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chemical course of fundamental reactions such as hydrogenatiolls.
isomerizations, epoxidations, dihydroxylations, cyclopropanations.
and aziridinations of alkenes, carbonyl reductions, carbonyl addi-
tions, aldol condensations, and pericyclic reactions has revolution-
alized organic synthesis (see Schemes Αl-Α18 ßη the Appendix το
this chapter for representative examples and references).5 55

Ιη α catalytic asymmetric reaction, α small amount of αη enantio-
merically pure catalyst, either αη enzyme or α synthetic, soluble
transition metal complex, is used to produce large quantities of αη
optically active compound from α precursor that may be chiral or
achiral. Ιη recent years, synthetic chemists have developed numer-
ous catalytic asymmetric reaction processes that transform prochiral
substrates into chiral products with impressive margins of enantio-
selectivity, feats that ν/ετε once the exclusive domain of enzymes.56
These developments have had αη enormous impact οη academic
and industrial organic synthesis. Iη the pharmaceutical industry.
rvhere there is α great emphasis οη the production of enantiomeri-
cally pure compounds, effective catalytic asymmetric reactions are
particularly valuable because one molecule of αη enantiomericailr
pure catalyst can, ßη principle, direct the stereoselective formation
of millions of chiral product molecules, Such reactions are thus
highly productive and economical, and, ιvhen applicable, they
make the ιvasteful practice of racemate resolution obsolete.

Αη early success story ßη the field of catalytic asymmetric syn-
thesis is the Monsanto Process for the commercial synthesis of
ι-DΟΡΑ (4) (see Scheme 1), α rare amino acid that is effective ßη
the treatment of Parkinson's disease.57 The Monsanto Process, the
first commercialized caιalytic asymmeiric synthesis employing α
chiral transition metal complex, was introduced by W. S. Knowles
and coworkers and has been ßη operation since Ι9º4. This
large-scale process for the synthesis of ι-DΟΡΑ (4) is based οη
catalytic asymmetric hydrogenation, and its development can be
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ture.59 Using this practical and reproducible catalytic variant, the
ARCO chemical company developed αη industrial process for ton-
scale productions of (S)- and (R)-glycidol (see 8 and 9, Scheme 3)
and (S)- and (R)-methylglycidol (see 10 and 11, Scheme 3). These
low molecular rveight epoxy alcohols are versatile building blocks
for the syntheses of α number of chiral molecules.6Ο It has been
reportedab that the commercial production of optically active
glycidols ßη this mannel is more viable financially than the com-
petiiive route to glycidols based οη the porcine pancreatic lipase
cata|yzed hydrolysis of glycidyl butyrate.6l Ιη another succθss-
ful industrial application of the SAE, the J, Τ. Baker Company
adapted Shaφless's synthesis of (7R,8S)-disparlure (15)62 (see
12 -+ 13 -+14-+ 15, Scheme 4), the pheromone of the gypsy moth,
to the commercial production of this valuable compound.

The catalytic asymmetric cyclopropanation of αη alkene, α reac-
tion which rvas studied as early as 1966 by ΝοΖαΚß and Noyori,63 is
used ßη α commercial synthesis of ethyl (+)-(1S)-2,2-dimethylcyclo-
propanecarboxylate (18) by the Sumitomo Chemical Company (see
Scheme 5).6α Ιη Aratani's Sumitomo Process, ethyl diazoacetate is
decomposed ßη the presence of isobutene (16) and α catalytic
amount of the dimeric chiral copper complex 17. Compound 't8,
produced ßη 92Ψο ee, is α key intermediate ßη Merck's commercial
synthesis of cilastatin (1θ). The latter compound is α reversible

po2Et

'ηΗ

,t8

ο. L"" Η\ 
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Ν "*"ο,"
' CO2Na

19: cilastatin (ΜΚ-0791)
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Scheme 5. The Sumitomo Chemical Company's catalytic asymmetric synthesis of ethyl (+)-(1S)-2,2-
dimethylcyclopropanecarboxylate (18), αη intermediate ßη Merck's commercial synthesis of òßΙαsτατßη (19),

,J- τr'|- t *.,,
35ι diethylgeranylamine

NEt2

44: citronellal
(E}diethylenamine

inhibitor of the renal enzyme dehydropeptidase Ι and serves as αη
ßη νßνο stabilizer of the P-lactam antibiotic, imipenem (20, Scheme
5); α combination of cilastatin ('lθ) and imipenem (20) is α success-
ful pharmaceutical marketed by Merck.

At the present time, the world's largest application of homoge-
neous asymmetric catalysis is the Takasago Process for the com-
mercial synthesis of (-)-menthol (1) (vide infra).aβd Ιη the key step
of this synthesis, α rhodium(I) catalyst containing the enantiomeri-
cally pure ligand (S)-BINAP effects the enantioselective isomeriza-
tion of diethylgeranylamine (35) to the isomeric enamine 44 (see
35-+44, Scheme 12). The chemical yield for this asymmetry-
inducing step is essentially quantitative and the enantiomeric excess
of the enamine product is Σ98 Ψο. The remainder of this chapter
will address the BINAP-RhQ)-catalyzed asymmetric isomerization
of allylic amines to enamines ßη greater detail, including the elegant
asymmetric synthesis of (-)-menthol by the Takasago Coφoration.

The isomerization of αη allylic amine to αη enamine by means of
α formal l,3-hydrogen shift constitutes α relatively small structural
change, Hoιvever, this transformation could be extremely valuable
if it could be rendered stereoselective. Iη important early studies,
Otsuka and Ταηß showed that α chiral cobalt catalyst, prepared Ιη
sjru from α CoGD salt, α chiral phosphine, and diisobutylaluminum
hydride (Dibal-H), can bring about the conversion of certain pro-
chiral olefins to chiral, isomeric olefins by double bond migra-
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1980 by Noyori and his colleagues at Nagoya University.Θ BL\rj
is α very effective chelating diphosphine chiral ligand for π:rιlpηαlιω
transition metals and is available ßη both (R) and (Þ εηαηιßιτò
forms. Ιη the BINAP-Rh(I)-catalyzed asymmetric isomerizaιil d
allylic amines, there is αη interesting òοττεΙαtßοη betιryeen the òffi
ity of the ΒΙΝΑΡ ligand, the configuration of the staπing αηýε
amine (i.e. Ε or Þ, and the configuration at C-3 ßη the (E}enπfu
product (see Scheme 7). For example, ßη the presence of þε ι§μ
BINAP-RhQ) catalyst, stereochemically pure samples of (}αΙξμtε
amine 26 and (E)-allylic amine 28 are isomerized to enantimiε
(E)-enamines; wiτh τhe (S)-BINAP_Rha) òαταΙγsτ, (Þ-αΙΙγΙßò mßΞ
26 is smoothly isomerized to (S,Þ-enamine 27, while the stΕεΦ
isomeric (E)-allylic amine 28 is isomerized to (R,E)-enamine 29- Τ
one had access to α particular allylic amine stereoisomer, it ψοOυ
still be possible to obtain, at will, either enamine enantiomer sßπψÞ
by choosing the appropriate BINAP-Rh(I) complex. Το obtair
excellent enantioselectivities, it is therefore imperative that enπ
tiomerically pure ΒΙΝΑΡ and configurationally uniform allylb
amines be employed. The BlNAP-Rh(ι)-catalyzed asymmetric iso-
merization of αη αΙlγΙßò amine is α stereospecific process, sire
there is α relationship between starting materials and prodιn
stereochemistries.

