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Abstract: Tetrahydrofuran-3-ones and tetrahydropyran-3-ones can be prepared enantiosclectively by
rearrangement of the ylide-type intermediates generated by the reaction of a chiral copper carbenoid with
the oxygen atom of a pendant allylic ether. Cyclic ethers with enantiomeric excesses of up to 57% have
been obtained using a copper complex of the enantiomerically pure diimine 1a for carbenoid generation.
© 1997 Elsevier Science Ltd. All rights reserved.
The rearrangement of oxonium ylides generated from metal carbenoids constitutes a versatile approach to

the synthesis of cyclic ethers.' In prev10us studies,” we have shown that tetrahydrofuran- 3 ones and
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generated upon reaction of metal carbenoids with allylic ethers. In the course of these studies, we discovered
that copper carbenoids derived from o-diazo ketones are particularly effective for ylide generation and are

generally superior to rhodium carbenoids for this transformation.”* We also found that the nature of the metal
complex employed for carbenoid generation has a profound influence on the level of diastereocontrol achieved,
a finding which suggests either that the carbenoid reacts selectively with one of the diastereotopic ether-oxygen
lone pairs to produce a configurationally stable ylide, or that the metal complex influences the stereochemical
outcome of the reaction because it is intimately involved in the rearrangement step of the reaction.

We have recently embarked on a study to explore the use of chiral copper complexes as catalysts for
carbenoid generation in order to prepare substituted cyclic ethers enantioselectively from achiral o-diazo ketones
(eq. 1). Prior to our work, Nozaki had reported that it was possible to prepare tetrahydrofurans with low ee by
[1.2]-rearrangement of oxonium ylides generated in an intermolecular fashion by reaction of racemic oxetanes
with carbenoids generated from the reaction of ethyl diazoacetate with chiral non-racemic copper complexes.*

Recently, Katsuki has extended this work and reported that tetrahydrofurans can be prepared with high
enantiomeric purity when copper bipyrindine complexes are employed as catalysts for this reaction.” While our
studies were in progress, McKervey reported the enantioselective synthesis of a limited range of cyclic ethers

with modest ee by intramolecular cyclisation of chiral rhodium carbenoids generated from a-diazo f-keto
esters® and Doyle demonstrated that it is possible to perform highly enantioselective tandem oxonium ylide
formation and [1,2]-rearrangement reactions using chiral rhodium carbenoids.” These recent reports have
prompted us to disclose some of our preliminary results at this time.
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A wide range of chiral copper complexes was screened in order to find the most suitable chiral catalyst fo

carbenoid generation.'*'"® Prehmmary experlments focused on chiral catalysts that had been uscd for ana]ogous
asymmetric carbenoid reactions such as cyclopropanation.” Initial results revealed that C,-symmetric
diimines (1) prepared by reaction of commercially available (S,5)-1,2-cyclohexane diamine with aryl aldehydes
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were the most satisfactory ligands for our purpose, and so a wide range of these compounds was prepared (eq.
2). Ligands based on chiral C,-symmeiric diamines are becoming increasingly important in asymmeiric
synthesis, and Jacobsen has used copper complexes of analogous diimine ligands to catalyse asymmetric
10

cvurlanrananatinn and aziridinatinn raactinne
LYGIOpiOpanaiiin aiiG azii iGiiaUll ivaluons.

_Ar
ﬁ a  Ar=26-CLCH, f  Ar=4-(MeO)XCg,
m“.""z ArCHO, EOH, reflux m.«" b  Ar=34CLCH, g Ar=4-NCCH,
— ¢ Ar=35-F,CGH, h  Ar=4MeC¢H, )
N a ™ v".‘. d Ar=35Me0),CH; i  Ar=24,6Me,Cd,
||\ e Ar=35(CE;)C¢H; j Ar=2-(Ph,P)CH,
Ar

We first investigated the asymmetric cyclisation of some simple achiral o-diazo ketones (2) to give
tetrahydrofuran-2-ones (3) (Scheme 1). Copper complexes of a wide variety of diimine ligands (1a—j) were
evaluated as catalysts for the reaction of the substrate 2a. Although significant levels of asymmetric induction
were obtained in most cases,'' the copper complex obtained by in situ reaction of the ligand 1a with
Cu(MeCN), PF, gave the best results.'® In each case, the enantiomeric purity was determined by chiral HPLC
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(Scheme 1) We found that the substituent nattern had a nrofound effect on level of enantiocontrol (Tahle)
(>dcheme 1) € tound that the substituent pattern nad a proround ctiect on level of enantioconirol (1anie)
Cyclisation of the parent substrate 2a provided the product ketone 3a in 57% ee. Introduction of methyl

substituents adjacent to the carbonyl group (substrate 2b) had little effect on the level of asymmetric induction.
However, when methyl substituents were placed adjacent to the ether-oxygen (substrate 2c¢), the level of
asymmetric induction was substantially reduced. The presence of a methyl substituent at the 2-position of the
allyl group (substrate 2d) resulted in a dramatic reduction in the level of asymmetric induction. Interestingly,
this drop in ee could be largely counteracted by the introduction of methyl substituents adjacent to the ketone
(substrate 2e).
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Scheme 1
Substrate R! R? R>  Yield3(%)* ee(%)” Configuration®
2a H H H 62 57 R
2b  Me H 57 56 —
2 H Me H 54 23 —
2d H H Me 62 6 R
Me H Me 92 a2 R

