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Abstractz Optically active 8.8’-di(oime~ylsily1)-5.5’,6.6’.7,7’.X,X’-ocwhydro-2,2’-biyuinoline (7) was found to be an 

effective catalyst for enantioselective cyclopropanalion of olclins. For cxamplc. the reaction of styrene and r-bulyl 

diazoacetate in the presence of 7 proceeded with high enantioscloctivity of 92% ee, to give r-butyl rrans-2- 

phenylcyclqxqanecarboxylate. On the other hand, the reaction of frcms-g-mcthylstyre gave the cis-isomer of >99% 

eeasamajurpmduct. 

Introduction of well-designed optically active phosphine ligands has facilitated the advancement of 

asymmetric synthesis and many useful asymmetric reactions reaching extremely high level of enantioselectivity 

(>99% ee) have so far been reported.‘) Recently, however, some nitrogen ligands such as semicorrine and 

bis(oxazolines) were also shown to be very effective chirat controllers. . 2, In order to extend the utility of 

nitrogen ligands, we synthesized optically active bipyridine ligands 1 and 2 and examined cyclopropanation of 

styrene with them.3.4) Although asymmetric induction by 1 and 2 was not very high (72-77% ee), these results 

showed high potentiality of this type of ligands as a chiral controller, because chiral semicorrine 35) and 

Ph/= + NaCHCOzR eaJysL_ Ap2R + 

Ph’ PhAcO R 2 

CuOTf-1: R= I-Bu (lR.2R: 77% cc) 2.6 : 1 (IR,2S; 73% ee) 

CuOTf-l: R= I-Bu (lR,2R: 72% cc) 2 : 1 (IRZS; 67% ee) 
3: R= EL (IS.ZS, SY% CC) 3 : 1 (G2R. 45% ee) 

CuOTf-l: R= Et (lR.21?: 4Y% cc) 2.3 : I (lR2.t 45% ee) 

@qA TBBO&OTBB ifi% 

(S.S)-1 n=2,(S.S)-2 n=l 3 4 
Scheme 1 

bis(oxazolines) 42e) bearing a small group such as r-butyldimethylsiloxymethy and isopropyl groups. 

respectively, on its stemogenic carbons show relatively poor asymmetric induction as compared with 1 and 2 

nearing the smaller methyl group, though diazo esters used are different (Scheme 1). 

In order to further explore the possibility of chit-al bipyridine ligands as a chiral controller, we synthesized 
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several new optically active bipyridine ligands (5-g) bearing bulky C8(8’) substituents. and examined 

cyclopropanation of olefins. 

These optically active bipyridines (S-8) were prepared as follows. 2-Chloro-5,6,7,8-tetrahydroquinoline 

(9) was successively treated with LDA and the corresponding electrophiles to give CB-substituted 

tetrahydroquinolines Ma-d. Resolution of dl-10sd was examined with aid of various optically active acids 

but all the attempts were unsuccessful. Finally dl-lOa,c-e were resolved by HPLC using optically active 

column (Daicel Chiralcel, OF) and respective enantiomcrs that were eluted first from the column, were used for 

the next reaction. Optically active lOa,c-e6) were subjected to homocoupling reaction in the presence of 

NiCl27) to give bipyridines (5-S) and a trace amount (~0.5%) of the corresponding meso-isomers, which were 

readily separated by column chromatography. 

m 
I ’ 

1) LDA 

N’ CI 2) E 

E= i-PrI, acetone, TMSCI, TESCI 
v 

I ’ 
N’ CI 

9 
E 

10s: E= i-Pr (58%) 

lob: E= CMcz(OH) (60%) 
10~: E= TMS (58%) 

> 
1) BuLi, 2) MeOTf 

10d: E= TES (25%) 
1Oe: E= CMcz(OMc) (58%) 

HPLC NiC12. PPhg 

Daicel Chiralcel, OF zn 

5: E= i-Pr (46%) 
6: E= CMcz(OMe) (66%) 
7: E= TMS (65%) 

Scheme 2 
8: lk TES (50%) 

With these bipyridine ligands in hand, we first examined copper-catalyzed cyclopropanation of styrene 

with r-butyl diazoacetate. Copper catalysts were prepared by mixing CuOTf*O.5C&*) with ligands according 

to Evans’ procedu&e) and immediately used for the reaction.9) The results obtained were summarized in Table 

1. Although replacement of C8(8’) methyl groups in 1 with isopropyl group did not improve the enantio- 

selectivity, that with the bulky substituents such as 2-methoxy-2-methylethyl and trimethylsilyl groups enhanced 

the enantioselectivity to 83 and 92% ee, respectively. However, the introduction of further bulky triethylsilyl 

group gave negative result. On the other hand, truns-cis ratio was not strongly affected by variation of C8(8’) 

/= 
CuOTf-bipytidinc 

..’ 
Ph 

+ N,CHCOzBu-r 
P dichloromethanc Ph 

co&kt + a 

Ph’.’ “cO,l?w 
cram cis 

Table 1. Asymmetric cyclopropanation of styrene. 

