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ABSTRACT: Transition metal-catalyzed decomposition of phenyliodonium and diphenylsulfonium ylides was in-
vestigated with regard to application in asymmetric carbenoid reactions. Phenyliodonium ylides react in the presence
of Rh(ll) catalysts with the same selectivity in inter- and intramolecular cyclopropanations as the corresponding diazo
compounds, and intramolecular CH insertions proceed with identical enantioselectivities. With diphenylsulfonium
ethoxycarbonylmethylide the Cu(l)-catalyzed cyclopropanation of olefins aftoads/cis ratios and asymmetric
inductions identical with those of diazo compounds, but with Rh(ll) catalysts some small, although significant,
selectivity variations occur, which are ascribed to coordination of diphenyl sulfide to one of the coordination sites of
the catalystd 1998 John Wiley & Sons, Ltd.
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INTRODUCTION butylene (synthesis of cilastatif) and an Rh(ll)-

catalyzed intramolecular NH insertion (Merck synthesis
The thermal and photochemical decomposition of diazo of thienamycin):* One of the reasons for this short list of
compounds affords carbentBiazo compounds are also  applications is the requirement for diazo compounds as
decomposed in the presence of certain transition metalcarbenoid precursors, which are potentially explosive,
catalysts based on CiRh2Ru,* P& or Co® Underthese  toxic and/or carcinogenit For this reason we have
reaction conditions, metal carbenoids are formed asinvestigated ways to generate metal-complexed carbenes
reactive intermediates, which are capable of transferringfrom precursors other than diazo compounds. The
the carbene moiety to appropriate acceptors. Thesesystems investigated are phenyliodonium and diphenyl-
metallocarbenes are not, in general, isolable, but convin-sulfonium ylides. For both precursors the possibility of
cing evidence for their occurrence in transition metal- metal-catalyzed carbenoid transfer has been suggested,
catalyzed carbenoid reactions of diazo compounds isalthough not demonstrated, previously in the literature.
available’

If the transition metal carries chiral ligands, the
carbene transfer may become enantioselective. OverC
recent years efficient methods for high-yield cyclopro-
panationd cyclopropenatior’s and CH insertions
proceeding with almost perfect enantioselectivities have
been developed. Despite this progress, large-scale appliSynthesis and thermal, and photochemical de-
cations of metal-catalyzed carbene transfer reactions arecomposition of phenyliodonium ylides
limited. Among the known examples are pyrethroid
synthesis (Cu-catalyzed cyclopropanation of 2,5-di- The chemistry of phenyliodonium ylides has been
methylhexa-2,4-dien&), the cyclopropanation of iso- pioneered by Neilands. The ylides #) are synthesized

by heating activated methylene compount)sxith iodo-

sylbenzene 23) in chloroform. Other procedures use
*Correspondence toP. Miller, Département de Chimie Organique, iOdOSylbenzene and aC_etiC anhydﬁﬂer diacetoxyiodo-
Universitede Genee, 30 Quai Ernest Ansermet, CH-1211 Geneva, Sylbenzene3)in MeOH in the presence of KOH at5 to

ARBENOID REACTIONS WITH PHENYLIODO-
NIUM YLIDES

Switzerland. . . . . 0°C.Y” This latter method of Schahkis the method of
Contract/grant sponsorSwiss National Science Foundatiamntract . . L . .

grant number:20-45255.95, 20-48156.96. choice. Itis, however, limited to ylides suchsarrying
Contract/grant sponsorSocigé Acadamique de Gehee. two electron-withdrawing substituents, such as carbonyl,
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alkoxycarbonyl or sulfonyl. Phenyliodonium ylides
having only one such substituentare not isolable.
Alternatively, phenyliodoniumylides have beengener-
atedvia [Rhy(OAc),]-catalyzeddecompositiorof diazo
compoundsit40—45°C in thepresencef iodobenzené®
Thus, decompositionof 2-diazocyclohexag1,3-dione
(5a) or its 5,5-dimethylderivative5b affordedtheylides
6a and 6b in yields of 37 and 71%, respectively.A
plausibleinterpretationof this reactioninvolvestransfer
of thecarbendrom thediazocompoundo theiodinevia
arhodium—carbend intermediate However,the proce-
dureis not of interestwithin the contextof our objective,
which consistof avoidingthe useof diazocompoundsn
the generatiorof metal-complexeaarbenes.

