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Novel Axial Chiral Catalyst Derived from Biphenyl Ligand 
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Abstract: The two diastereomers of novel C2-symmetric bisoxazoline ligand bearing only 
two ortho-substituents 4 exist in equilibrium in solution. However, when the ligand was 
coordinated with Cu(I), only one of the two possible diastereomeric complexes, 5- 
(S,S,S), was formed. With this complex as a chiral catalyst, up to 92% ee was attained 
for the asymmewic cyclopropanation of styrene with diazoacetate. 
© 1997 Elsevier Science Ltd. 

The chiral oxazolines derived from readily available aminoacids have found widespread use as chiral 
ligands in metal-catalyzed asymmetric reactions. 2 Our recent attention has been focused on the synthesis and 
application of novel bisoxazoline ligands with multi-chiralities such as 13 and 24, the former possesses the 
chirality of the 1,3-dioxolane group derived from tartaric acid and the latter possesses the planar chirality of 
ferrocene besides the chirality of oxazoline groups. Ligand 2 can be further modified to new ligand 3 which is 
the fin-st C2-symmetric ligand possessing only the planar chirality of ferrocene. 5 All of these ligands show 
excellent enantioselectivities in metal-catalyzed asymmetric reactions. 3-5 We here wish to report another novel C 2- 
symmetric chiral bisoxazoline ligand 4 derived from chiral 2-aminoalcohol and achiral 2,2'-biphenyldicarboxylic 
acid. When the ligand was coordinated with a metal such as copper(1), a stable axial chirality of biaryl was 
induced and only one of the two possible diastereomeric complexes was formed. With this complex as a chiral 
catalyst, excellent enantioselectivity was attained for the asymmetric cyclopropanation of styrene with 
diazoacetate. 6 

..R 

 cooR 
F ̂  ~'PPh2 N ' " - ' " " R  Fe "~P~P.h2 

~= .,,PPh2 N ~ R  .,,HHn2 

R R 

1 2 3 4 

It has been pointed out that enantiomerically stable biphenyls require at least three ortho-substituents to 
avoid the racemization due to the rotation around the internal bond of the biaryls. 7 Since compound 4 has only 
two ortho-substituents, the two diastereomers, 4-(S,S,S) and 4-(S,R,S), should be present in equilibrium in 
solution due to the rotation, and one of the diastereomers, 4-(S,S,S), should dominate over the other, 4-(S ,R ,S), 
owing to the difference in the steric repulsion between the substituents on the oxazoline rings of the two 
diastereomers (Scheme 1, proposed according to an examination of CPK models). Upon coordinating with a 
metal, the spacial distance between the two coordination sites decreases, causing amplified difference in the steric 
repulsion between the substituents on the oxazoline rings of the two diastereomeric complexes, 5-(S,S,S)  and 5- 
(S,R,S), and an additional difference in the steric repulsion between the substituent on the oxazoline ring and 
other coordinated moieties on the metal of the two diastereomeric complexes. Therefore, one of the 
diastereomeric complexes, 5-(S,S,S) proposed, should form in preference to the other, 5-(S,R,S), and the ratio 
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of the two diastereomers of 5 should be larger than that of 4. If the ratio is large enough, it may be possible to 
utilize the complex as an axial catalyst in asymmetric reaction: 
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Scheme 2 (a: R=i-Pr, b: R=t-Bu) 

Compounds 4 a, b were readily synthesized from 2, 2'-biphenyldicarboxylic acid and chiral aminoalcohol 

via the corresponding [3-hydroxylamides 7a,b and mesylates 8a,b successively as intermediates (Scheme 2). 

Thus, 2,2'-biphenyldicarboxylic acid dichloride 6 was stirred with (S)-valinol and triethylamine in 
dichloromethane at 25 °C for 3 h to give 7a in 77% yield. Then, a mixture of amide 7a, methanesulfonyl chloride 
and triethylamine in dichloromethane was stirred at 25 9C for 4 h to give bisoxazoline compound 4a in 83% yield 
as a colorless viscous liquid, without the isolation of the dimesylate intermediate 8a . '  In the same way, the 
oxazoline 4b was prepared in about 60% overall yield from 2,2'-biphenyldicarboxylic acid and (S)-tert- 

leucinol. I° 
As expected, the two diastereomers of ligand 4 were observed in solution by tH NMR, existing in 

equilibrium due to the rotation around the internal bond in the biphenyl unit. In chloroform-d at 26 ':~, the ratio of 
the two diastereomers of 4a was 2.5:1 ( 4 a - ( S , S , S ) : 4 a - ( S , R , S ) ) ,  9~ while the ratio of the two diastereomers of 4b 
was 2.1:1 ( 4 b - ( S , S , S ) : 4 b - ( S , R , S ) ) .  '°~ Though 4b has bulkier substituents than 4a, the diastereomer ratio of 4b 
was slightly lower than that of 4a. This may be ascribed to the reverse effect arising from the large steric 
repulsion between the oxazolinyl ten-butyl group on 
one benzene ring and 5,6-position protons of the 
other benzene ring in 4b. We then investigated the 
equilibrium between the two diastereomers of 4a at 