Entry bipyridine Yield (%) trum : cis a) % ee (rrum)“) 

1 5 64 75 : 25 77 

2 6 53 66 : 34 83 

3 7 75 86: 14 92 

4 8 75 57 : 43 66 
a) Rano of tratrs- and ns-isomers was determined by using capillary gas chromatography. 
b) E.e. was determined by the reported procedure (reference 3). 
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subs&ems but higher asymmetry-inducing catalysts tend to give higher wan.+cis ratio, except for 6. Absolute 

configuration of trans- and c&isomers produced was determined to be lS,2S and lS.2R. respectively, 

according to literature procedute.3~) Although absolute configuration of optically active bipyridines (S-8) was 

not determined yet. their configuration was presumed to be 85,8’S for 5 and 6 and 8R.8’R for 7 and 8 from 

the comparison of the above and previous results (Scheme I), as described in Scheme 2, since it seemed rational 

to consider that the reactions catalyzed by copper complexes bearing 1.5-8 as ligands, follow the same steric 

We next examined cyclopropanation of various olefins and the results are shown in Table 2. Reaction of 

mono-substituted olefins showed high enantioselectivity of >83% ee (entries 1-S). Styrene derivative bearing 

electron-withdrawing group showed higher enantioselectivity than that with electron-donating group, 

suggesting the participation of electrophilic copper-carbene species in this reaction.tO) Cyclopropanation of cis- 

P-methylstyrene showed very high truss-selectivity but enantioselectivity was decreased to some extent (entry 

6). 
Table 2. Asymmetric cyclopropanation of various olefins with 7 as the chiral source. 

Entry substrate Yield (%) fram : cis a) 8 ee (mm+) 8 ec (cis)@ 

1 p-chlorostyrene 72 82: IX 95ci) 9gci) 

2 styrene 75 86: 14 92cii) ggcii) 

3 p-methoxystyrene 73 90: IO 83ciii) >ggciii) 

4 l-octene 65 85: 15 91@ _dii) 

5 1 -pheny lbutadiene 90 70 : 30 g3civ) 89civ) 

6 cis-amethylstyrene 94 >99: 1 73e) 

7 zrans-pmethylstymne 54 40 : 60 24e) >99@ 
a) Ratto of trans- and cis-Isomers determmed by usmg capdIary gas chromatography. 
b) Absolute configuration of the product was not determined, except for the one derived from styrene. 
c) Determined by HPLC using optically active column: i) after LAH reduction and acetylation, rrwts : (Daicel 
Chiralcel OD; Hexane/i-PtOH lOO:l), cis : (Daicel Chiralcel OF; Hexane/i-PtOH 400:1), ii) after LAH 
reduction (Daicel Chiralcel OJ; Hexaneli-PtOH 9: l), iii) after LAH reduction, warts : (Daicel Chiralcel OD, 
Hexane/i-PrOH 9:1), cis : (Daicel Chiralcel OJ; Hexane/i-PrOH 9: I), iv) (Daicel Chiralcel OF; Hexane/i- 
PrOH 1OO:l). 
d) i) Determined by lH NMR analysis of the corresponding methyl ester in the presence of Eu(hfc)g., ii) Ee of 
the cis-isomer was not determined. 
e) Determined by capillary gas chromatography of the corresponding (S)-(+)-octyl ester (see reference 5). 

Differing from other substrates, trans$methylstyrene showed reversed cis-selectivity and the 

enantiomeric excess of the rranr-isomer was poor (entry 7). However, the enantiomeric excess of the major cis- 

isomer was found to be excellent (>99% ee). tt) This result is different from that with bis(oxazolines). For 

example, cyclopropanation of trans-anethole with d-(+)-menthyl diazoacetate in the presence of chiral 

bis(oxazolines)-Cu(II) complex gave a mixture of the corresponding tram (88% ee) and cis-isomers (65% ee) 

in the ratio of 95:5.2c) Although c&selectivity was also observed in the cyclopropanation using chit-al rhodium- 

porphyrin complex as a catalyst, moderate level of asymmetric induction (IO-602 ee) was observed.12) Further 

study of new aspect of chiral Cu-bipyridine catalyst is under way in our laboratory. 