The photochemicaland Cu-catalyzeddecomposition
of phenyliodoniumylides, and the reactions of the
correspondingliazocompoundsyereinvestigatedinder
a variety of reactionconditionsby Hayasiet al.*® The
products/—10 resultedfrom the Cu-catalyzedeactionof
theylide 6b in EtOH at 25°C. The occurrenceof a ring-
contractedproduct10 (25%), presumablyderived from
Wolff-type rearrangememf anintermediatecarbenejs
noteworthy.Compound10 is alsoformedin 39% yield
together with other products upon Cu(l)-catalyzed
decompositionof diazodimedonen refluxing ezhanol
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(5b). Hayasi et al.'® were the first to invoke a Cu-

complexedcarbendn the metal-catalyzedeactionsand
freecarbenedn differentspinstatesn the photochemical
transformationgo accountfor the variation of product
distribution with differing reaction conditions in the
decompositiorof iodoniumylides.

Nicholasetal.*® reactedseveraldiazocompoundsnd
phenyliodoniunylidesin the presencef triphenylarsine
andCu(l) or Cu(ll) catalystgo generatearsoniumylides.
In addition, the [Cu(acac)]-catalyzed reaction of the
iodoniumylide 11aderivedfrom malonicesterafforded
a sulfonium ylide with thioanisoleand a sulfoxonium
ylide with dimethyl sulfoxide. When 11a was decom-
posedusing [Cu(acac)] in cyclohexeng12), cyclopro-
panatiorto 13occurredn 38%yield. Theformal carbene
dimer 14 (41%) wasisolatedin addition. Similarily, the
[Cu(acac)]-catalyzeddecompositiorof phenyliodonium
bis(phenylsulfonyl)mthylide (15), first described by
Varvoglis and co-workers?° affordedthe cyclopropana-
tion product16 with 12 (14%). Photochemicadlecom-
position of 15 in acetonitrile—cyclohexemnaffordedthe
adductl6 in 31% yield. Photolysisin benzenejn turn,
resultedin a 65% vyield of formal insertion into the
aromaticCH bond.

Although the mechanismof thesereactionswas not
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investigatedn detail, furtherstudiesby Moriarty andco-
workerg! showedthat the situation was complicated.
Several phenyliodonium ylides derived from p-keto
esters and f-keto sulfones such as 17 underwent
intramolecularcyclopropanatiorat 25°C in the presence
of acatalyticamountof CuClin yieldsrangingfrom 76to
90%. The reaction also occurred in the absenceof
catalyst,althoughin lower yield. The proposednechan-
ism of the uncatalyzedntramolecularcyclopropanation
involvesanelectrophilicattackonthedoublebondby the
iodonium center of 17, followed by intramolecular
trapping of the resulting cationic centerof the zwitter-
ionic intermediate18. The sequences terminatedby
reductive elimination of Phl from the hypervalent
intermediatel9 to afford 20. An analogousnechanism
involving radicalintermediatesvasalsoenvisagedThe
role of the catalystwasconsideredo consistin electron
transferto the proposedodoniumcenterof theylide. It is
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noteworthythat photochemicakeactionof 17 afforded
noneof the expected?0.

