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An axially chiral biaryl is an important structure among chiral ~Scheme 1. Synthesis of Axially Chiral Teraryl Compound by
ligands, and many catalytic and highly enantioselective reactions [212+2] Cycloaddition

have been achieved by using axially chiral biaryl compounds -

possessin@, symmetry, as represented by BINOL and BINAP.
While various methods have been reported for the synthesis of /%Q R [24+242]
axially chiral biaryl components, including optical resolution of z +

| cycloaddmon O )
racemic compounds and diastereoselective reactions using a stoi- \%Q R2 )

chiometric amount of chiral auxiliaries, practical examples of the

catalytic synthesis of axially chiral biaryls are limited. Hayashi and R'

Ito reported a pioneering work on asymmetric Kumada coupling

using a chiral kael. catalyst for the synthe5|§ of’-l?l_haphthyl . Table 1. Asymmetric [2+2+2] Cycloaddition Using Chiral Iridium
compounds.Hayashi further reported an enantioposition-selective complexes

cross-coupling using a chiral palladium catalystd an asymmetric

Kumada coupling of dinaphthothiophene based on the concept of O O
dy_namic kine_tic resolutioﬁAsymmetric Suzuki coupling using a _ o ® [ICI(cod)]y+2ligand

chiral palladium catalyst is another approach for the catalytic — (x mol%)

synthesis of axially chiral biaryfsOxidative coupling of 2-naphthol Q |l xylene, 100 T vlene 100°C O
derivatives has also been reported for the synthesis of BINOL = O

derivatives using chiral copgeor oxovanadium complexés. O OMe OO
However, all of these procedures involve the asymmetric coupling (3 equiv) 3aa
of aryl compounds. 1a 2a + 3aa-meso

We report here an asymmetricif2+2] cycloaddition of aro,w-
diyne and monoalkynes as a new approach for obtaining axially entry ligand Ximol%  timeh  yield%  dlimeso  eef%
chiral compounds possessifig symmetry!®11[2+2+2] Cycload-

1 (9-BINAP 10 4 31 60/40 6
dition is a common protocol for the synthesis of substituted aromatic 2 (SS-BDPP 10 6 39 45/55 51
compounds, and various transition metal complexes, including those 3  (§9-MeDUPHOS 10 1 83 >95/5 99.6
of cobalt, rhodium, and palladium, have been reported to be efficient 4  (§9-EtDUPHOS 10 1 75 >95/5 998
catalystst? We considered that the cycloaddition of apw-diyne, 2 EEVSR))-I\F;IA:DDGJ;-TSSS 12 i gg iggﬁg 338
possessing ortho-substituted aryls on its terminus, and a disubstituted 7 (55-MeDUPHOS 2 1 89 >05/5 993
alkyne would give an axially chiral teraryl compound due to steric 8  (S9-MeDUPHOS 0.5 3 84 98/2  99.1

hindrance betweenrand R (Scheme 1}3 _ _ _
We have previously reported an iridium complex-catalyzed aAn opposite enantiomer to the above structure3a was obtained.
[2+2+1] cycloaddition of arx,w-diyne and carbon monoxide. As ) . )
a minor product of this reaction, we obtained a polysubstituted (€Ntry 1)- BDPP gave moderate enantioselectivity, but the diaste-
benzene, which resulted from the4f2+2] cycloaddition of the ~ eoselectivity was low (entry 2). We found that MeDUPHOS (1,2-
a,o-diyne itselfi42 We anticipated that iridium complexes would ~ PiS-(2,5-dimethylphospholano)benzene) gave the best results: the
show high catalytic activity in [22+2] cycloaddition for the ~ Mescisomer could not be detected in the NMR spectrum, and the
synthesis of a congested polyaryl compound, and examined the€nantioselectivity exceeded 99% (entry 3). EtDUPHOS_gave almost
cross-coupling of propargyl ether possessing naphthyl gramps e same results (entry 4), anR,R)-MeDUPHOS provided the
and methyl-protected 2-butyne-1,4-da using an Ir-dppp com-  OPPOSite enantiomer (entry 5).No decrease in selectivity was

plex1415 As a result, teraryBaawas obtained as a mixture df observed upon lowering the amount of catalyst to 2 mol %, and a
andmesoisomers, and thel isomer was resolved by HPLC using  igh ee of 99.1% was achieved, even with 0.5 mol % catalyst
a chiral column. (entries 6-8).

