ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;HEm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1ot gurnal Name

3}

=
15}

N
a

I
&

Cite this: DOI: 10.1039/c0xx00000X

WWW.FSC.Org/XXXXXX

ChemComm

Dynamic Article Links»

ARTICLE TYPE

Rhodium-Catalyzed Direct Coupling of Biaryl Pyridine Derivatives with

Internal Alkynes

Jun Zheng® and Shu-Li You*?

Received (in XXX, XXX) XthXXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

Axially chiral biaryls were synthesized by an isoquinoline or
2-pyridine-directed Rh(l11)-catalyzed dual C-H cleavages and
coupling with internal alkynes in good to excellent yields.
Oxidation of isoquinoline derivatives with m-CPBA furnished
their corresponding N-oxides, which could be utilized as
Lewis base catalysts in asymmetric reactions.

Axially chiral biaryl units are embedded in many important
natural products® and widely applied as chiral auxiliaries, ligands
and catalysts in asymmetric syntheses.? The rapidly increasing
interest in axially chiral biaryls has led to the development of a
great variety of successful methods for their atroposelective
construction.® However, the vast majority of these methods are
focused on the synthesis of axially chiral biaryls via
Suzukicouplings.* Some other approaches involve the
desymmetrization of prochiral biaryl compounds,” atroposelective
cleavage of the biaryl lactones with chiral nucleophiles,®
asymmetric oxidative coupling of 2-naphthalenol derivatives’ and
asymmetric [2+2+2] cycloaddition of an o,®-diyne and
monoalkynes.®As an alternative method for atroposelective biaryl
synthesis, the functionalization of achiral biaryl compounds via
C-H bond cleavage was highly efficient,® but less explored. In
this context, Murai and co-workers reported the atroposelective
alkylation of naphthyl pyridines and naphthylisoquinolines by a
Rh(l)-catalyzed C-H activation reaction.® The same group also
describped a Ru-catalyzed silylation of 2-(1-naphthyl)-3-
methylpyridine in 2003.*' Later Lassaletta and co-workers
reported Ir(ll1)-catalyzed nitrogen-directed borylations of 2-
arylpyridines and  1l-arylisoquinolines.**  Pd(Il)-catalyzed
intermolecular C-H phosphorylation of 1-(naphthalen-1-
yl)isoquinoline was reported by Yu and co-workers in 2013.2 In
addition, by taking advantage of a chiral sulfoxide moiety as the
directing group and chiral auxiliary, the group of Colobert
realized the direct atropodiastereoselective C-H olefination of
biaryl compounds.** Very recently Yang and co-workers
succeeded in palladium-catalyzed C-H acetoxylation of optically
pure 2-diphenylphosphine oxide-1,1"-binaphthyl, which could
lead to the synthesis of (R)-MeO-MOP.™® Despite the above
elegant methods for the construction of atroposelective scaffolds,
novel approaches to build axially chiral biaryls are still highly
demanded.

Usually, increasing the steric hinderance of axially chiral
biaryls could have an enormous impact on their performance in

asymmetric catalysis.'® However, the introduction of arylated
naphthalene and anthracene units to axially chiral biaryl scaffolds
sois far from developed. Although numerous methods for
construction of polyarylatedarenes have been developed in the
past decades,’ transition metal-catalyzed C-H bond activation in
an aromatic substrate followed by coupling with alkynes has been
considered as a particularly useful tool.*® In this regard, Miura,
ss Sato and co-workers reported an effective aromatic homologation
by Rh(lll)-catalyzed oxidative annulations of the phenylazoles
and 2-phenylpyridine with diarylacetylenes.'® Herein, we report
the synthesis of axially chiral biaryl compounds from 2-
arylpyridines or 1-arylisoquinolines and internal alkynes through
o Rh(I1)-catalyzed dual C-H functionalization/cycloaromatization.
Our studies commenced with the reaction between 1-
(naphthalen-1-yl)isoquinoline 1a and diphenyl acetylene 2a using
[RhCp*Cl,], as the catalyst and Cu(OAc), as the oxidant (Table
1). The examination of several silver salts revealed that AgSbFg is
es optimal (for detailed studies, see the Supporting Information).
The desired product 3a was obtained in 99% yield (entry 1). After
acidification of 3a, the structure of protonated 3a was determined
by single crystal X-ray diffraction analysis (see the Supporting
Information for details). The presence of 1 equiv of Cu(OAc),
70 was enough for this reaction, affording 3a in 99% vyield (entry 2).
Other oxidants such as benzoquinone or oxygen were ineffective
(entries 3 and 4). The choice of solvent was also crucial for this
reaction. The reaction in tert-amyl alcohol gave the best result, in
which 3a was obtained in almost quantitative yield. Other
75 solvents such as CICH,CH,CI, toluene, DMA and tBuOH were
less effective (32-84% vyields, entries 5-8). Finally, reducing the
loading of [RhCp*Cl,], from 5 mol% to 3 mol% led to the
isolation of 3a in 98% vyield (entry 9). Furthermore, the reaction
in a 2 mmol scale (1a) proceeded smoothly without notable
g0 erosion in yield (97%, entry 10). However, further reducing the
loading of [RhCp*Cl,], to 1 mol% resulted in a dramatically
decreased yield (23% yield, entry 11). As expected, no reaction
occurred in the absence of [RhCp*Cl,], (entry 12). Thus, the
optimal conditions were identified as the following: 3 mol%
s [RhCp*Cl,],, 15 mol% AgSbFs, 2.2 equiv biphenyl acetylene, 1
equiv Cu(OAc); in tert-amyl alcohol at 120 <€ for 12 h, and
under these conditions product 3a was obtained in 98% yield.