A carbenemechanismwas ruled out for the metal-
catalyzedeactionontwo groundsFirst,iodoniumylides
underwent numberof cycloadditionreactiondeadingto
five-memberedheterocyclic rather than cyclopropane
productswith polarized double bonds, and even with
alkenes*23 In addition, no cyclopropanesare formed
from 2,4-dinitro-6-phenylidonium phenoxidewith al-
kenes,alkynesand aromatics>* Second,no Wolff-type
rearrangemenproductswere formedin the reactionsof
the iodonium ylides which would be expected if
ketocarbenesvere involved asreactiveintermediate$®
However heterocycliaatherthancyclopropangroducts
havealsobeenreportedin carbenoidreactionsof diazo
compoundswith a variety of multiple bondsincluding
nitriles, acetylenes,carbodiimides,aldehydesand iso-
thiocyanate¥2® and even with certain olefins?’ In
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addition, the reactionsof 2-diazoniumphenoxideshow
remarkable similarities to those of the analogous
phenyliodonium compound$® Furthermore, ketocar-
benes,when generatedin the presenceof Cu or Rh
catalysts,do not, in general,undergoWolff rearrange-
ment?°

Althoughthe observation®f Moriarty andco-workers
do not definitely rule out a carbenemechanisnfor the
metal-catalyzed decomposition of phenyliodonium
ylides, they are pertinentwith respecto the prospeciof
realizing enantioselectiveeactionswith thesereagents.
The occurrenceof a non-catalyticcompetitive reaction
pathway in the intramolecular cyclopropanation of
olefins could be detrimentalto the enantioselectivityof
the overall processin addition,if therole of the catalyst
is limited to reversible electron transfer, then the
possibility of realizing enantioselectivereactions is
unlikely. It should be noted, on the other hand,that a
radical pathwaydoesnot, per sg precludeasymmetric
induction. As recently demonstratedn the asymmetric
version of the [CuCl]-catalyzed allylic acetoxylation
(Kharaschreaction),asymmetridnductionis compatible
with a radical pathway,providedthat the reactionpro-
ceedsin or nearthe coordinationsphereof the metal°

We consideredhat phenyliodoniumylides would be
an attractive extension of our previously examined
Rh(ll)-catalyzed asymmetric carbenoid reactions of
diazo compoundsRh(ll) was preferredover Cu(l) asa
catalystbecauseof our pastexperiencewith Rh-based
catalystsandbecausdrh(ll) is not knownto participate
in electrontransfer’! If the Rh(ll)-catalyzeddecomposi-
tions of diazocompoundsandthat of the corresponding
phenyliodonium ylides proceed via metal-complexed
carbenesthenthe productdistributionandthe selectivity
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exhibited from thesecarbeneprecursoramust be iden-
tical.

Rh(ll)-catalyzed carbenoid reactions of iodonium
ylides

Intermolecular cyclopropanation and cyclopropana-
tion. Thereactionconditionsfor [Rhy(OAc)4]-catalyzed
cyclopropanationof olefins with the ylide 11a were
optimized with cyclohexene(12). In CH,CI, at 20°C,
both 11a and the correspondingdiazo compound11b
afforded virtually identical product mixtures consisting
of productsof cyclopropanatior(13), insertion(21) and
carbenalimer14in aratio of 57:38:5.No intermolecular
cyclopropanatiorccurreduponheatingtheylide 11a(1
equiv.) in cyclohexene(20 equiv.) for 3h at reflux
without a catalyst3® The only productsisolated were
unreactedylide and a trace of 14. Under the same
reactionconditionsstyrene(22) wascyclopropanatedo
give 23 in 61% yield. The p-methoxy- and p-nitro-
substitutedphenyliodoniumylides 11c and 11d both
affordeda 55% yield of cyclopropanatiorproduct23.

Allylbenzene(24), representingnonosubstitutedon-
conjugatedlefins,reactedsimilarly to 25. With phenyl-
acetyleng(26) the correspondingyclopropeng?27) was
isolatedin 37%yvield (56% with ethyl diazomalonat®).
Althoughthisyield is low, it is remarkablen view of the
fact that no cyclopropenecan be isolatedupon Rh(ll)-
catalyzedcyclopropanationof 26 with ethyl diazoace-
tate3

The relative reactivities (k;e)) Of substitutedstyrenes
towards the ylide 11a and diazomalonatellb under
[Rhy(OAC),] catalysisweredeterminedrom the product
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05 ratios of competition experiments using equimolar
22¢ amountf two olefinsin atenfold excesoverthe diazo
22d compoundor theylide, respectively.