Next, we investigated the reaction conditions for asymmetric  1"€ asymmetric [22+2] cycloaddition of varioust,w-diynes
coupling (Table 1): while BINAP was the first choice as a chiral and protected 2-butyne-1,4-diols (3 equiv) was examined using

ligand, both the yield and the enantioselectivity3afa were low the I-MeDUPHOS catalyst, and extremely high enantio- and
diastereoselectivities were achieved in each reaction (Table 2). THP-

t Waseda University. and TBS-protected diol®b,c were also good coupling part-
* Okayama University. ners, and the ee was extremely high after deprotection toddiol
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Table 2. Asymmetric [2+2+2] Cycloaddition of Various
o,w-Diynes and Monoalkynes

OR Ar
_ [IrCl(cod)],+2MeDUPHOS
Z/ = Ar a (10 mol%) . OR
o OR
\ — A xylene, 100 °C, 1 h
OR Ar
1a-g 2a (R=Me) 3 (Ris not H)
2b (R=THP) 4 (R=H)
2c (H:TBS)
2d (R=MOM)
entry Ar z diyne R yield/%? eel%
1 1-naphthyl O la THP 76 @aP 99.9
2 1-naphthyl O la TBS 74 Bag 99.5
3 1-naphthyl O la MOM 76 (3ad)y 98.5
4 2-MeGHs O 1b Me 85 (3ba) 99.6
5 2-CIGHs O lc Me 85 (3ca) 97.7
6 4-MeO-1- o 1d Me 72 (3da) 99.4
naphthyl
7 1-naphthyl  NTs le Me 92 Bed 99.4
8 1-naphthyl  NTs le THP 97 @eP 99.1
9 1-naphthyl C(CGEt), 1f Me 77 @fa) >09.8
10  1-naphthyl CH 1lg Me 96 3ga) >99.8
11  1-naphthyl CH 1lg TBS 77 Bgoe 98.6

aOnly dl isomer was detected by NMR spectrum, except entries 3 and
11.° Yield and ee were determined as dialor 4e after deprotection using
PPTS in EtOH‘ Ee was determined as didk or 4g after deprotection
using TBAF in THF.9 dl/mese= 93/7.¢dl/meso= 91/9.

(entries 1 and 2). 2-Methyl-, 2-chlorophenyl, and 4-methoxy-1-
naphthyl were acceptable as substituents on the terminogwef
diynes (entries 46). Nitrogen-bridged diynes also reacted with
alkynes2ab in high ee and de (entries 7 and 8). In the reaction of
carbon-bridged diynedf,g and methyl etheRa, almost perfect
enantioselectivity was achieved, and the peak of the minor
enantiomer was below the level of detection by HPLC analyses
(entries 9 and 10).

With a cis-olefinic tether, octa-1,7-diynéh also reacted with

alkyne2a under the same reaction conditions, and the subsequent

aromatization by DDQ oxidation gave chiral ternaphtByla in
high ee and de (eq 15.

C:1-Naphthy|
|

——1-Naphthyl
1h (Z.E=5:1)

The same reaction
conditions as Table 2

OMe DDQ OMe
— (Eq. 1)
OMe OMe
3ha 5ha
76% based on Z isomer 78% (dI/meso= >95/5)
95% ee

The present asymmetricf2+2] cycloaddition was applied to
the unsymmetrical diyn6, and the chiral biaryl compoundwas
obtained (eq 2). In this reaction, EtDUPHOS gave a significantly
better enantioselectivity than MeDUPHOS.

IMe

Me
[IrCl(cod)],+2ligand
/—<\: > (10 mol%)
z + 2a— .~ 7 OMe £q.2)
= Me xylene, 100 °C OMe
6 Me
Z=C(COEt), 7

86%, 58% ee by MeDUPHOS
85%, 81% ee by EtDUPHOS
In conclusion, we have reported an asymmetric-22-2]

cycloaddition of diynes and alkynes with oxygen functionalities.
This reaction proceeds with extremely high enantio- and diaste-
reoselectivity to give various axially chiral compounds. The present
procedure provides access to a new chiral pool of diol compounds
possessing, symmetry.
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