Table 1. Optimization of reaction conditions for
% construction via dual C-H bond cleavage.?

biaryl
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_N [RhCp*Cl,]p, AgSbF Ph
+ Ph—==—Ph Ph
conditions, 120 °C, Ar OOO
3 o
3a Ph

1a 2a

entry solvent oxidant yield (%)
1° t-AmylOH Cu(OAc), 99
2 t-AmylOH Cu(OAc), 99
3 t-AmylOH BQ trace
49 t-AmylOH 0, trace
5 CICH,CH,CI Cu(OAc), 32
6 toluene Cu(OAc), 77
7 DMA Cu(OAc), 79
8 t-BuOH Cu(OAc), 84
9 t-AmylOH Cu(OAc), 98
10 t-AmylOH Cu(OAc), 97
11° t-AmylOH Cu(OAc), 23
12f t-AmylOH Cu(OAc), NR

@ Unless otherwise noted, all reactions were carried out as the
following: [RhCp*Cl,], (5 mol%), AgSbFg (25 mol%), la/2a/
Cu(OAc), = 1/ 2.2/ 1, 0.1 mol/L, and t-amyl alcohol (1 mL) in a

s sealed tube at 120 € for 12 h.  Cu(OAc), (2equiv) was used. ¢ 3
mol% [RhCp*Cl,], and 15 mol% AgShFs was used. ¢ Isolated
yield. ¢ 1 mol% [RhCp*Cl,], and 5 mol% AgSbFg was used. '
W/O [RhCp*Cl,],. 9 1 atm O, was used. " 2 mmol 1a and 4.1
mmol 2a were used.

10

Under the optimal reaction conditions described above, various
substituted symmetrical alkynes (2b—f) were treated with 1-
(naphthalen-1-yl)isoquinoline 1a and gave the desired
polyarylatedanthracene products (3b-f) in excellent yields (Table

15 2). When 1, 2-di-p-tolylethyne (2b) was used, 3b was obtained in
77% vyield. With 5 mol% of [RhCp*Cl,],, product 3b was
obtained in 93% vyield. Unfortunately, when 5-decyne and 1-
phenyl-1-propyne  were  tested  with  1-(naphthalen-1-
yl)isoquinoline under the optimized reaction conditions, only

20 trace desired product was observed in both cases.

On the other hand, various substituted 2-arylpyridines or 1-
arylisoquinolines (1b-f) reacted smoothly with diphenyl acetylene
2a to give their corresponding polyarylated naphthalene and

anthracene derivatives (3g-1) in good to excellent yields (Table 2).

25
Table 2: Rhodium (l11) catalyzed cyclization of 2-
arylpyridinesand 1-arylisoquinolines (1) with alkynes (2).2

me [RhCp*Cly], (3 mol%) RM/\
T _N AgSbFg (15 mol%) (N
+ R—=R? R
Cu(OAc), (1 equiv ) R3
R2N/ | 2a-2f t-AmylOH, 120 °C r? Z
X X R
1a-1f 3231
N
/N Z" Ph /N
OO QO "
o OO
Ph
3g: 90/ 3h:84% " 3i:95% Ph
| RN
3a: X=H, 98% N
3b: X= Me, 77% (93%°) MeO' Ph
3c: X= OMe, 99% OO Ph
3d: X=Br, 95% Ph
3e: X=F, 98% Ph
3f: X= CF3, 90% 3j: 99/ 3k:99% Ph 31:89% Ph

& Unless otherwise noted, all reactions were run in 1 (0.2
mmol), 2 (0.44 mmol), [RhCp*Cl,], (3.0 mol%), AgSbFs (15.0
3 mol%), Cu(OAc), (0.2 mmol) and t-Amyl alcohol (2 mL) in a
sealed tube at 120 €. Isolated yields are reported. "Reaction was
run in 0.1 mmol scale with 5 mol% of [RhCp*Cl,],.

