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Chiral phosphoric acid-catalyzed asymmetric synthesis of hetero-
triarylmethanes from racemic indolyl alcohols **

Caizhen Yue, Fei Na, Xiantao Fang, Yang Cao and Jon C. Antilla

Abstract: The direct enantioselective 1,4- and 1,8-arylations of 7-
methide-7H-indoles and 6-methide-6H-indoles, generated in-situ
from diarylmethanols with electron-rich arenes as nucleophiles, has
been achieved in the presence of chiral phosphoric acids (CPA’s).
These two remote activation protocols provide an efficient approach
for the construction of diverse hetero-triarylmethanes in high yields
(up to 97%) and with excellent enantioselectivities (up to 96%).
Mechanistically inspired experiments tentatively indicate that the
catalytic enantioselective 1,4-addition as well as the formal Sy1
substitution could proceed efficiently in the similar catalytic systems.
Furthermore, the modification of catalytic system and diarylmethanol
structure successfully deviates the reactivity toward a remote highly
enantioselective 1,8-arylation reaction. This flexible activation mode
and novel reactivity of diarylmethanols expand the synthetic potential
of chiral phosphoric acids.

Optically active hetero-triarylmethanes are very important structural
motifs in natural products, biological active molecules and synthetic
materials."! Therefore, the development of efficient strategies for
enantioenriched hetero-triarylmethane derivatives is of great interest
to the synthetic community. Diarylmethanols have emerged as
versatile precursors for the construction of hetero-triarylmethage
derivatives.”? The racemic alcohols used can be easily convert
intermediates, such as quinone methides (QM
carbocationic species, via an acid-catalyzed dehydration pathway.
Recently, great achievements have been made in th
asymmetric 1,4-additions and formal Sy1 subsf
diarylmethanols to deliver hetero-triarylmethanes.
various activation patterns have been successful
such as bi-functional modes,” coordination catalys

active

strategy for this important structural motif would be highly val
On the basis of the asymmetric additiogs to diarylmethanols

in situ generated 7-methide-7H-indole:
by employing a CPA as the catalyst.
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This addition process proceeds with a broad substrate scope
rms of nucleophiles diversity, for example indoles and N-

lanation for the stereochemical outcome of this 1,4-addition
action.” The novel reactivity of the indolyl alcohols is probably
owing to the formation of the particular 10tm-electron aromatic
Moreover, The MeO and NH groups in the 7-
indolylmethanols contribute to stabilize the 6-methide-6H-indoles or
carbocation species could be beneficial for stereoselectivity.”
Having noticed the unique reactivity of the designed 7-
indolylmethanol, we expect that this strategy could be further applied
to the remote stereoinduction.

Inspired by recent success in the remote stereocontrol”, we
envisioned the possibility to pursue the unusual 1,8-addition”’” with
this strategy (Scheme 1b). Despite its important synthetic
significance in the modern organic synthesis, direct enantioselective
1,8-additions have been far less exploited."" This is probably due to
the difficulties in the design and synthesis of the proper 1,8-
acceptors. In addition, the polyelectrophilic nature of 1,8-addition
acceptors increases reaction complexity. More importantly, the lack
of efficient catalytic system and activation mode further limits the
development of the new { (zeta)-stereocenter. To the best of our
knowledge, there are only two examples!'® covering the catalytic
asymmetric 1,8-addition reactions, which employed C-substituted
trienyl N-acylpyrroles and p-QMs as electrophiles. It is noteworthy
that; 1) the two cases mentioned above all rely on a bi-functional
activation mode'™ and 2) the activation of 1,8-addition acceptors
don’t involve the geometric control. Based on these studies and our
previous efforts in phosphoric acid catalysis," we herein document
a novel CPA catalyzed asymmetric 1,8-addition of electron-rich