Scheme 7. Stereochemical outcome of BINAP-Rh()-catalyzed
asymmetric isomerization of aIlylic amines,
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nium-RhH π complex 32. Α suprafacial delivery of þe hψfuψ*
atom from Rh to C-3 γßα αη s-trans conformer then gfuεs m
ry3-enamine complex 33. The αΖα-αΙΙγ1 ßγρε complex *Ι cη b m,
lated and characterized by NMR spectroscopy, and fonctiω rr &
chain-carrying species; isolated 33 catalyzes the isomerizrin S
the allylic amine substrate. The replacement of the enamirιε FΦÞýº
ßη 33 with α new molecule of substrate is the rate-determiπiπg qι
and presumably occurs νßα the mixed substrate-produΦ η-ßΙ-
34. Liberation of the enamine product"from the mixed-ligrηd oη-
plex 34 produces the reactive l4-electron species 3ß and ιh
iminium-RhH complex 32 through β-hydride eliminatioη þΞπý!r
completing the catalytic cycle. The (S)-BINAP-Rh catalysι EiIr-
fers the pro-S hydrogen from C-1 to C-3 to give the (3RE}*
amine product, rryhereas the (R)-BINAP-Rh catalyst transfeπs ιb
pro-R C-l hydrogen to C-3, affording the (3§,E)-enamine ρτοtr-
These isomerizations produce οηΙγ (Þ-enamines regardless of fu
configuration of the αΙlγΙßò amine substrate, The chiral, Cr+r*
metric ΒΙΝΑΡ ligand permits efficient differenÜation betwm fu
enantiotopic C-1 hydrogens of α prochiral αΙΙγΙßò amine.

Αη elegant application of this catalytic enantioselective ism-
ization process can be found ßη the synthesis of the side chaia d
a-tocopherol (vitamin Ε) by Noyorl et αl. (see Scheme 9).Ιo,zr 

'*,work actually features tιvo powerful catalytic asymmetric reactiηι
Ιη the first step, diethylgeranylamine (35) is enantioselectiyιdrr
isomerized under the influence of the Θ-ΒΙΝΑΡ-RhQ) cataφil.
Hydrolysis of the resulting (E)-enamine product then furnishes (R}
citronellal (36) ßη 98Ψο ee. It is important to note that οηΙγ fu
C2-C3 double bond ßη 35 is isomeizeÜ; α virtue of BINAP-Rh(τ}
oatalyzed asymmetric isomerizations of allylic amines ig thrt
remote double bonds are not affected. The presence of α remotΞ
free hydroxyl group is also tolerated (see 4ß -+42, Scheme 1Ο).
Homologation of (R)-citronellal (36) (Scheme 9) ßη the mειηηGτ
shorvn provides trans-trlsιιbstituted allylic alcohol 39 (seε
36-+37-+38+3θ, Scheme 9). Hydrogenation of the latter sub-
stance ßη the presence of α catalytic amount of (S)-BINAP-Ru(π)
creates the second methyl-bearing steleogenic center, affording
alcohol 40 stereoselectively (96Ψο de,,98Ψο ee).

We ηοτη, turn to the Takasago Process for the commercial syn-
thesis of (-)-menthol (1),α οηε of the most succe§sful industrial
applications of òαtαΙγtßò asymmetric synthesis. This exquisite syn-
thesis is based οη the BlNAP-Rh(ι)-catalyzed enantioselective
isomerization of allylic amines, and has been ßη operation for the
commercial production of (-)-menthol since 1984.
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22.2 Retrosynthetic Analysis αιιd Sτy,;:, -

The cyclohexane framework of (-)-menthol (1) is disτir:.'i-,.-: _ "

three stereogenic centers. tιvo of which are contiguouò .:: S _- : ,

11). At the time that the Takasago Process rvas develop-:,
well κηοτη,η that (-)-menthol (1) could be produced ßι ::,. :ι
from isopulegol (43) through hydrogenation of the carbιai,-. --
double bond, and that the latter substance could arise tiom . '-.
acid induced carbonyl ene cyclization of (R)-citronellal ι36 ,-: _ , ,

(-)-menthol (1), isopulegol (43) and (R)-citronellal (36ß ":; : .

ηαιυταΙΙγ occurring subsiances. The cycloisomerizaιion ιτI _ -
pound 36 to isopulegol (43) is particularly productive bec:;i.
simultaneously creaies the requisite six-membered ring and τLε :-
contiguous stereogenic centers through αη ordered transiτior _.:. -,

structure (see 48, Scheme 12).
The synthetic problem is now reduced to the developmenι : _ .

feasible, large-scale preparation of enantiomerically pure (ft ι-c':,-
nellal (36), rvhich has α single stereogenic center. One rιar ,:
which the aldehyde function ßη 36 could be introduced is thτoι:-:
the hydrolysis of α terminal enamine. (R)-Citronellal (36) can ιß-_.
be traced to citronellal (E)-diethylenamine (44), the projected prc,i-
uct of αη enantioselective isomerization of prochiral dieth_vlget-

L ":

,]:]] ]

, ., ,(

.]l \ ß

_:,:Ιß*
>ι]\ : _

."j r

eýecι;
ηreιric
ßι sι rι
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1: β)-menthol

45: myrcene

Scheme 1,|. Retrosynthetic analysis of menthol (1).
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45: myrcene
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Scheme 'Ι2. The Takasago process for the asymmetric synthesis of (-)-menthol (ß).

Η2, Νß

(hydrogenation)

With compound 44 ßη hand, the completion of the synthesis onh,
requires three straightforward operations. As expected, enamine 44
can be converted to (R)-citronellal (36) by the action of mild aque-
ous acid. Ιt is of interest that (R)-citronellal (36), produced ßη this
manner, is of α much higher enantiomeric purity (ß,ε.9Β-99Ψο ee)
than the same substance obtained from its natural source ! Indeed,
the enantiomeric purity of natural (R)-citronellal is at best 80 Ψα. Οη
the basis of well-established precedent,72 it was anticipated αΙΙ
along that the methyl-bearing C-3 stereocenter ßη citronellal rvould
guide the stereochemical course of α carbonyl ene cyclization7a to
give the isomeric isopulegol molecule (43), Gratifyingly, treatment
of (R)-citronellal (36) with either ZnC|z or ΖηΒτΖ, both active

#
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22.5 Appendix:
Reactions,

(ÞBl_Et-DuPHos:Rh(ι)
(0.1 mol%),

*ο."λοο"

Catalytic Asymmetric
αη Overview

Η2, MeOH, 25 "C,
(catalytig α sy m,metri c
hydrogenation)

-'1.