The development of novel chiral pyridine N-oxides as Lewis
s base catalysts has been one active project in asymmetric
synthesis.?’ To test the utility of products obtained here, the
oxidation of 3a and 3h with m-CPBA furnished the desired
pyridine N-oxides 4a and 4h, respectively, in good to excellent
yields (Scheme 1).The enantiomers of 4a and 4h were easily
a0 separated by chiral preparative HPLC methods. Fortunately, the
absolute configuration of product (+)-4h was assigned as R by an
X-ray crystallographic analysis of a single crystal of enantiopure
sample (see the Supporting Information for details).

m-CPBA (1 equiv)
CH,Cl, 0°C

l ! R I —
Ph
Ph
3

45

Scheme 1. Oxidation of 3a and 3h.

The enantiopure N-oxides 4a and 4h were tested in the
asymmetric allylation of benzaldehyde with allyltrichlorosilane,
as shown in Scheme 2. After a preliminary examination, both N-

s0 oxides 4a and 4h could catalyze this reaction but with moderate
reactivity and enantioselective control. 1-Phenylbut-3-en-1-ol
was obtained in 29% vyield, 62% ee by (+)-4a and 62% vyield,
28% ee by S-(-)-4h (eq 1). These chiral N-oxides also sufficiently
catalyzed the ring-opening reaction of cis-stilbene oxide with

ss SiCly, affording the corresponding chlorohydrin with moderate ee
values (eq 2). These enantiopure N-oxides were also found to be
suitable catalysts for asymmetric addition of diethylzinc to
benzaldehyde and allenylation of aldehydes with propargyl
trichlorosilane, but with only moderate results (see the

60 Supporting Information for details).
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Cat (10 mol%) OH
DIEA (1.25 equiv )
—_—— A

MeCN, -40 °C, 48 h

CHO
SaEP
1.2 equiv
3y
Cat = (+)-4a: 29% yield, 62% ee
Cat = S-(-)-4h: 62% yield, -28% ee

Cat (10 mol%)
o} (PPr),NEt (1.3 equiv) HO Ph
(eq2)

PH  Ph SiCl, (1.3 equiv), CH,Clp, -78°C  PH  ClI

3x
Cat = (+)-4a: 78% vyield, 44% ee
Cat = S-(-)-4h: 45% yield, -25% ee

Scheme 2. Application of enantiopureN-oxides 4a and 4h.

A plausible mechanism is proposed to account for the reaction
of 1a with alkyne 2a. The catalytic cycle starts with the removal
s of chloride in [RhCp*Cl,], by AgSbFs. The isoquinoline nitrogen
of la coordinates to the rhodium center, and subsequently the
ortho C-H bond is cleaved to form a five-membered rhodacycle 1.
In the second step, insertion of alkyne 2a into the rhodium-carbon
bond gave rhodium species Il. Then intermediate 11 undergoes
o further  concerted-metallation-deprotonation % to  afford
intermediate I11. After insertion of alkyne 2a once again and
reductive elimination, product 3a is obtained and the reduced
rhodium species can be oxidized by Cu(OAc), to form the active
catalyst (Scheme 3).%

15
[Cp*RhCl,],

I
AgCl 2N

Cu(SbFe),
Cp*Rh(OAc),

AgSbFg, Cu(OAc),

jc(l)
Cu(OAc), /

HOAc

Scheme 3. Plausible mechanism for the reaction of 1a with 2a.

In conclusion, we have demonstrated that the axially chiral
20 biaryl compounds could be effectively constructed through a
rhodium-catalyzed, chelating-assisted dual C-H
functionalization/cycloaromatization reaction. In addition, these
biaryl compounds could be easily converted to novel N-oxides,
which were demonstrated to be suitable organocatalysts. Further
25 applications of this method in ligand design, detailed mechanistic
investigation, and the development of asymmetric reactions
arecurrently underway in our laboratory.
We thank the National Basic Research Program of China (973
Program 2010CB833300) and National Natural Science
30 Foundation of China (21025209, 21121062, 21332009) for
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