structure.
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arenes to in situ generated 6-methide-6H-indoles, providing a
powerful and straightforward synthetic protocol for the hetero-
triarylmethane derivatives. The challenging remote stereocontrol
was successfully solved by the choice of a suitable chiral phosphoric
acid (R)-C2 and the rational design of 1,8-addition acceptor 9. We
reasoned that a CPA would not only promote the formation of the
unstable 6-methide-6H-indoles from the racemic alcohols, but also
simultaneously activate this intermediate by the more challenging
propagation of the electronic effect through the conjugated system
(LUMO lowering). The electron-rich indoles and N-protected indole
10 were chose as the nucleophiles to react with this active
intermediate; resultantly a mono activation is suggestive. At this
stage, the undesired electron-rich dienamine system might bring
additional challenges for the reactivity (HOMO raising).

To test the feasibility of the 1,4-addition reaction, we chose the
racemic alcohol 1a as the electrophile, which could be easily
converted to 7-methide-7H-indole through reaction with indole 2a in
the presence of a CPA catalyst. The initial catalyst screening (Table
1, entries 1-6) revealed that catalyst (R)-A3 could efficiently promote
this reaction and a moderate result (74% yield, 66% ee) was
obtained. Additionally, a variety of different solvents (Table 1, entry
7) were explored, providing an inferior effect in terms of reaction
efficiency and enantioselectivity. We found that by adding molecular
sieves and lowering the temperature (Table 1, entries 8-11)
significantly improved the enantiomeric excess and the isolated yield
of the product, indicating that hydrogen bonding could play a crucial
role in the stereocontrol.

Table 1: Optimization of the 1,4-addition reaction conditions.”

catalyst (5 mol%)
—_—
solvent, 0 °C

oL
MeO la 2a
0

0.0 2
< g
] ! 0" “OH

Ar

A1: Ar = 2,4,6-iPryCgH,
A2: Ar = 9-anthracenyl
A3: Ar = 9-Phenanthrenyl|

B1: Ar = 2,4,6-PrsCH,  C1: Ar = 2,4,6-PrsCqHy

C2: Ar = 9-Phenanthre|

Entry Catalyst Solvent %] ee [%
1 (R)-A1 toluene

2 (R)-A2 48

3 (R)-A3 66

4 (R)-B toluene 35

5 (R)-C1 oluene 60

6 (R)-C2 30 51

64 41

77 78

toluene 83 86

oluene 96 90

11109l (R)-A3 ne 75 91

[a] Reactions were performed with 1a (0.05 mmol), 2a (0.075 mmol), and
catalyst (5 mol%) in solvent (1.5 mL) at 0 °C. [b] Isolated yield. [c] The ee
value was determined by HPLC analysis using a chiral stationary phase. [d]

10.1002/anie.201804330

WILEY-VCH

Run with 40 mg of 4 A molecular sieves. [e] Run at -10 °C for 1h. [f] Run at -20
°C for 3h. [g] Run at -40 °C for 24h.

With the optimized conditions in hand, we investigated the
substrate scope (Scheme 2) for the asymmetric 1,4-addition
reaction. A series of racemic alc ere efficient substrates,
delivering the desired products 3a-3g i o yield and 80-94%
ee, respectively. Subsequently, we found

around the reaction site,
withdrawing groups, several pri
decreased yield. Importan
converted into the
providing evidence f
protocol was further
and the correspon
with good to excelle|

ith good results,
n mode. Surprisingly, this
ucleophilic pyrrole series,
re isolated in high yields

tended to the le
adducts 3r-3w
ntioselectiviti

) 7 \/ \_/
leld. 90% ee  3e, 90% yield, 94% ee 3f, 95% yield, 92% ee 39, 91% yield, 93% ee