Γ\
62

π^a,Χ«%"ξ
\J

.r/
(R,R_) -Et-DuPHOS

(99% ee)

(Burk)6

(S}BlNAP-Ru(OCOCH3)2
(0.5 moI%),

Η2, Me,OH (1009/ο)
(catalytic asymmetric
hydrogenation)

Ο+,.,.
Οσ"η,

(s}BιNAP

naproxen
(αη anti-infIammatory
agent) (927ο yield; 97% ee)

(Noyori et αΙ,)7

i-BuMe2Sio
ΒΙΝΑΡ,Rυ(ΙΙ)
(0.2 mol%), Η2,

i-BuMerSio- ιΙι

MeOH
(θ6-100% yield)
(cataΙytic
a§ymmetric
hydrogenation)

(Noyori ef α/.)8

Scheme Α1 . Representative catalytic asymmetric reactions (references οη scheme).

ΒΙΝΑΡ-Βυ(ΙΙ) = Ru(OCOCHg)z[(R}tolBlNAP] β:α = 99,9:0.1 (matched diastereoselectivity)
ΒΙΝΑΡ-Rυ(ΙΙ) = Ru(OCOCHg)z[(S}tolBlNAP] β:α = 22:78 (mismatched diastereosòlòctιiity|
substrate stereoiacial preference: β:α = 17:'|

catalyst stereofacial preference: B':S 
- 
- 59:1

e+p(c6Ha-pcH3)2 Ο+Ρ(ò6Η4-ΡòΗ3)2

ΟσΡ(ò6Η4-ΡòΗ3)2 eσΡ(ò6Η4-ρòΗ3)2
(B}toIBlNAP (S}ιοΙΒΙΝΑΡ

Schen
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Scheme Α5. Representative catalytic asymmetric reactions.
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Scheme Α7. Representative catalytic asymmetric reactions. §Gtr
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Scheme Α,l5. Representative cataIytic asymmetric reactions.
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Scheme Α1 7, Representative catalytic asymmetric reactions.

]:]::,;]

]|:ß,|Ι]

ιΙl¼

Χa.:ιδΦß.,ßßφ:
l .ι

ω*,



,sυοιιòθΘΙ òιΙιοιrJιυ^Sθ òιι^|ΕιΕο ΘΛ!ιΒΙυΘSΘΙdΘΗ,8 }γ aulaqis

ΛΛΘιΛΙΘΛο υΡ 'SuollceΘU òιΙ}αυjιrJΛSγ òΙ}Λ|ΡιΒ3 :xιpuΘddv 9,ΖΖ

];r]]:3;Ξ
],]Ι]:]: ::]] ]:]:ò

ß:],]]r.:]:.§!

:::]],]|a]ß:]::::]]

],,1,':.Ι]ß]:]

1ß::]]Ι]:l:ß::]]:']l

]::.::]:],']l|,:]ll1:

.r]:]].]:]: ]:]]rιΙ]]]

]:l]]ß:':]a]:]]:,]]]'].,-,

]:.Ι:ß,l.:]ι:ΙΙ]:

9Ζε



376 22 MenthoI

References

l. (α) Morrison, J.D.; Mosher, H.S. Asymmetric Organic
Reactions, 2nd ed., American Chemical Society:
Washington, D.C., 1976; (b) Nügr6di, Μ. Stereoselec-
tive Syntheòis, 2nd ed., VCH Publishers: Weinheim,
New York, 1995; (ò) Eliel, Ε.; Wilen, S.H. Stereo-
chemistry of Organic Compounds, John Wiley &
Sons: Νeιν York, Ι994.

2. (α) Eisenbraun, E.J.; Adolphen, G.H.; Schorno, K.S.;
Morris, R.N. "r. Org. Chem. t971., 36,4Ι4; (b) Allen,
S.D.; Schnepp, Ο. J. Chem. Phys, |973, 59,4547; (c)
Jacques, J.; Collet, Α.; Wilen, S.H, Εηαηtßοmòτò,
Racemateò and Resolutioιzs, John Wiley & Sons: Neιv
York, 1981, ρ.329.

3. (α) Andersen, Κ.Κ. Tetrahedron Lett. 1962,9J; (b)
Andersen, Κ.Κ.; Gaffield, W; ΡαραηßΚοΙαου, Ν.Ε.;
Foley, J.W.; Perkins, R.Ι. ]. Am. Chem. Soc. 1θ64,
86, 563º; (c) Shaφless, Κ.Β.; Klunder, J.M, J, Org.
Chem. 1θ87, 52, 2598; (d) Draboιvicz, J.; Bujnicki,
Β.; Mikolajczyk, Μ. ibid. 1982, 47, 3325,

4. (α) Kagan, Η.Β, ΒυΙΙ, Soc. Chim. Fr 1988, 846;
(b) Scott, J.W. Τορ. Stereochem, 1θ89, ]9, 209; (ò)
Crosby, Ι, Tetrahedron 1991, 47, 4"Ι89; (d) Akuta-
ga,"va, S. Ιη Organic Synthesis ßη Jαραη, Ραòt, Ρτò-
sent, and Future, ΤοΚγο Kagaku Dozin: ΤοΚγο, Ι992,
ρ. 75.

5. For some excellent monographs and revievvs that deal
with catalytic asymmetric synthesis, see: (α) Asyru-
metric Synthesls, Μοιτßsοη, J. D., Ed., Academic
Press: New York, 1985, νοΙ. 5; (b) Bosnich, Β, Asym-
metric Catalysls, Martinus Nijhoff: Dordrecht, Ι986;
(c) Catalytic Asymmetric Synthesis, Ojima, Ι., Ed.,
VCH Publishers: Weinheim, Ne,,v York, 1993;
(d) Noyori, R. Aòymmetric Catalysis ßη Organic
Synthesis, John Wiley & Sons: New York, Ι994; (e)
Kagan, Η. Β. Iη Comprehensive Organometallic
Chemisτry, Wilkinson, G,; Stone, F. G.A.; Abel, E.W,
Eds., Pergamon Press: Oxford, New York, 1982, νοl.
8, Ch. 53, ρ. 463; (Þ Asymmetric Synthesis - Meeting
the Challenge, Chem. Br 1989, 25 (3); (g) Brunner,
Η. Τορ. Stereochem. 1988, 18, 129; (h) Brunner, Η.
Synthesis 1988, 645; (ß) Brown, J,M.; Davies, S.G.
Nature (London) 1989, 342, 63Ι; () Noyori, R.
Chem. Soc. Rev. 1989, 18, Ι8'7; (Κ) Evans, D.A.
Science (Washingτon, D. C.) 1988, 240, 42Ο; (1)

Ojima, Ι.; Clos, Ν.; Bastos, C. Tetrahedron 1θ89, 15,
6901; (m) Blystone, S.L. Chem. Rev. 1989, 89,1663
(η) Noyori, R.; Kitamura, Μ. Ιη Moderπ Synthetic
Methods, Springer-Verlag: Berlin, 1989, νοl. 5, ρ. 1Ι5;
(ο) Noyori, R, Science (Washington, D. C.) 1990,
248, |Ιθ4; (ρ) Seebach, D, Angew. Chem. Ιnt. Ed.
EngI. 1,990, 29, 1320 (q) Tomioka, Κ. Synthesis
Ι990, 54Ι; (r) Noyori, R. CHEMTECH |992, 22,360;
(s) Chem. Rev. -Ι,992, 92 (5); (t) Shaφless, Κ,Β.
Teτrahedron |994, 50, 4235; (υ) Noyori, R. ibid.
1994, 50, 4259; (ν) Kagan, Η,Β.; Fiaud, J,-C. Τορ.
Stereochem. 1978, Ι0, 1'75.