different temperatures and in different solvents 1 CD3OD -90 8.5 : 1 
(Table 1). As can be expected, lower temperature 2 -60 7.9 : 1 
gave a higher ratio, and at -90 qC up to 8.5:1 ratio 3 -30 4.3 . 1 
was obtained in methanol-d'. At higher temperature, 4 26 3.9 : 1 
the ratio went down and at about 40 eC, the signals 5 40 broad one peak 

of the two diastereomers in IH NMR broadened to 6 CDCI3 -60 5.5 : 1 
coalesce in both methanol-a ¢ and chloroform-d. It 7 -30 4.1 : 1 
was also shown that a polar solvent gave a larger 8 26 2.5 : 1 
ratio than a nonpolar solvent (Table 1, entry 4, 8, 9 40 broad one peak 
10). l0 C6D6 26 1.9 : 1 

Table 1. Diastereomer ratio of 4a. 
temp 

entry solvent ('C) 4a-(S,S,S)  : 4a-(S,R,S)  a 

a D¢termined by IH NMR. 
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Next, we examined the complexation behavior of these ligands with a copper(l) triflate benzene complex 
[Cu(I)OTf(CtHt)0.5] in solution. To a solution of ligand 4a  in dichloromethane-a ¢ was added 1 equiv, of the 

copper(I) triflate benzene complex and then the suspension was stirred at room temperature for 2 h under argon 
atmosphere. Interestingly, the IH NMR of the resultant clear solution showed the formation of only one of the 
two possible diastereomeric complexes with C2-symmetry. The structure of this complex was tentatively 
assigned to 5 a - ( S , S , S )  tl in which the steric repulsion between the two substituents on the oxazoline tings and 
between the substituent and the OTf group coordinated to Cu(I) is smaller than that in the complex 5a- (S ,R ,S )  by 
an examination of CPK models. The same behavior was also observed in the solution of chloroform-d. In the 
same way, ligand 4 b  gave the same result as 4a  and afforded only one diastereomeric complex, 5b- (S ,S ,S ) .  12 

To the best of our knowledge, this is the fh-st example of biphenyl derivatives beating only two ortho- 

substituents with stable diastereomerically pure axial chirality. 
In recent years, copper(1)-catalyzed cyclopropanation of olefin, especially styrene (Scheme 3), as an 

important asymmetric catalytic reaction has been investigated using various oxazoline compounds as chiral 
ligands, and high enantiomeric excess was reported. 1,13 In order to examine the ability of the present new kind of 
bisoxazoline compounds as chiral ligands, we also carried out the copper(I)-catalyzed cyclopropanation of 
styrene with diazoacetate using 4a ,b  and a copper(I) triflate benzene complex as a preliminary experiment and up 
to 92% ee was attained for the cis-isomers of product 10b  when/-menthyl  diazoacetate was used (Table 2). 14 

PhCH=CH2 C ~  R O O C ~  
+ Cu(I), Ligand ~ ROO Ph + Ph 

CH2Cl2 ~ C  P h'Z~C 
N2CHCOOR It, 24 h P OOR OOR 

9a,b 10a,b 

Scheme 3 (a: R=Et, b: R=l-menthyl) 

Tab le  2. Asymmetric cyclopropanation of styrene with diazoacetates catalyzed by 
copper(I)-bis(oxazolinyl)biphenyls, a 

diazoacetate yield b ratio C of % ee d (config) e 
ligand 9 (R) (%) of 10 trans/cis trans cis 

4a 9a (Et) 72 74/26 49 (1R, 2R) 59 (IR, 2S) 

4a 9b (l-menthyl) 60 79/21 70 (1R, 2R) 87 (IR, 2S) 

4b 9a (Et) 69 68/32 74 (1R, 2R) 84 (IR, 2S) 

4b 9b (l-menthyl) 60 81/19 84 (1R, 2R) 92 (1R, 2S) 
a The reaction was carried out in dichloromethane in the presence of 1 mot% of the copper(I) 

catalyst at rt for 24 h under argon: dichloromethane (2.0 ml), styrene (1.0 mmol), diazoacetate (1.3 
mmol), ICu(1)OTf(C6Ht)0.5 ] (10 p. mol), ligand (111.1 mol). b Isolated yield of a mixture of trans- 
10a,b and cis-lOa,b, c The ratio of trans-lOa,b/cis-lOa,b was determined by GC analysis. 
d Determined by GC analysis with Chiraldex G-TA for 10a, and with DB-I for 10b. e Absolute 
configuration of trans-lOa and cis- 10a ,.,,,as determined by measurement of their specific rotation 
values, 15 and that of trans-lOb and cis-lOb was determined by chemical correlation with 10a. f 
f Transformation of 10b to 10a was carried out in refluxing ethanol in the presence of a small 
amount of H2SO 4. 

We are currently studying other members of this kind of ligand (R= Me, Ph, CH2Ph, etc.) to clarify the 

effect of the substituents on the oxazoline rings on coordination with Cu(I). The complexation behavior of this 
kind of ligand with other metals as well as other metal-catalyzed asymmetric catalyses is also under investigation 
in our laboratory. 
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