The correlationof the selectivity of the cyclopropana-
tion of styrenes(22), allylbenzene(24) and phenyl-
acetyleng26) with theylide 11avsthatof diazomalonate
11b exhibitsa slopeof 1.01(Fig. 1). A slight deviation,
probablydueto instability of the cyclopropeneis found
for the cyclopropanationof phenylacetyleng26), but
otherwisethe selectivitiesare identical, which suggests
that the reactionsof both reagentamay proceedvia the
sameintermediate.
log k, for 11a The Hammettplot of the relative reactivities of the

-1 T T substitutedstyrenesvs o (Fig. 2) hasa slope —0.47,

-1 -05 0 0.5 which is in the samerangeas the valuesobtainedfor

Figure 1. Plot of log k. for [Rho(OAC),]-catalyzed reaction of cyclopropanationwith free carbenes(p = _0-3%2 for
olefins 22 (22a, styrene; 22b, 4-methylstyrene; 22c, 3,4- addition of dichlorocarbendo styreneat 80°C).>” This
dimethoxystyrene; 22d, 4-methoxystyrene; 22e, 4-nitro- weak selectivity is characteristicof carbeneadditions,
styrene) and 24, and phenylacetylene (26) with dimethyl andis generallyattributedto anearly transitionstate®°
?ﬁi‘;malonate (11b) vs log ket with phenyliodonium ylide For the analogougCu(acac)]-catalyzedreactionthe p-
' valueis —1.12.Althoughthis lattervalueis considerably
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Figure 2. Hammett plot (vs ™) for cyclopropanation of substituted
styrenes (22a-e) with phenyliodonium ylide (11a) catalyzed by
[Rh>(OACQ)4] (p = —0.47) or [Cu(acac),] (p=—1.12).
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higher than that observedfor [Rhy(OAcC),], its signifi-
canceis questionablelt could be simply indicative of a
morepolartransitionstate put couldalsobeindicativeof
a mechanisticchange.At presentthere are no experi-
mentaldatawhich would allow a distinctionto be made
betweenthesepossiblilities.

No reactiontook placewhendimethyl diazomalonate
(11b) wasexposedo Doyle etal.’s [Rhy{(2S)-mepy}]®’
catalyst28. In contrast,the phenyliodoniumylide 11a
and its p-nitro- and the p-methoxy derivatives1lc and
11d, respectively, decomposedslowly within 3h to
afford the cyclopropane23 in yields rangingfrom 12 to
20%. However,no optical induction occurredwith this
catalyst.

Cycloaddition of cyclic phenyliodonium ylides to
furans. In 1991, Pirrung and co-workerg?-® reported
Rh(ll)-catalyzedformal 1,3-dipolar cycloadditionsbe-
tweencyclic 2-diazo-1,3-diketoneSa and b and furan
(31, dihydrofuransand enol ethers.The reaction pro-
ceedsvia cyclopropanatiornof the double bond by the
carbenoid,followed by rearrangementWith the chiral
[Rh{( R)-(—)-bnp},] catalyst® (29) the adducts32aand
b wereisolatedin 44-50%yield with aneeof ca50%.In
our handsthediazoketone®aandb preparecdaccording
to the procedureof Moriarty et al.*® reactedasexpected
with [Rhy(OAC),], butothercatalystssuchas[Cu(acac)]
and [Rhy{(2 9-mepy}4] wereineffective. The iodonium
ylides 6a and b, in turn, afforded 32a and b with
[Rhy(OAC),] in 30 and 37% yield, respectively,but no
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reaction occurred with [Rhy{(R)-(—)-bnp}4]. Use of
Ikegamiandco-workers[Rhy{( S)-(—)-ptpa}s]*° catalyst
30 resultedin ayield of 21% andan ee at the limits of
credibility (6%).