6. Burk, M.J. "r. Am. Chem. Soc. 1991. 1J_r. :: _ ι
7. (α) Ohta, Τ.; ΤαΚαγα, Η.; Kitamura. \Ι., ]l ..-,

Noyori, R. J. Org. Chem. 1987, _§:. _: -_
ΤαΚαγα, Η.; Ohta, Τ.; Mashima, Κ.; Νο1 οτ,. Ξ, ',
& Αρρl. Chem. L990,62,1|35.

rahedron Lett. 1990, 3 Ι, 549.
9. (α) Noyori, R.; Ohta, Μ.; Hsiao, Υ; Κιιαm: .

Ohta, Τ.; ΤαΚαγα, Η, J. Am. Chem. Soc. L9E6
7117; (b) Kitamura, Μ.; Hsiao, Υ.; Νο,,; , :
ΤαΚαγα, Η. Tetrahedron Lett. 1987, 2δ. -iS::
Kitamura, Μ.; Hsiao, Υ.; Ohta, Μ.; ΤsυΚα.ιrtι,:, . l.ι
Ohta, Τ.; ΤαΚαγα, Η.; Noyori, R. Ι. Org, Chem. \9γΦι
59,297.

10. ΤαΚαγα, Η.; Ohta, Τ.; Sayo, Ν.; Κυmοbαl-ιòh. ,*_

Akutagarva, S.; Inoue, S.; Kasahara, Ι.; }ßοl-ιτ:_. r
J. Am. Chem. Soc. |987, Ι09, |596.

11. (α) Noyori, R.; Ohkama, Τ.; Kitamura, Μ.: Τaκ,,,
Η.; Sayo, Ν.; Kumobayashi, Η.; Akutagarι-a. S

Am. Chem. Soc. 1987, Ι09, 5856; (b) Ktamura. \{
Ohkama, Τ.; Inoue, S.; Sayo, Ν.; Kumobayashi. ß-_

Akutaga,,va, S.; Ohta, Τ,; ΤαΚαγα, Η.; Noyori, R. ir:-
Ι988, /10, 629; (c) Mashima, Κ.; Kusano, Κ.: Ot-,
Τ.; Noyori, R.; ΤαΚαγα, Η. ]. Chem. Soc,, CΙιε"τ.
Commun. 1989, 1208; (d) Ohkuma, Τ.; Κßtαmυττ_
Μ.; Noyori, Κ. Tetrahedron Lett, 1990, J1, 5509: ,e
Kitamura, Μ,; Tokunaga, Μ.; Ohkuma, Τ.; Noyori. R
ibid. 1991, 32, 4163; (Þ Kitamura, Μ.; ΤοΚυηα_ει
Μ.; Ohkuma, Τ.; Noyori, R. Org. Synth. |993,7Ι, 1

12. Kitamura, Μ.; Ohkuma, Τ.; ΤαΚαγα, Η.; Noyori. R.
Tetrahedron Lett. 1θ88,29, |555.

13. (α) Leutenegger, υ.; Madin, Α.; Pfaltz, Α. Αηgει,.
Chem. Ιnτ. Ed. Engl. 1θ89, 28,60; (b) Pfaltz, Α. Ιη
Μ odern Synthetic Μ ethods, Springer-Verlag : BerLin.
Heidelberg, 1θ89, νο1.5, ρ. 199.

14. (α) Katsuki, Τ,; Sharpless, Κ,Β. Ι. Am. Chem. Soc,
|980, Ι02,5974; For excellent reviervs of the Sharp-
less asymmetric epoxidation reaction, see: (b) Rossi-
ter, Β.Ε. Ιη Asymmetric Synthesis, Morrison, J.D..
Ed,, Academic Press: Nerv York, 1θ85, νο1.5, ρ. 193;
(c) Finn, M.G.; Shaφless, Κ.Β. Ιη Asymmetric
Synthesiò, Morrison, J. D., Ed., Academic Press: Nerl
York, 1985, νοl. 5, ρ. Ζ47: (d) Johnson, R.A.; Shaφ-
less, Κ.Β. Ιπ Comprehensive Organic Sγηthεòßò,
Trost, Β.Μ.; Fleming, Ι., Eds., Pergamon Press: Nerv
York, Ι99Ι,, νο1.7,ρ.389; (ε) Johnson, R.A.; Shaφ-
less, Κ. Β. Ιη Catalytic Asymmetric Synthesis,
Ojima, I., Ed,, VCH Publishers: Weinheim, Νειηι
York, Ι993, ρ. 103; (Þ Pfenniger, Α. Synthesis 1,θ86,
89; (g) Katsuki, Τ.; Martin, V.S, Org. React (Ν.Υ.),
ßη press.

15. (α) Zhang, W.; Loebach, J.L.; Wilson, S.R.; Jacob-
sen, Ε.Ν. J, Am. Chem. Soc. 1990, 1Ι2,280Ι (b)
Zhang, W.; Jacobsen, Ε.Ν, J. Org. Chem. Ι991, 56,
2296; (c) Jacobsen, Ε,Ν.; Zhang, W.; Muci, A.R.;
Ecker, J.R.; Deng, L. J. Am, Chem. Soc. 1991, ]Ι3,

αò



'L89ò'8Ζ'L86τ ,ιι,7
υοιραq¼J!αJ ,γ 'ε3ογ :,) 'θºοτιυοJ :,Ν 'θ]οºι :,S
'οιοιυιιιSθΗ :,I 'ιqSeqθ>IθJ :,Ν 'ΕιυιιιSθωοΣ :,Η 'θJηιιι
-a{EJ (φ :Lεγ'6L6ι ,υηυιlυο) -ιυαιιJ ',JoS ,MaqJ

7 ,χ 'υ3οχ :,Ν 'θιπιι{sθιυοΣ :,S 'οlοιυτιlsυg (ε) ,1g
,66τ'886I ,τ!ι ,υτ!ιD ,JoS ,ιιηg,3'τιυε3γ (η) :εοτε

