 8 in
53 % yield with 85 % ee (Scheme 5). While the reaction scope
was not exclusively explored, these results provide a proof-of-
concept for the modularity of the method for asymmetric
access to diversely functionalized triaryl-substituted all-
carbon quaternary stereocenters.
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Scheme 5. Oxidative cross-coupling with 2,2-diarylacetate.

The synthetic applications of the method were next
illustrated (Scheme 6). The removable/convertible feature
of the phenolic hydroxy group was verified. The hydroxy
moiety was removed through triflation followed by Pd-
catalyzed hydrogenation, as demonstrated by the conversion
of 3¢ into 9 in 90% yield (Scheme 6a). In addition, the
hydroxy group in 3a can also undergo triflation followed by
Pd-catalyzed cross-coupling reaction, furnishing the biaryl 10
in high efficiency (Scheme 6b). The nitrile group can be
converted into an array of valuable functionality. For
example, nitriles can be reduced by DIBAL-H to aldehydes,
as demonstrated by the transformation of 3a into 11 in good
yield and with complete retention of stereochemistry (Sche-
me 6¢). Alternatively, hydrolysis of the nitrile proceeded
smoothly using fert-amyl alcohol under basic conditions,
yielding the corresponding amide 12 in 92 % ee (Scheme 6d).
Notably, no obvious enantiopurity erosion has been observed
in these transformations, thus demonstrating the reliability of
the method in practical preparation of diversely functional-
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Scheme 6. Transformations of cross-coupling products.

ized chiral triarylmethanes bearing all-carbon quaternary
centers.

A series of control experiments were conducted to gain
further insights into the mechanism (Scheme 7). The racemic
2,2-diarylacetonitrile 1a was oxidized by DDQ, giving the 6-
CN-9-phenyl-substituted p-quinone methide (QM) 131in 90 %
yield along with DDQH, (2,3-dichloro-5,6-dicyanohydroqui-
none; Scheme 7a). Subjecting 13 to standard oxidative cross-
coupling conditions without DDQ provided 3a with compa-
rable eevalue to that observed in the single-operation
process, thus indicating the intermediacy of p-OM 13
(Scheme 7b). The asymmetric oxidative coupling was then
performed stepwise to understand the reaction details (Sche-
me 7c¢). Once the oxidation of 1a by DDQ was complete, as
monitored by TLC analysis, C10 and 2a were added to the
reaction mixture. Surprisingly, 3a was only isolated in 6 %
yield, and 1a was recovered in 86% yield, indicating the
reversibility of the oxidation process. No reaction was
observed for 13 and DDQH, (Scheme 7d). No reaction was
observed for the methyl-protected substrate 14, implying the
importance of the hydroxy moiety in p-QM intermediate
generation (Scheme 7¢). Based on the above results, a plau-
sible mechanism is suggested (Scheme 7 f). 1a is oxidized by
DDQ in a reversible process, furnishing intermediate 17,
which might be stable in reaction system. Al,O; might
promote irreversible collapse of 17, affording DDQH, along
with p-QM 13 for subsequent enantioselective 1,6-conjugate
addition, though the origin of this curious but useful effect has
not been clear.'”) Asymmetric 1,6-conjugate addition was not
influenced by stoichiometric DDQH, (Scheme 7g). The N-
methyl-protected indole 18 was found to be a less competent
coupling partner than 2a, thus suggesting the importance of
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cN oN OH (Scheme 7i). The proposed pseudo-intra-
H DDQ, CH,Cl, _ Cl CN molecular mode is in agreement with the
/@kph - Q)\Ph * @ observed excellent remote stereocontrol.
HO (o) c OH CN In summary, a direct and enantioselec-
1a 13, 90% DDQH, tive oxidative cross-coupling of racemic 2,2-
diarylacetonitriles with (hetero)arenes has
c10 been described, allowing efficient construc-
v CHClp, -78°C 959, 39a7% ee (b) tion of triarylmethanes bearing all-carbon

DDQ, CH,Cl,
1a _ f C 3a + 1a
then C10, 2a 6% 86%
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2 CHCly 1t
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2
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N L
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transition state

Scheme 7. Mechanistic studies.

the N-H moiety, presumably as a hydrogen-bond donor
(Scheme 7h). Based on the above analysis, a plausible tight
transition state is proposed, in which chiral phosphoric acid
acts as a bifunctional role for activation of both coupling
partners and remote stereocontrol by hydrogen bonding
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quaternary stereocenters with excellent

chemo- and enantioselectivities. The
() single-operation reaction has an excellent
functional-group tolerance and exhibits
a broad scope with respect to both 22-
diarylacetonitrile and (hetero)arene compo-
nents. The rich chemistry of the cyano group
allows facile synthesis of other valuable
chiral triarylmethanes bearing all-carbon
©) quaternary centers that are otherwise diffi-

cult to access.
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A direct and enantioselective oxidative
cross-coupling of racemic 2,2-diarylace-
tonitriles with electron-rich (hetero)ar-
enes allows for efficient construction of
triarylmethanes bearing all-carbon qua-
ternary stereocenters with excellent
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CN
Ar1$Ar3

up to 99% ee
average 93% ee
33 examples

chemo- and enantioselectivity. The rich
chemistry of the cyano group leads to
facile syntheses of other valuable chiral
triarylmethanes bearing all-carbon qua-
ternary centers that are otherwise difficult
to access.
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