3h, R* = 2-Me, 94% yield, 90% ee
3i, R*=2-Ph, 81% yield, 85% ee
3j, R*=4-Me, 89% yield, 92% ee MeO
3k, R* = 4-Br, 79% yield, 92% ee
3l, R* = 5-Me, 89% yield, 90% ee
3m,R* = 5-Br, 80% yield, 94% ee
3n, R* = 5-CO,Me, 76% yield, 90% ee
30, R* = 6-Cl, 76% yield, 90% ee

|
(W

3p, R? = Me, 86% yield, 83% ee
3q,R2=H, 73% yield, 84% ee

3u, R? = Me, 87% yield, 90% ee
3v, R2 = Ph, 89% yield, 85% ee
3w, RZ=Tf, 95% yield, 95% ee

3r, 93% yield, 87% ee  3s, 87% yield, 86% ee  3t, 90% yield, 85% ee

Scheme 2. Substrate scope of the 1,4-addition reaction.

To further expand the utility of our process, we then
investigated the possibility of C2-functionalization of a 3-substituted
indole (Scheme 3). The alcohol 3d bearing an electron-withdrawing
group was employed as an electrophile to reduce competitive side
reactions and the 3-methylindole 4 served as a nucleophile. To our
delight, the corresponding product 5 was successfully obtained in
76% yield with 81% ee.

Me
0

N, Ny 5mol% (R)-A3
—_—

H N toluene, 4 A MS

OH -40 °C,24 h
MeO
MeO

3d 4

5, 76% yield, 81% ee

Scheme 3. Protocol for C2-functionalization of 3-substituted indoles
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We then performed some control experiments to gain further
insights into the possible mechanism (Scheme 4). Interestingly, the
N-methyl protected diarylmethanols 6 could afford the desired
products 7 in high yields and good ee’s with longer reaction times,
which suggested that a formal Sy1 substitution was also compatible
with the same catalytic system. Additionally, the sharply decreased
ee (13%) of product 8 provided experimental support for these two
different activation modes. The absolute configuration of 7a"® was
determined to be (R) by X-ray crystallographic analysis.

5 mol% (R)-A3
= 5
toluene, 4 A MS

OH H -10°C,24h O
MeO

6a, RZ=H 2a 7a, R? = H, 95% yield, 90% ee
6b, R? = Me 7b, R? = Me,76% yield, 84% ee
0
N A 5 mol% (R)-A3
\ bl YV i
Me * N/ toluene, 4 AMS

Me -20°C,24h  MeO

6a 2j 8, 85% yield, 13% ee

Scheme 4. The formal Sy1 substitutions and the mechanistic investigation for

the 1,4-addition reaction

We successfully expanded the 1,4-addition reaction to a
remote, yet enantioselective 1,8-addition reaction, by modifying
catalytic system and the substrate structure (from 7- j
indolylmethanol, in Table 2). This 1,8-addition
conducted by employing the 6-indolylmethanol 9a as an elg
to react with the 1,2-dimethylindole 10a in the presence,
with the desired product being obtained in 65% yield
(Table 2, entry 1). The next investigation of various ¢

reaction was

Ph

A\

Ph N

H

OH
9a
Entry Catalyst

1 (R)-A3 65 33
2 83 18
3 toluene 72 34
4 toluene 81 78
H,Cl, 87 74
6 3CN 76 12
7 (R)-C2 benzene 89 84
g (R)-C2 benzene 96 93
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[a] Reactions were performed with 9a (0.1 mmol), 10a (0.15 mmol), and
catalyst (5 mol%) in solvent (4 mL) at room temperature. [b] Isolated yield. [c]
The ee value was determined by HPLC analysis on a chiral stationary phase.
[d] Run with 40 mg 4 A molecular sieves.

on the phenyl ring 11a-
lectronic variations, were

11i, regardless of its structur:
i ield, 83-93% ee). In

compatible with the catal
the absence of the
dimethylindole also
11j with a slightly d
methylindole 10c h

ly, the free NH bond in 2-
on the reaction outcome,
e 11j and 11i showed that
ntributed to the improved
ploration of substituted indoles
ctronic properties showed a good tolerance
ts (11m-110). It is worth noting that the
resulted in good reactivity, but low
absolute configuration of 11p""® was