'ι9'8L6I ¼|Jv ,υιlιι) ,ηαΗ ,)'.(1ιετχ :,Σ 'IqoH :,γ
'JasoιuuaqΟSΞ :,α,[ 'Ζιιυηα :,º 'ιυυιθα :,º,Σ 'uΔoJa
:θes'selpnls 3ιιsιυΕqòθιιι 1υεlτοdιυτ rog (D :τ6ιß
'òε '6L6I υοlραη¼τ!αJ 7,χ 'υιη3ε5 :,Λι,I 'υουι
-ISdy (ι) :òε9 '186I ,υηυιυlο) ,ιααη) ',)oS ,υαq)
,1 ,Σ 'θJΕ,ΔΔθsθ39 ß,3'Urεqes€Σ :,S 'ouETrJ (φ :σqτε
'6L6τ ,lιυ7 uoJpaq¼JlaJ,; 'ε3ο; :,S 'olεS :,S 'Ειυιqs
-εre; (3) :òL6γ'86'9L6τ ¼οò ,υιαq) ,υιγ τ α 'υιθ)
:,1,5 'Ιls;aqs1u"a σ) |εOιι 'εΖ'sL6ι ,ιIns ,uJoqd
,ιυαιιJ ,S ζΕρθιπθλ :,Σ 'IoJIH 1α) 'osle òòs :lIr
'hI '9L6τ ,ι3υg ,ρα ,ιυI ,υιαη) ,ιιιa3υγ ,υ 'μθqòθιΔ
:,D ºαθΝ :,D 'JoJJEH :,η 'JθpE :,D 'JθnθS φ) :6ετ,ε
'8ε 'εL6τ ,υ.ιαι73 ,3.ιg 7 ,Σ,α lι{sIJJEd 1,9,7 'sοΓεg
(ò) :gστ '0τ 'ιL6τ ,ι3υg ,ρ1 ,1υι ,Lυαq) ,αα3υγ
,Σ 'μθqf,θιΔ :,ο 'JθnεS :,η ']θρα (φ :òιqι 'σε
'VL6ι ,υαιιJ ,3rο ,τ ,δ,α ζqsIJJθd :,9,7 'sοΓεg (υ) ,9g

,Lε88'9tt 'ν66Ι ,)oS
,ιυαη) ,ιαγ 1 

,,ΔΔ. 
'αεº l,γ,χ 'rò3ul5 :,r\ι,Ξ 'θJIθJJuJ ,òε

'L069'εε 'Ζ66τ ,lι,7
υο,ιραqDuαJ ,q,1 ';εdοχ Ι,1 ,3 'υτ.ια.{3 :,1 ,g '.{α:ο3 ,7g
,εεετ' τιI'686I,ros,uιaqJ -ιυγ 7,γ'lυ3ο; :,q,5

';o1se4 (c) :666ι '8τ 'Ζ66ι υοιραq¼ηαJ ,λ'οßι :,ι^ι

'ΕJηυιΕ,ÞΔΕò 1,1 'τqsu,(εg (q) :òOτ9 '80ι '986I ,rο.ò
,υιαq),ιυγ 7,1'τqse,(eg :,ιΛι'εJηυιθΔθ5 :α'ο11 (ε),gg

,ε6òΙ'òtt'ε66Ι
,)oS ,υαιιJ ,υτγ ,τ ,Ν,Σ 'Δουιρθχ 1,11 'τεΖlοddο,τε

, 
LOεΙ 'ε6 'ε66Ι ºαΣ ,LυαιΙJ ,),D

'nc :,γ,α ζsυθΛΕ l,g,y 'ερΙε,ιοΗ :θεs 'suoIlJEeJ

βòΙιΠθιΙò pθιcθJIp-θlθJlSqnS Jo ,ΔΔΘΙΛθJ ΙυeΙΙò3Χθ υυ Jo{ ,I 
ε

,0LI 'òι
'Ζ66ι ¼lJV ,υτιιιJ ºqαΗ,Ν,δ 'Δουιρθδ 1,16'rezioddp ,9g

,ΙòΙε'9tΙ'ν66τ
,)oS ,Lυαιι) ,ιυγ ,τ ,γ,χ 'qòττdιυιJ :,τ,α 'Ιαιο3,67

,6γ'Oε'τ66| ,I8ug ,ρg ,Juι ,ααιι) ,αα3υγ,]Λι 'θJηιυ
-θιιΣ :,δ'ι,ιo,{o1q (φ :ιτ09'80/ '986I ,)oS ,uaηJ ,υτγ

7 ,χ 'υο,{οχ :,Σ 'τΕ,ηΔΕΣ 1,5 'ε3η5 :,Λι 'θJηυιθιιΣ (θ) ,8Ζ
,εε8'a6

'a66τ ,ιαα ,wαη) ,S'θ,ΔΔιΝ :,Σ 'τθοò :θθs 'sòp(qepp
οι slue8uar curzouε8ro Jo suollτppε αΛι]òθιθsοιιυθυθ
Jo ,ΔΔειΛεJ υ rog (ο) :ετ8τ 'òΖ 'ν86ι ,υαº υοJραιι
-DuαJ,ι 'ιιπο :,Ν'lυη3ρ (q) :ιr8 'ε86ι ,υαº ,ιυαqJ
,ν 'θJηιυθ)ιΕΝ :λ 'οlοιιιΕιυθλ :,J 'ιιιιο :,χ 'ιun39 (ò) ,17

,òτ6L'60τ' L86ι,)oS,υιαη),υ.ιγ τ,Σ Λ'q8uIS
:α-,] 'uθqD :,S 'εlθqτqs :,Σ,δ 'ιιιsºΕg :,1 ,g ',(aro3 ,97

,906I'tII'τ66I ,JoS ,ιυαη) ,υΙγ ,t,o,I
'{υιº :,f ,g ',(oro3 Q) :ε9L'9ò 'τ66τ ,μq! º,I,α 'ιls
-Λ\oqθJD :,αΞ 'SμoqoΣ :,γ,δ 'JθυιΕαδ :,J,a 'sθυοι
]auJnJ : α'JθqoS :,f ,α'3Jι.[lθl\I 1,1,1'>1òο1>1òεlε :,3,º
'JοιΛΕχ :,τ,f 'uθqol{ :,ΣJ'Sθuo[ (ο) :ιòτ'9ò'τ66τ ,wαι13 ,3.1g 

τ ,ιº,ò ζIIsΔoqEJD :1ΔºΛι 'υηθε :,Σ
luaols8oog :,J,g 'sΘaol JθuJnJ :,Iº 'uEqoIN :'γ'δ
'JOuIθeu :,ι,J '{οοι)τ3θιε :,J,º ºειΛΕχ :,Σ,J 'Sθυοτ

LLεSΘòυΘΙΘιαΗ

:,ι,α 'ΘJιι]θW (ρ) osIE θes :òιrι 'ε 'τ66τ Ωlατιιυι,ß:γ
:υοτραιι¼4αJ º 'sυΘιJθιΔι :,S !ιυηθqπΕιΔ :ΞΞ)
'seulpηoJoqθzuxo IuJIqJ 8uτsn sτseqlu,{s òττ]οιυιυ,{sε

Jo ,ΔΔετΛθJ ε rog (ò) '.60al 'Ζ9 '9661 ,wαιlj ,1.Ιßγ,

τ alnd,1 ,g 'faro3 (φ :ιòòò '60τ 'L86τ ,JoS ,ιιιαι!)
,υιγ ,τ ,S 'ηEqII{S :,Σ,Σ ,ιι{sψε :,1 ,g ',(αιο3 1ε.ι ,;;