Typical experimental procedure was exemplified by cyclopmpanation of styrene using CuOTf.7 complex 

as a catalyst: To a suspension of CuOTf&5CgHe 2e*9) (1.6 mg, 6.4 pmol) in CH2C12 (1.25 ml) was added a 

solution of 7 (2.8 mg, 6.8 pmol) in CH2C12 (0.25 ml). After 30 min. the mixture was filtered through a packed 
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adsorbent cotton under argon and, to the filtrate, was added styrene (0.289 ml, 2.5 mmol). To the solution was 

added dropwise a solution of r-butyl diazoacetate (71 mg, 0.5 mmol) in CH2C12 (0.5 ml) over a period of 1 h. 

The mixture was stimd for additional 1 h and concentrated in vacua. The residue was passed through a short 

silica gel column to afford a mixture of r-butyl rruns- and cis-2-phenyl-cyclopropane-1-carboxylates as a.colorless 

oil. Separation of tram- and c&isomers was performed by preparative TLC (Hexane/i-Pr20 5:l). Optical 

purities of rrans- and cis-isomers were determined by HPLC. 

Acknowledgement: Financial supports from the Grant-in-Aid for Scientific Research from the Ministry of 

Education, Science, and Culture, Japan and Ono pharmaceutical Company Ltd., are greatly acknowledged. 

References and Notes 

1. a) Ojima, I.; Clos, N.; Bastos, C. Tetrahedron, 1989, 45, 6901. b) Brunner, H. Synthesis, 1988, 645 

and references cited therein. 

2. a) Fritschi, H.; Leutenegger, U.; Pfaltz, A. Angew. Chem. Inr. Ed. 1986,25, 1005. b) Leutenegger, U.; 

Umbricht, G.; Fahrni, C.; von Matt, P.; Pfaltz, A. Tetrahedron, 1992,48, 2143. c) Lowenthal, R.E.; 

Abiko, A.; Masamune, S. Terruhedron Left. 1990,31, 600.5. d) Lowenthal, R.E.; Masamune, S. 

Tetrahedron Left. 1991,32, 7373. e) Evans, D.A.; Woepel, K.A.; Hinman, M.M.; Faul, M.M. J. Am. 

Chem. Sot. 1991,113, 726. f) Corey, E.J.; lmai, N.; Zhang, H.-Y. J. Am. Chem. Sot. 1991,113, 

728. g) Nishiyama, H.; Kondo, M.; Nakamura, T.; ltoh, K. Organomeruflics, 1991,10, 500. 

3. Ito, K.; Tabuchi, S.; Katsuki, T. Synferr, 1992, 575. For other examples of optically active bipyridines, 

see, a) Bolm, C.; Zehnder, M.; Bur, D. Angew. Chem. Inr. Ed. 1990.29, 205. b) Gladiari, S.; Pinna, 

L.; Delogu, G.; Graf, E.; Brunner, H. Terruhedron Asymmetry, 1990, I, 937. 

4. For the catalytic asymmetric Simmons-Smith reaction, see Takahashi, H.; Yoshioka, M.; Ohno, M.; 

Kobayashi, S. Terrahedron Lerr. 1992.33, 2575. 

5. Fritschi, H.; Leutenegger, U.; Pfaltz, A. Hefv. Chim. Acra. 1988, 71, 1553. 

6. Optical purities of these less polar isomers (lOa,c-e) were >99% ee and all these enantiomers have 

negative optical rotation in chloroform. 

7. Tiecco, M.; Testaferri, L.; Tingoli, M.; Chianelli, D.; Montanucci, M. Synrhesis, 1984,736. 

8. CuOTf.O.5CeHe was prepared according to the literature: Salomon, R.G.; Kochi, J.K. J. Am. Chem. 

Sot. 1973,95, 3300. 

9. A solution of CuOTf-7 complex in dichloromethane is not very stable, though it can be stored at least for 

three days at r.t. Therefore, the complex was immediately used after its preparation. 
10. The same phenomena were observed in the epoxidation reaction, in which electrophilic oxo-iron species 

was postulated as a reaction intermediate. Naruta, Y.; Tani, F.; lshihara, N.; Maruyama, K. J. Am. 
Chem. Sot. 1991, I13, 6865. 

11. E.e. of the &-isomers produced from mono-substituted olefins was also higher than that of the 
corresponding tram-isomers. The same phenomena has been observed in the cyclopxopanation of stymne 
with r-butyl or d-menthyl diazoacetate catalyzed by chiral 5-aza-semicorrine (reference 2b), although e.e. 
of nuns-isomers was better when ethyl diazoacetate was used. 

12. O’Malley, S.; Kodadek, T. Terruhedron Lerr., 1991,32, 2445. Cyclopropanation catalyzed by chiral 
dioxymato Co-complex also provides a marginal excess of cis-isomers : Nakamura, A.; Konishi, A.; 
Tatsuno, Y.; Otsuka, S. .I. Am. Chem. Sot. 1978, 100, 3443. 

(Received in Japan 9 February 1993) 