Intramolecular CH insertion. Carbon—hydrogetond
insertions are characteristic carbene reactions. CH
insertions are particularly favored when carbenesare
generatedh thepresencef Rh(ll) catalystsThereaction
then proceedswith retentionof configuratiot* and, in
the presenceof suitable chiral catalysts, with high
enantioselectivity® The observatiorof enantioselective
CH insertion upon Rh(ll)-catalyzed decompositionof
phenyliodonium ylides was therefore consideredto
provide conclusive evidencefor the intermediacy of
rhodium carbenoids.The choice of compoundsto be
investigatedvaslimited, however sincetheylide hadto
be stabilized by two electron-attractingsubstituentsin
order to be isolable. Unfortunately, this structural
necessityrules out the use of the rhodium(ll) carbox-
amidatecatalystsvhich leadto the highestenantioselec-
tivities in the insertions.At the sametime, the use of
secondarymesoalcoholswith which the highestinduc-
tion has been achievedis problematic, becausetheir
acetodiazoacetatestengive risepreferentiallyto achiral
p-lactones’? ThediazoketoesteB3aunderwentycliza-
tion upondecompositiorwith [Rhy(OAc),] to afford 34
in 95% yield.*®* Under comparable conditions, the
correspondingodoniumylide 33b affordeda 56% yield
of 34. Similarly, the diazo-acetoacetatgbaof 2-phenyl-
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ethanolaffordedthelactone36in 41%yield in CH,CI, at
20°C (85% in refluxing benzenef* In this case,the
presenceof the phenyl group activatesthe benzylic
positionandformation of the y-lactonetakespreference
over that of the -isomer. The iodonium ylide 35b, in
turn, affordedthe y-lactone36 in 28%yield.

The diazoester37a may react via two different
pathwaysIntramolecularccyclopropanatiomf thedouble
bond to 38 may compete with intramolecular CH
insertion into the saturatedside-chainaffording 39.°
The decompositiorof 37awith [Rhy(OAc),] affordeda
73:27mixture of 38 and39 (mixture of sterecisomergh
a total yield of 64%. Whenthe reactionwas carriedout
using freshly preparediodonium ylide 37b the product
ratio was 77:23. However, the ratio changedto 90:10
when 37b was stored (—18°C, 8 days) before the
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reaction.This changen productcompositionis ascribed
to a non-catalyzegpontaneoumtramolecularcyclopro-
panation of the ylide, entirely consistentwith the

propositionof Moriarty etal.*® However it is noteworthy
that no uncatalyzedntermolecularcyclopropanatioror

uncatalyzedntramolecularCH insertion has ever been
reported.

TheintramolecularCH insertionof the keto ester40a
catalyzedby [Rhy{(9-(—)-ptpa}]*° proceedsto 41 in
89%yield with 69% ee[R-configurationat C-3], [deter-
minedafterconversiorto 3-phenylcyclopentamme(42)].
Underthe samereactionconditions,the phenyliodonium
ylide 40b afforded41 in 78% yield with 67% ee

In all casesnvestigatedso far, the productcomposi-
tion for the Rh(ll)-catalyzed decompositionof diazo
compoundsand that of the correspondingphenyliodo-
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nium ylidesis identicalwithin experimentakrror. Since
the intermediacyof rhodium-complexeatarbenesn the
decompositionof diazo compoundsis firmly estab-
lished® the samemust hold for the ylides. This is not
necessarilyhecaseor the Cu-catalyzedeactionsyhere
a different mechanisnmight apply*®

Despitethe mechanisticanalogybetweendiazo com-
poundsandphenyliodoniumylides, the syntheticapplic-
ability of theylide methodologyappeardo belimited. As
mentioned above, the ylides are only isolable when
stabilizedby two electon-attractingubstituentgalkoxy-
carbonyl, carbonyl or sulfonyl). They are often more
difficult to purify than diazo compounds,and their
Rh(ll)-catalyzeddecompositiorrequiresrelatively elec-
trophilic catalystssuchasRh(Il) carboxylatesUnfortu-
nately, the Rh(Il) carboxamidateswhich have been
shownto be the mostefficient catalystsfor asymmetric
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diazodecompositiorare not sufficiently reactivealsoto
inducedecompositiorof phenyliodoniunmylides.