,òΙ9Ζ '§86Ι [ ,Su¼JI υDμαd
',JoS ,υαηJ ,1 ,S 'ΕιυΕqθºΘΝ j,N ζΕρυθΣ :,hι 'θ,ΔΔο
:,γ 'οΕιιΗ l,Σ 'οιι :,l\ι 'ουθ}ιθΝ :,S 'ounsll (e) :òòò
'62'γ86ι ,ιυαι11 ,3ιg ,1 ,S 'Ειυθqθ)ιθΝ :,γ 'οτJIH
l,Σ 'οιι :,S 'ουηsιι (,ý :6εOΖ '§86ι / ,su¼q Lτ1:|

-,ιαd ',JoS ,uauJ ,[,S 'Ειιιθqθ)ιθΝ :,γ 'οεJιΗ :,Σ 'ο]ι
:,Η 'Epnsεl^{ l,; 'ηεΖεdτμτ :,ιΛι 'ουΕ{θΝ :,S 'ounsu
(ò) :σqτ 'ε86| ,υηιυυο) ,ιυαq) Ι,JoS ,u.Iaq) ,τ
,S 'θιυθqθ)ιθΝ:,γ'oθJIH :,Σ'oιI:,S 'ounsll (q) oSIE

oes :ò6ε '09'L86l ,udy ,oog ,υαq) ,πηg ,S '€ιυΕιι
-θ)ιεΝ :,γ'oθJlH :,Σ'οιι :λ'ιθJηºΕò :,S'ouns]I (Ε),lß

, 
688ò 'l t t '966τ ,p!q! ,Ν ,g ζuesqof,τf

:,Λι,δ'υθηΟ :,Ζ'ιτ (q) :9τεò'òιι 'ε66ι,)οò ,ιυαqJ
,υτγ ,τ ,Ν,α 'uθSqocθτ :,δ,Σ 'rosuoJ :,Ζ 'ιτ (ε),ε;

,8Ζεò

'òττ 'ε66τ ,JoS ,ruaLlJ ,ßrγ 7 ,hι,a 'SeuJθε :,γ,α
'uosIepuv l,;,1η 'ηεεροlιò :,ι^ι º^ι 'Ined :,γ,α ζSυυΛΞ ,τa

,òLòΖ'εε 'Ζ66ι ,υαº υοΙραιΙDJJαJ ,S

'τqse,(εqoy :,W 'ouqo :,r\ι 'θºοιqsολ :,Η 'ιι{sEqE)IθJ ιΖ
,εLεL'Ζε '|66τ ,p!q! ,S ζθυηΙυΕSΕΙΝ

:,g,δ 'ιΕqιυε,ΔΔοº (φ :ò009 '/ε '066ι ,παº υοlραL!
-DuaJ ,S'ευηυιθsΕιΛι :,γ 'οºιqγ :,α,Σ 'ιθq]υθΔοº (θ) ¼Ζ

,0εν'tε'766Ι
,ι8ug ,pg ,1υι ,uaqJ ,αα3υγ ,f ,W 'uoc5 :,γ,;
'1εÜιαο16 :,γ,α 'sυθΛΕ Θ) :γγιg '9ò 'ι66τ ,ααιιJ
,3rο ,τ ,JºΛI 'ηΕθροιιε :,W,hι 'ιηθd :,γ,α 'sυθΛg
G) :9ΖL'εττ 'f66ι ,JoS ,υιαιι) ,?ι/γ 7 º^{,W 

ζιηθd

:,]Λι,τΔι 'υθιπυιΗ :,γ,Σ '1αd,τεο16 :,y,q 'suu.ι.g (ε),61
,òOOι 'òΖ'986I ,I8us ,ρg ,1υι ,uIaLιJ

,αα3υγ ,γ 'zιIθJd l,η 'τα33ευεlηεº :,Η 'ιqcsllJd ,8ι
,69οΙ'rε

'966τ º3υg ,ρg ,1υι ,wαι13 ,ιια3υγ,g,γ 'ssald:eq5
:,:) 'ιιιιοg :º,α 'pJoJsIJJaε (q) |ε8γΖ 'τ6 'γ66τ
,Δ,αγ ,ιααq) ,g,; 'ssold:εqs :,òº^ι 'εΖι{υθΔηειΝιιθΛ
:,],Η 'qιοΣ :ees 'υοηòεεJ uoτlε1,(xorpdqlp 3ιηθιπ
-ιυ,(sε sseld.τεI{S Θι{τ Jo ,ΔΔΘιΛεJ ιυΘιιεòχε ue rog (ε) ,11

,ΙΙεγ'Oò 'γ66Ι υοΙραqDΙιαJ ,J ζDΙηs

-ιθΣ :,Η ζιºθsΕò :,δ 'ευι l,γ 'ευιε,(ειεg i,lq 'ε,{osog
(3) :τοτ '7,66τ ualuks ,J 'ιºηsιθΣ Ιχ 'οιι :,δ 'ειη :,Ν
'ε.(osog l,γ 'ειυε,{εlε11 G) :εòε ,d'ρò1 εòυετε3αχ (e)
|ι8γ 'e '1661 fuριυυιΙsγ :υοιραqυυαJ ,1-'τηηsι€Σ

:,Ν 'οιοιυηSιθιη{ :λ 'οτι :,Σ 'ΡροΝ :,δ 'aIJI (ρ) :òòOι
'aε 'Ι66Ι 'ßαº uolpaL!¼.ιral ,J 'DΙηòΙΘΣ :,Σ ,εροΝ

:,Σ 'aIJI Θ) |ò9τ'ι66τ ιpluks 1 'ιºηsιΕΣ :λ 'οιι :,δ
'θμι (q) |;VεL'τε '066τ ,ιιυ7 uolpaLlDηal ,I 'ι{ns
-ιΕΣ :,Ν 'οιοιιιηsι9ιΛι Ιλ 'οιι :,Σ 'ΕροΝ :,χ 'εη (υ),91

,τ,,γ,LΙJ'ε66Ι 'ψοΛ ΔeΝ 'ιΙΙτΘq
-υιαΛι :sJeqsllqnd Η)Λ ',ρα ',ι 'ετυτ[6 'slsaylu{5
cularuulisy οιltlυlυ3 υι ,Ν,g 'uesgo3εI G) :ετεγ
'0ò 'γ66τ υοJραη¼τιαι ,α,º 'Ζθυ]ιJθιΛι :λ 'ΒΔΕ)ι
-nJnJ :,º '8uoq l,χl,g 'uasqoJεl (e) :ετ8 'a6'7,66ι
1αδ ,υαq) ,g '.la8ulqcsleg Ιη '8τrnqcs (ρ) :ε9Oτ

-_,τ

,:\,

δ 
,--

ι,
δΓ (3) :6

¸]ηιι
,ιιιeL| 

_

,εlqO

p!q|
:,Η ,ι

:Ι{, ,τ,ò
'εΙε1

,δ ,l
:,Η

'ν661
:,ιΝ 

,

(c):,
:,Σ
'80t
:,ι^{'

-1αJ

alnJ
(q) ι

:,Σ'



378 22 Menthol

38. For reviews of catalytic asymmetric Diels-Alder
reactions, see: (α) Kagan, Η.Β.; Riant, Ο. Chem. Rev,
1992, 92, Ι007; (b) Narasaka, Κ. Synthesis 1991, 1;
(c) Togni, Α.; Venanzi, L-M. Αηgετυ. Chem. Ιnt. Ed.
EngL 1994, 33, 497; (d) Pindur, υ.; Lutz, G.; Otto,
C. Chem. Rev. 1993, 93, 74Ι; (e) Deloux, L.; Sreb-
ηßΚ, Μ. ibid. t993, 93, 763; (η Oh, Τ.; Reilly, Μ.
Org, Prep, Proced, Int. l9θ4,131,

39. (α) Bednarski, Μ.; Maring, C.; Danishefsky, S. Tetra-
hedron Lett. lθ83, 21, 3451: (b) Danishefsky, S.J.;
DeNinno, Μ.Ρ, Angew. Chem. Ιnt. Ed. Engt. \θ87,
26,15.