5 mol% (R)-C2
RE — ' 5

benzene, 25 °C
R7 4AMS, 8h

10

11a,R5=H, 96% yield, 93% ee
11b, RS = 2-Me, 95% yield, 83% ee
11c, RS = 3-OMe, 96% yield, 92% ee
11d, RS = 4-Me, 95% yield, 89% ee
11e, R® = 4-Et, 94% yield, 92% ee
11, RS = 4-tBu, 95% yield, 92% ee
N 11g,R5 = 4-OMe, 92% vyield, 83% ee

Me 11h,RS=4-Cl,  96% yield, 90% ee
11i, R® = 4-F, 96% yield, 91% ee

11j, 93% yield, 86% ee

11k, R” = Me, 86% yield, 91% ee 11m, 96% yield, 92% ee
11, R =H, 97% yield, 86% ee

Ph e Ph Ph
h O > O O 3 Ph >
N N
H N H
cl N\, Me HNTN
N N —

11n, 89% yield, 93% ee

MeO Ny —Me

11q, 85% vyield, 12% ee

e
110, 96% yield, 90% ee 11p, 90% yield, 93% ee

Scheme 5. Substrate scope of 1,8-addition reaction.

In order to gain a further understanding into the mechanism,
we next conducted several control experiments (Scheme 6). The N-
methylated substrate 12 allowed the corresponding product 13 to be
formed with a decreased ee and longer reaction time. The methyl-
protected alcohol 12 is not reactive, thus suggesting that successful
formation of the 6-methide-6H-indoles intermediate is the key to the
process.
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Ph
5 mol% (R)-C2
AN + A\ Me ;,
Ph N N benzene, 25 °C
4 e Ve 4AMS,24h [4]
12 10a 13, 85% vyield, 41% ee

Scheme 6. The mechanistic investigation for the 1,8-addition reaction.

Finally, to further demonstrate the practicality of this remote
strategy, the reaction of 7-indolylmethanl 1a with indole 2a was
performed at one-gram scale with the standard conditions (Scheme
7). To our delight, the corresponding product 3a was successfully
obtained with slightly decreased yield and maintained
enantioselectivity, which illustrates the practical application value of  [6]
this enantioselective transformation.

I
N
YLD
OH N
MeO

1a, 1.0g

[3]

[71

5 mol% (R)-A3

—_—
toluene, 4 A MS
-20°C,4h 18l

MeO

2a,532mg 3a,1.19g,77%, 89% ee

[0]

Scheme 7. Gram-scale preparation of 3a.

In conclusion, we have demonstrated the possibility to switch
the reaction patterns and activation modes of designed
diarylmethanols by means of CPA catalysis. The asymmetric
transformation of 7-indolylmethanol features a broad subst]
scope, low catalyst loading and flexible activation mode, pro
an efficient and broadly applicable method for asymmetric synthesis
of hetero-triarylmethanes. Moreover, the 1,4-addition rea

excellent yield and enantioselectivity. Control experim
important insights into the reaction mechanism.
mono-activation mode might be involved in this pro
completely definitive without further experiments.
and application of diarylmethanols are currently under i
in our laboratory and will be reported in due course.

Keywords: enantioselective  catalysis+1,4-addition+1,8-ad&ion

sremote enantiocontrolsmono activatione "ral phosphoric acids
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Remote activation protocols: The direct enantioselective 1,4- and 1,8-aryl -indoles and 6-methide-6H-indoles,
generated in-situ from diarylmethanols with electron-rich arenes as nucleophiles, has bei in the presence of chiral phosphoric

acids. Mechanistically inspired experiments tentatively indicate that the formal Sy1 substitution is conceivable with this catalytic system.

Interestingly, a mono-activation mode could be found in the 1,4- and the remote 1,8-agdition process. A diversity of hetero-triarylmethanes
with high yields was produced in excellent enantioselectivity.

49,
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