CARBENOID REACTIONS OF SULFONIUM
YLIDES

Background

Sulfonium and sulfoxoniumylides are reagentsfor the
cyclopropanationof electron-deficientcarbon—carbon
double bonds or of carbonyl groups*® The reaction
mechanismproceedsstepwise via zwitterionic inter-
mediatesand doesnot involve carbenesThe possibility
of generatingcarbenegrom sulfoxoniumylideswasfirst
recognizedy CoreyandChaykovsky*’ Photolysisof 43
in MeOH afforded 46, the formation of which was
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rationalized by formation of an acylcarbene44 with
subsequentWolff rearrangemento a ketene 45 and
captureof the latter by the solvent.

Trost*® in turn, postulateda metallocarbeneinter-
mediatein order to rationalizethe formation of cyclo-
propanest8 (90%) and 49 (5%) upondecompositiorof
the sulfonium ylide 47 with anhydrous[Cu(SQ,)] in
cyclohexene (12). The same products, although in
differentproportionsandaccompaniedby acetophenone,
were formed upon photolysisof 47 in cyclohexené'?
Diphenylsulfoniunmethylide(51) generatedh situfrom
the sulfonium salt 50 using NaH in THF reactedunder
[Cu(acac)] catalysis with simple olefins to afford
cyclopropanes52 in 31-48% yield. Metallocarbenes
were proposedas reactionintermediates® The system
was further improved by Cimetige and Julia>* who
employed copper (Il 3-pentylacetylacetonate
([Cu(pentac)]) insteadof [Cu(acac)], which resulted
in anincreasdn yieldsto up to 92%. Decompositiorof
the ylide 53 in cyclohexene with [Cu(acac)] or
[Cu(pentac)] affordedthe cyclopropané4in 70%yield
with an exdendo product ratio of 20:1. Ylide 53 is
thereforea syntheticsubstitutefor methyl diazoacetate.

The formal Rh(ll)-catalyzedintramolecularNH in-
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sertion of two sulfoxonium ylides 55a and b to give

lactams56a and b was reportedby Baldwin et al.>?

Reactiontook placein refluxing 1,2-dichloroethansvith

[Rhy(O-CCR),4). OtherRh(l)-or Cu-basedtatalystsdid

not decomposehe ylides or providedonly decomposi-
tion products>?

In contrast to the phenyliodonium ylides, which
require two stabilizing substituentsat the carbanionic
centerin order to be isolable, one (or even no) such
substituentis sufficient in the case of sulfonium and
sulfoxonium ylides. Accordingly, these speciescould
find complementary applications in enantioselective
carbenoid reactions. Although other mechanismsfor
metal-catalyzedeactionsof suchylides may be possi-
ble® the intervention of metal carbenoidsis usually
suggestedr implicitly assumed.

Metal-catalyzed reactions of sulfonium ylides

The metal catalyzed cyclopropanationof olefins was
investigatedwith ethyl diazoacetate(EDA, 578 and
diphenylsulfoniumethoxycarbonylmethylid¢57b) with
Rh and Cu catalysts.As in the caseof phenyliodonium
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Table 1. Rh(ll)-catalyzed cyclopropanation of styrene (22) with ethyl diazoacetate (57a) and Ph,S=CHCOOEt (57b)*

Catalyst X Yield 58 (%) trangcis ratio ee(trans) (%) ee(cis) (%)
[Rh(OAC),] N> 62 60:40 - -
SPh 44 50:50 - -
[Rh{ R-(—)-bnp}] 45 50:50 5 3
SPh 47 60:40 0 2
[Rhy{ S-(—)-ptpals] Ny 57 47:53 2 2
SPh 35 52:48 0 2
[Rhx{29-mepy}d] N> 20 52:48 54 (1S,29 38(1S2R)
SPh 34 65:35 48 (1529 34 (1S2R)

& Conditions:syringe-pumpddition(15 h) of 57aor 57b (1.0equiv.)in DCE (5.0ml) to [Rh,L 4] (2 mol%) andstyrene(10 equiv.)in refluxingDCE

(10ml).