40. (α) Narasaka, Κ.; Irvasarva, Ν.; Inoue, Μ.; Yamada,
Τ.; Nakashima, Μ,; Sugimori, J. ,/, Αm. Chòm, Soc,
Ι989, 11Ι, 53α0; β) Narasaka, Κ, Pure & Αρρt.
Chem. 1992, 64, 1889; (c) Narasaka, Κ. Ιη Orgaλic
Synthesis ßη Japan, Past, Ρτεòòηt, and Fυtυτò,
ΤοΚγο Kogaku Dozin: ΤοΚγο, 1992, ρ. 283.

41. (α) Iιvasawa, Ν.; Sugimori, J.; Kawase, Υ.; Narasaka, Κ.
Chem. Lett. 1989, 1947; (b) Narasaka, Κ.; Saitou, Μ.;
Irvasarva, Ν. Tetrahedron : Asymmeτιa 1991, 2, 1305.

42. Furuta, Κ.; Kanematsu, Α.; Yamamoto, Η.; ΤαΚαοΚα,
S, Tetrahedron Lett. 1989, 30,723Ι.

43. (α) Corey, E.J,; Imιvinkelried, R.; ΡßΚυ1, S,; Xiang,
ΥΒ. "r. Am. Chem. Soc. 1989, ΙΙΙ, 5493; (b) Corey,
E.J.; Imai, Ν.; ΡßΚυΙ, S. Tetrahedron Lett, 199|, 32,
7517; (c) Corey, E,J.; Sarshar, S.; Bordner, J. ]. Am.
Chem. Soc. 1992, I]4,7933; (d) Corey, E.J.; Sar-
shar, S.; Lee, D.-H. ibid. 19θ4, 1Ι6, Ι2089,

44. (α) Corey, E.J.; Loh, Τ.-Ρ. ,r. Am. Chem, Soc. 199Ι,
Ι]3, 8966; (b) Corey, E.J.; Loh, Τ.-Ρ.; Roper, T.D.;
Azimioara, Μ. D.; Noe, M.C, ibid. 1992, Ι]4,8290.

45. Corey, E.J,; Guzman-Perez, Α.; Loh, Τ.-Ρ. Ι, Am.
Chem. Soc. 19θ4, ] ] 6, 3611,

46. Corey, E.J.; Imai, Ν.; Zhang, Η.-Υ. -Ι. Αm Chem.
Soc. |991, ]Ι3,'728,

47. Corey, Ε. J.; Ishihara , Κ, Tetrahedron Lett. |992, 3 3 ,
6807.

48. (α) Evans, D.A.; Miller, S.J.; Lectka, º. J. Am.
Chem, Soc, 1993, Ι15, 6460; (b) Evans, D,A.;
Lectka, Τ.; Miller, S.J. Tetrahedron Lett, 1993, 34,
7027; (c) Evans, D.A.; Μυτγ, J.A.; νοη Matt, Ρ.;
Norcross, R,D.; Mitler, S,J. Angelv, Chem. Ιnt. Ed.
Engl. 1995, 34,798.

49. (α) Corey, E.J.; Lee, D.-H. "Ι. Am. Chem. Soc. 1991,
Ι13, 1026: (b) Corey, E.J.; Roberts, Β.Ε.; Dixon,
B,R. ibid. 1995, 1Ι7, Ι93.

50. Maruoka, Κ.; Hoshino, Υ.; Shirasaka, Τ.; Yamamoto,
Η. Tetrahedron Lett, 1θ88, 29,3967,

51. For revie,,ys of catalytic asymmetric ene reactions,
see: (α) Mikami, Κ.; Shimizu, Μ. Chem. Rev. |992,
92, 102|; (b) Mikami, Κ.; Terada, Μ.; Narisawa, S.;
ΝαΚαß, Τ. Synlett 1992,255.

52. (α) Mikami, Κ.; Terada, Μ.; ΝαΚαß, º, J. Am, Chem,
Soc. 1989, 11}, Ιθ40; (b) Mikami, Κ.; Terada, Μ.;
ΝαΚαß, Τ. ibid. 1990, ΙΙ2, 3949; (c) Mikami, Κ.; Nar-
isawa, S.; Shimizu, Μ.; Terada, Μ, ibid. 1992, ]Ι4,
6566.

53. Imai, Μ.; Hagihara, Α.; Karvasaki, Η.; Manabe, Κ.;
Koga, Κ. J, Am. Chem. Soc, Ι9θ4, Ι]6,8829.

54. Kondo, Κ.; Sodeoka, Μ.; Mori, Μ.; Shibasaki, Μ.
Tetrahedron Lett. 1993, 34,4219.

55, Sasai, Η.; Tokunga, Τ.; Watanabe, S.; Suzuki, Τ.;
Itoh, Ν.; Shibasaki, Μ, J. Org. Chem. |995, ßη press.

56. For some excellent discussions οη enzymes ßη
organic synthesis, see (α) Wong, C.-H,; Whitesides,
G.M. Ιη En7ymes ßη Synthetic Organic Chemistry,
Tetrahedron Organic Chemistry Series, Pergamon
Press: Oxford, Neuz York, 1994, νοI. 12; (b) Wong,
C,-H.; Halcomb, R.L.; ΙòhßΚατη,α, Υ.; Kajimoto, Τ,
Angew. Chem. Ιnt, Ed. Engl. 1995, 34, 412; (c)
En:yme Catalysis ßη Organic Sγηthεòßò - Α Com-
prehenòive Handbook, Drauz, Κ.; Waldmann, Η,,
Eds., VCH Publishers: Weinheim, New York, 1995.

57. (α) Knoιvles, W.S.; Sabacky, M.J.; Vineyard, B,D.;
Weinkauff, D.J, Ι, Am, Chem. Soc. 1975, 97,2567:
(b) Knowles, W.S. Acc. Chem. Res. 1983, 16, 106;
(c) Knovvles, W. S. ,r. Chem. Educ. 1θ86, 63, 222,

58. (α) Osborn, J.A.; Jardine, F.H,; Young, J.F.; Wilkin-
son, G. J, Chem. Soc. Α Ι966, 1711; (b) Broιvn,
J.M. Angeι,v, Chem. Int. Ed, Engl. 1θ87,26, |θΟ,

59. Gao, Υ.; Hanson, R.M.; Klunder, J.M.; Κο, S.Y.;
Masamune, Η.; Shaφless, Κ.Β. "Τ, Am. Chòm. Soc.
1987, ]09,5165,

60, For αη excellent review of synthetic applications of
nonracemic glycidol and related 2,3-epoxy alcohols,
see: Hanson, R,M. Chem. Rev. |991, 9], 437 .

