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FLONTDE OPINING WITH ARGANOCUPRATES
AND GRIGNARD RLAGENTS IN THI PRESENCE OF CHIRAL LIGANDS

Stephen G Davies 1 and Susan Wollowitz
Institut de Chimie des Substances Naturelles, 91190 Gif-sur-Yvette, Trance

Summary The reaction of cyclohexene oxide with organocunrates and Grignard
reagents 1n the presence of chiral ligands to give chiral B-substituted alcohols
in low optical vields 1s described

The formation of chiral secondary alcohols by reduction of ketones with
chiral hydride rcagents or bv reaction of aldehvdes with organometallic reagents
1n the presence of chiral ligands has been highly successful 1n recent years2
llowever, the selective opening of epoxides to give B-substituted alcohols with
two asymmetric centers has remained unlnvestlgatch. Organocuprateq4 and
Grignard reagents5 read1ly open epoxides and 1t was postulated that these
reactants 1n the presence of chiral ligands would cleave epoxides regiospecil-
fically to yield optically active alcohols We report herein the results of the

opening of cyclohexene oxide by chiral complexed nucleophiles
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Initially, mixed cuprates were studied under a varictv of conditions Thus,
treatment of Cul with the 1i1thium base of a chiral alcohol or amine and subsequent
addition of MelL1 yielded the chiral mixed cuprate (Table) Reaction with
cyclohexene oxide gave trans-2-methylcyclohexanol in low optical yields In-
creased coordination to the cuprate (Runs 8 and 9) appeared to be detrimental to
the course of the reaction® The use of MeMgBr for cuprate formation (Run 10Q)
gave a significantly better 1solated yield but again the optical yield was low
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Table

Lpoxaide Opening with Chairally Complexed Nuclcophllesa

b

Run Ligand M solvent temp(°C), [major optical _iyield
£ e product| vield % ° 5
H
1 (+)1Wr=+f Li* Et,0 0°,10m1n, - <1
NI 25°,3h
NH -
2 L1t Lt,0 0°,10m1in, - <1
25%,3h
(+)
3 [i:L Lyt Et,0 0°,10min, - <1
(=) O " 25°,3h
A 2
I d o
3 Ph—~ L1t Lt,0 0°,10m1in, - €0 5 25
HN 25°,3h
(+) OMe . .
5 I Ft,0 0°,5h RR 3.1 25
6 Ph Ve d L1t Et,0 0°,5h SS 34 39
7 1 — H 11t Ft,0 -4073days 55 33 30
J
8 HO - AMe, 1iy* lie,0 + 1 eq |0°,5h 55 1" 39
(=) TMEDA
9 L1* DMF Et,0 -15°, 18h - - 0
31
10 MgBT |THF Me->$,12 1|0°,3h RR 0 4 60
+ 1 eq MeMgBr
118 gMe Fts0 -15°16h RR 36 8
f
,‘H +
12 N N L1 Et,;0 0°,4h, - - 0
| o’ “h 25°%,2 days
(-) Me
13 (-)D10PP L1t Et,0 0°,5h RR 0 8 39
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Although R,Mg 1n the presence of chiral ligands rcacts with aldehvdes to
give alcohols with excellent optical Vleldsz, 1n our 1nvestigation a similiar
procedure (Run 11) offered no advantage over the cuprate rcagent

Finally, the cleavage of the epoxide with Me,Cul1 DIOP occurred with only
slight optical 1nduction )

Recently, there have hecen several investigations of 1,4 conjugate addition

B 3

of cuprates and CuX catalyzed Grignard rcagentsH to x,3-unsaturated carbonyl
compounds 1n the presence of chiral ligands Generally, the optical yields are
similar to those observed 1n the present studv though the reactions arec mecha-

nistically dlfferentd. However, MuklavamdSb

has reported the catalyzed Grignard
addition to chalconc 1n the presence of (S)-V-methvlprolincl to give optical
vields up to 68% under specific conditions (CuBr, THF solvent). lhus, while
decreased complexation of the metal appears to be important for optical induc-
tion 1n conjugate addition reactions, 1t 1s fatal to cuprate opening of epoxides
It 1s not possible, from the rcsults reported here, to propose a geometry
at copper in the transition state but the stereochemistrv at the metal does not

dappear to be of major importdance itn the course of the reaction

Footnotes to Table

(a) A typical procedure 135 as follows The chiral basc (2 mmol) 1n 2 mL of dr)
cther was deprotonated with MeLi (2 mmol) at -20 to -30°C under N, After 5 min
the solution was added to a suspension of Cul (2 mmol}) 1n 1 mL of_ether
Addition of Mel1 (2 mmel) to the resulting palc yellow suspension gave a homo-
gonous yellow solution To this, cyclohexene oxide (1 mmol) in 1 5 mL of ether
was added and the reaction was stirred under the conditions shown 1n the Table
After quenching with sat ag MNi,Cl and workup, the resulting solution was con-
centratcd and the product was 1solated by preparative GLC (SF-30, 20% on Chrom
W). (b)) TMEDA=N,N,N',N'-tetramethvlethylencdiamine, DME=1l,2-dimethoxvethane,
(~)DIOP=(-)-0,0"-1s0propvlidene-2,3-dihydroxy-1,4-bis(diphem Ilphosphino)butane
{¢) Optical yields are based on pure alcohol having a rotation of 42 9° 1in MeOH
(see ref Ya) with an absolute configuration as in ref 9b (d) Sec refl 7b

(e) Cul omitted (£) See ref 2

Acknowledgement One of us (S.h ) wishes to thank the National Science

Foundation and the Centre National de la Recherche Scicntifique for a post-
doctoral fellowship.



4178

References and Notes

1)

3)

4)
5)

6)

8)

9)

Present address The Dyson Perrins labordatory, South Parks Road, Oxford
0X1 3QY, rngland

T Mukaiyama, K Soa1, T Sato, H Shimizu and K Suzuki, 7 Am Chem Soc ,1979, 101

1455 and references therein

Ihe opening of cyclohexene oxide with chiral amide bases to give allyl
alcohols has recently been shown to occur with poor optical yields, J
Whitesell and S.W% Felman, J Org Chem ,1980, 45, 755

G Posner, Org Reactions, 1975, 22, 253

N G Gaylord and kE I Becker, Chem Rev , 1951, 49, 413, M S Kharasch and O
Reinmuth, "Grignard Reactions of “onmetallic Substances', p 961, Prentice-Hall
Inc , Englewood Claiffs,N J , 1954

Me,Cul1 1s considerably less reactive to this epoxide 1n THF than in ether,
R W Herr, D.M Wieland and C R Johnson, J Am Chem Soc , 1970, 92, 3813

(a) 7 S Zwerg, J L Luche, Lt Barreiro and P Crabbé&, Tetrahedron Lett ,1975

2355, (b) F Ghozland, J 1 Luche and P.Crabb&, Bull Soc Chim.Belg , 1978, 87
369, (c) B.Gustafsson, Tetrahedron, 1978, 34, 3023.

(a) R Kretchmer, J Org Chem ,1972, 37, 2744, (b) T.Imamoto and T.Mukaivama,
Chem.Lett , 1980, 45

(a) R Backstrom and B Sjyoberg, Ark.Kemi, 1967, 26, 549, (b) J.H Brewster,
J Am.Chem Soc , 1959, 81, 5483

(Received 1in France 31 July 1980)