R1
H COOEt 2 61
\n/ + R1/\/R P \4}4
2
X CN R

57a X=N, 60

57b X=SPh,
HOMe,C
HOMe,C

Scheme

ylides, the observationof identical dia- and enantios-
electivity of the cyclopropanationwas expected to
provide evidencefor the same reaction intermediate
whenstartingfrom eitherof the carbeneprecursorsThe
ylide 57b was prepared according to a procedure
developedby Nozakiet al.>*

The ylide was surprisingly stable and remained
unchangedvhen dissolvedin CDCl; at 20°C for 24h,
althoughdecompositiorproductsstartedto appeamfter4
days.No reactionoccurredwith theylide in the presence
of [Cu(acac)] or [Rhy(OAc),] in CH.CI, at 20°C or at
reflux, but cyclopropanationof olefins took place in
refluxing 1,2-dichloroethan€DCE). Slow additionof the
ylide to styrene (22) (10 equiv.) in refluxing DCE
containing[Rh,(OAc,)] (2%) affordedthe cyclopropane
58 in 44%yield andwith a trangdcis ratio of 1:1. When
thereactionwasrepeatedinderthe sameconditionswith
EDA (579 the trandcis ratio changed60:40. Experi-
mentswith otherRh(ll) catalystssuchas[Rhx{( R)-(—)-
bnp}4] (29) or [Rhx{( 9-(—)-ptpals] (30) affordedsimilar
differencesn thetrangcis ratiosfor 58aand58b (Table
1). Theasymmetridnductionsof thereactionswith these
latter catalystswereinsignificant,however?® Inductions

0 1998JohnWiley & Sons,Ltd.

COOEt

H
R1
* ‘4 COOEt
R2

62 - cis 62 - trans

consistent with results published under comparable
conditions with EDA (578° were realized with
[Rho{(2Smepy}s] (28), but again, the trandcis ratios
for 57a and b were different, changingfrom 52:48 to
67:33.Whendiphenylsulfidewasaddedsimultaneously
with EDA to the cyclopropanatiorreactionof 22, the
ratio was58:42,intermediatebetweenthatfor EDA and
ylide. This suggestshatdiphenylsulfidantervenesn the
reaction, affecting slightly the trangcis ratios and the
enantioselectivitiesA plausible rationalization of this
observatiorconsistsn the occupatiorof oneof the axial
coordinationsitesof the catalystby the sulfideto form a
complexof type 59, wherethe otheraxial siteis occupied
by the carbene.

In orderto verify whether57aand57b would exhibit
similar variationsin the cis/transratiosof cyclopropanes
with Cu catalysts,severalolefins were cyclopropanated
with the Cu—semicorrincomplex 61 of Pfaltz and co-
workers®%” As before, the cyclopropanationsvith the
ylide 57b were effectedin refluxing DCE. However,
under thesereaction conditions, the cyclopropanations
with EDA (578 proceededvithout asymmetricinduc-
tion. Whenthe cyclopropanatiorof styrenewas carried
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Table 2. Selectivity for cyclopropanation of olefins 60 with ethyl diazoacetate (57a) and Ph,S=CHCOOEt (57b) with Cu-

semicorrin Complex 61°

Olefin R* R? X Yield of 62 (%) trangcis ratio ee(trang (%)  ee(cis) (%)
22 Ph H N> 75 75:25 78 54
22 Ph H SPh 31 77:23 71 59
60a CeHyy H N, 20 72:28 63 70
60a CsHiq H SPh 20 73.27 72 74
60b H,C=CH H N, 50 61:39 70 77
60b H,C=CH H SPh 24 60:40 76 80
60c Me,C=CH H N, 50 59:41 nd® nd
60c Me,C=CH H SPh 36 57:43 nd nd
60d Ph Me N> 42 70:30 5 48
60d Ph Me SPh 20 65:35 7 50

& Conditions:syringe-pumpaddition (16 h) of EDA (573) or ylide (57b) (1.0mmol) in DCE (4.0ml) to olefin 60 (10.0mmol) and catalyst61

(0.02mmol) in DCE, 20°C for 574, at reflux for 57h.
b nd= Not determined.