"

a Yield of isolated material after purification by column chromatography. b Enantiomeric excess
determined by HPLC analysis of the alcohol 4 or the 3,5-dinitrobenzoyl ester 5 (Scheme 1).
¢ Configuration determined by NMR analysis of derivatives of the alcohol 4 (see text). d Absolute
configuration was not determined.
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In those cases where the absolute configuration could be determined, the configuration at the new
stereogenic centre in the product 3 was found to be R. The absoiute configuration was determined by
conversion of the racemic alcohols (1)-4 into the corresponding diastereomeric derivatives 6a and 6b and
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subsequent ysis of these derivatives by NMR as described by Trost (eq. 3).'" In those cases where
separation of diastereoisomers was possible, the diastereomeric esters were distinguishable by chemical shift
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configurauon was established.” Removal of the auxiliary permitted correlatlon with the non-racemic alcohol 4
obtained by reduction of the ketones 3 isolated from the enantioselective reactions (Scheme 1).
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— (5)-PhCH(OMe)CO,H, — Y
R“'A=n DCC, DMAP, m.ﬂﬂ:. Rzl':'Kg/g\ * Rz g/l"". ©)

R R2 ~ ﬁ)\ ~AR2RAD, 2 o R2 I-)\ R2 %
(&)-4 R? 48-94% 6a R? 6b R®

We also examined the enantioselective cyclisation reactions of the aromatic substrates 7 (eq. 4). Cyclisation

of the substrate 7a under optimum conditions afforded the ketone 8a with an ee of 37%. However, we
14
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observed a graaual decline in the ee of the proaucz when reaction times were exiended (Z1U-1D rmn),
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indicating that this product is prone to racemisation. Therefore, it is conceivable that racemisation may be
occurring during the reduction and derivatisation sequence (analogous to Scheme 1) and that the ketone

significantly greater ee than that indicated. Cyclisation of the diazo

obtained directly after cyclisation may have a
h a high level of diastereocontrol. Erosion of ee by racemisation was not

ketone 7h afforded the product 8b with a
an issue in this case because loss of stereochemical integrity at lhc stereogenic centre o to ketone would have
manifested itself by the formation of the other diastereoisomer. Cyclisation of substrate 7¢, in which tether

length was increased, afforded the ketone 8c with low ee.
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- Cu(MeCN)PFq (2 mol%), TR LYa
/W : “/R Ligand 1a (3 mol %), NJ\E/\ a 85% 37%ee
| J »> || | I b 3% 24%ce 4
- no CH,(,, reflux 7 no ¢ 57% 15% ee
7 an=0,R=H 8
bn=0,R=Me
cn=1,R=H
The results presented above can be accounted for by two alternative mechanistic pathways (A and B,
Scheme 2). In both mechanisms, treatment of the achiral a-diazo ketone substrate affords a chiral carbenoid

(9) which is then attacked by the ether oxygen to give the metal-bound ylide 10 with the creation of two
stereogenic centres (denoted by *). In mechanism A, loss of the metal affords the free oxonium ylide 11 which
possesses a stereogenic oxonium centre (*). Rearrangement then occurs with efficient transfer of chirality to
afford the cyclic ether 12."° For this mechanism to be operative, the energy barrier to inversion of configuration
at the sp’ oxonium centre of the ylide must be significantly greater than the transition state energy for the
rearrangement reaction. In mechanism B, rearrangement occurs directly (i.e. without formation of a free
oxonium ylide) from the metal bound intermediate 10 to give the cyclic ether 12 by an as yet undefined
process. In this case the stereochemical outcome of the reaction is dictated by the stereogenic centres (*)
established during initial attack on the carbenoid, and the environment created by the chirai ligand(s) attached to
copper.
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Scheme 2

The results described above demonstrate that it is possible to prepare five- and six-membered cyclic ethers
enantioselectively with modest to reasonable levels of asymmetric induction from achiral diazo ketones using
chiral copper complexes as catalysts. The results obtained upon cyclisation of the substrates 7 suggest that the
presence of a phenyl ring in the tether connecting the diazo ketone to the allylic ether has a deleterious effect on
the level of asymmetric induction obtained upon cyclisation.

Molecular modelling and further synthetic work to elucidate the detailed reaction mechanism are in progress.

The results of these studies will be reported in due course.
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