61. Ladner, W.E.; Whitesides, G.M. J. Am, Chem. Soc,
1984,106,7250.

62. Rossiter, Β.Ε.; Katsuki, Τ.; Shaφless, Κ.Β. J. Am.
Chem. Soc. 1θ81, Ι03, 464.

63. (α) ΝοΖαΚß, Η.; Moriuti, S.; ΤαΚαγα, Η.; Noyori, R.
Tetrahedrrln Lett, 1966, 5239; (b) ΝοΖαΚß, Η.;
ΤαΚαγα, Η.; Moriuti, S.; Noyori, Κ, Tetrahedron
|968, 24, 3655; (ò) Bogdanoviü, Β. Angew. Chem,
Int. Ed. EngL.1973, 12,954,

64. Aratani, º. Pure & Αρρl. Chem, 1θ85,57,1839.
65. (α) Otsuka, S,; Ταηß, Κ. Synthesis 1991, 665; (b)

Otsuka, S.; Ταηß, Κ. Ιη Asymmetric Synthesis, Morri-
son, J.D., Ed., Academic Press: Nevl York, Ι985,
νοΙ. 5, Ch.6; (c) Kumobayashi, Η.; Akutagawa, S.;
Otsuka, S, J. Am. Chem. Soc, 1978, 100,3949.

66. (α) Kagan, Η.Β.; Dang, Τ.-Ρ. J. Am. Chem, Soc.
1972, 94, 6429; (b) Kagan, Η.Β. Iη Asymmetric
Syntheòis, Morrison, J. D., Ed., Academic Press: New
York, 1983, νοΙ. 2, ρ, 1; for discussions of the value
of C2 Symmetry ßη asymmetric synthesis, see: (ò)
Noyori, R.; ΤαΚαγα, Η. Chem. Scr Ι985, 25, NS83;
(d) Whitesell, J.Κ, Chem. Rεγ. 1989, 89, 1581; (e)
Rosini, C.; Franzini, L.; Raffaelli, Α,; Salvadori, Ρ.
Synthesis 1992,503,

67. Ταηß, Κ.; Yamagata, Τ.; otsuka, S.; Akutagawa, S.;
Kumobayashi, Η.; Taketomi, Τ.; ΤαΚαγα, Η.; Μßγα-
shita, A.;Noyori, R, Ι, Chem. Soc., Chem. Commun,
r982, 600.

Ξ.:.
a

S

:!, j

Ι{

19b
Γ;;.



,97γ 'εt '086I ,§rυ ,uaLι) ,r3γ .ε,α 'JθpIuS .rt
,νν'ι9,686I ,,/lu(S

,8rο ,Σ'εΒη5 :,g 'ΘqθuelεΔ :,1 'e1l[ng :º 'ε>IθugJ
1,1 'μτΕνlε;q :,χ 'αqυηυ1 (ρ) :τεΖ 'ò161 @ορυο7)
'ρυι ,wαιI3 ,S 'θqθυυιýιΔ ß,11 'εΒη5 : ι 'θ}ιΙη{
(c) |τ:τΖ'9b'εL6ι ,udη ,oag ,υαq3 ,ιμg,l ζτηΕυεJ

ß1 'τττΕεlεlη l,χ 'oqωlεa (φ :σοοτ 'ΖΖ,στ ºαº
υαιραγOJ!αJ ,f 'Ε>ιθτρτ :1 'μτ3ηεχ :γ ¸qεηυ; (e) .g1

,LVl '8L6τ sιsαqιυtg ,γ 'ετατιlsεττυχ : λ ºαηβη"Ν ,Ζι
, 
εòιò' 9ζ' ò86τ,11"7 υοιρlq¼ααJ,5'εßυυ3ηηηγ :,g

'rqse,(ugoωnlχ :λ 'ηεºο :,J 'IºεΖε{ο ß; .ur8εle;1

1,1 'Ζρειυεα l,Σ 'εºΒ§Ριο Ι,α 'εατεfτqòη:,;η 'eqqε1 ,11
,òγ8ι'ιò'ò86τ ,υιαγJ ,ιddv τ ?,ιηd .Σ 'ιυοJ ¼ι

6τεsacuΘJΘlΘH

,òγε'εΖ '066τ ,SaV ,wαq)
,Jlv ¹'εdεηε; :,υ ºIo.fuN G) :τεοι 'ßOτ '086τ
,cas ,uaqJ ,υlγ ,τ ,δ 'μοdοlq Ι'τ 'rqenos : I 'orl :,Σ
'μιιημοJ ß,11 'εf,εlε; :,γ 'θρη§ΒΛ :,γ 'εrlqseΙτly (ε) ,69

,L68V'τIt
'066ι ,ros ,wαιι) ,wV 7 ,χ 'υοdοχ Ι1 'οlε5 1,5
,θηηòιο ι,χ ,1υυ1 :,Η ,ΕΛΕ)ιΕτ :,S 'εηουι Θ) :1γ7'27
'ò86τ ,13υg ,ρg ,1υι ,ulal1J ,Δ^α3υγ ,S 'Εηηηο :,Η
'1qsθfeqoιπny :,S 'ΒΔΕ3ηηηγ :,Σ 'υlμυοJ 1α 'εlε3
-Βιπελ :λ 'ounslθJ l,;'ele8uurca :,Σ 'ιιιΕτ (φ :òοΖò
'90I 'γ86τ ,)oS ,ααιι) ,υιγ ,τ ,S'g)In§lo l,χ 'πο,(ομ
l,γ'τlτqsε,{τlη1 ß,11 'υdν4ε1 |,; 'τωοlεqε1 ß,11 'qseΙεg
οωηΣ !,ò 'ε,τε3υτηηγ Ι1 'εμ3τυτεα :,Σ iIu?I (Ε) ,89

t
,lm
Φη[
τ§τ

Ξ,ι ΤΞ!ιΙ:
4,g
Ξο5

αΨýοLι :ι
τ]3sι
Ι]ι :Ξ

:,S Ξ
'§rt
-ιEor
(Φ ::

'wξ
υοΙΡ
:ºΙ '
¸¸
-ιιιγ ,

,ros,

'ηοΨ
Jo sE]

-ηDΠ
,Ζ

:90Ι
',L9òΖ
:,α,ε

,§6

"Ηº
-1ΙιοJ
(c) :ß
.I'α
'Ευο1
υοτΙΙΕ
'ζjτs!1
'sapΙ§
υΙ .si

,SseJι

:.Ι 'Ι

º^Ι 'Ι

:,Σ'ß

,Jos
:,λ,s

º
'arrιal

4
].

,ß
I

ß,ß

!
Ι
Ξ
ξ
'q