[Rh,{(2S)-mepyl]

(o)

X
63a X=N,
63b X =SPh,

H H
O + (0]
O : 0
H H
64 - cis 64 - trans

Scheme 15.

out at 60°C with addition of EDA over 16h, the ee
decreasedrasticallywith increasingeactiontime. Some
irregularitiesoccurredalsoat50°C. Thisindicategpartial
decomposition of the catalyst, a phenomenonnot
observedin the cyclopropanationsising the ylide 57b.
In orderto avoid all complications,the reactionswith
EDA werecarriedoutatroomtemperaturéseeTable?2).
Althoughthereactionconditionsfor cyclopropanation
with 57a and b are not exactly identical, somegeneral
conclusiongnay be drawnfrom comparisorof the data.
Yields of cyclopropane$2 resultingfrom the reaction
with theylide 57barebelowthoseresultingfrom reaction
with EDA. Thetrangcis ratiosof the cyclopropanesre
constantwithin 1-5%. The enantioselectivitiexhange
slightly more(2—9%),but the variationsareconsiderably
belowthoseobservedn the Rh(ll)-catalyzedreaction®®
It appearsjustified, therefore, to invoke the same
intermediatefor the cyclopropanatiorstartingfrom both
carbeneprecursorsn the caseof Cu catalysis.Although
the presenceof PhS in the Rh(ll)-catalyzed ylide
decomposition has some influence on the reacting
speciesjt doesnot fundamentallychangeits carbenoid
nature.This wasdemonstratetyy theintramolecularCH
insertion of cyclohexyl diazoacetate(638 and the
correspondingdiphenylsulfoniumylide 63b. The diazo
compoundreactedwith [Rho{2 9-mepy},] in CH.CI, at
20°C to afford a 34% yield of cis (97% eg andtrans

0 1998JohnWiley & Sons,Ltd.

(93%e8 lactones64 in a 75:25ratio® In refluxing DCE
the yield decreasedo 11% and the isomer ratio was
68:32,with ees of 88 and 77%, respectively.The ylide
63D, in turn, afforded64 with a yield of 8.5%,a 73:27
isomer ratio and ees of 93 and 85%. Although the
reactionis, at present,not syntheticallyapplicable,the
occurrenceof insertionproductsfrom a sulfoniumylide,
the nearly constant cigtrans ratios and degrees of
asymmetridnductionsupporthe mechanistihyypothesis
of a metal-complexectarbeneintermediate.As in the
Rh(ll)-catalyzedcyclopropanationsye noteagainsmall
variationsin the resultswhich should be attributed to
coordinationof the Ph,S with the chiral Rh(ll) complex.

CONCLUSIONS

This researctwasstartedwith the objectiveof establish-
ing iodonium and sulfonium ylides as substitutesfor

diazocompoundsn transitionmetal-catalyzedarbenoid
reactions.The prerequisiteis that the reactionsproceed
by the same mechanism,involving metal-complexed
carbenesas intermediates.Our results show that this

requirementis clearly met in the Rh(ll)-catalyzed
reactionsof iodonium ylides. In the caseof diphenyl-

sulfonium ylides, both Rh(ll)- and Cu(ll)-catalyzed
reactionsalso proceedvia metal-complexedcarbenes,
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but there are some complications arising from the
presenceof the diphenyl sulfide. As far as the Cu-
catalyzedreactionsof phenyliodoniumylides are con-
cernedthedatacurrentlyavailablearecontradictoryand
insufficientto draw a definite conclusion.

In orderto beof practicalinteresttheylidesshouldbe
readilyaccessiblén highyield, easyto purify andstable
uponstorageln thisrespectmuchhasto beimprovedto
makethemtruly competitivewith diazocompoundsThe
synthetic potential of sulfoxoniumylides in carbenoid
reactionsis currently underinvestigationin our labora-
tory.
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