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Rhodium(ll)-catalyzed nitrene transfer with phenyliodo-
nium ylides
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ABSTRACT: The [RB(OAc),]-catalyzed decomposition of NsN=IP{iN-(p-nitrobenzenesulfonyl)imino]phenyl-
iodinang affords aziridines in the presence of olefins and insertion products with compounds having activated CH
bonds. The aziridination is stereospecific, and the insertion proceeds with retention of configuration. With chiral
Rh(Il) complexes, enantioenriched products result. A one-step mechanism involving a metal-complexed nitrene is
proposed for both reactiongl 1998 John Wiley & Sons, Ltd.
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INTRODUCTION MeOOC ~ COOMe  MeOOC COOMe

X-C¢H,SO,N=1Ph
Phenyliodonium methylided) are useful substitutes for I:Ph :2 3X=pMe
diazo compounds2j (Scheme 1) in transition metal- 4X=pNO,

catalyzed carbenoid reactioh§he possibility of realiz-
ing analogous nitrene transfer with the corresponding

nitrogen containing phenyliodonium ylides such as |oss of stereospecificity in the Cu-catalyzed aziridination
TsN=IPh {[N-(p-toluenesulfonyl)imino]phenyliodinane  of cis-f-methylstyrene suggests a two-step mechariism,
(3)} was first recognized about 15 years ago. Mansuy’s where thecis/transratio of the aziridines is determined
group discovered the aziridination of olefins on metallo- py the relative rates for ring closure and cyclization of an
porphyrin-catalyzed decomposition 8f Aziridination intermediate biradical. A similar situation prevails in the
using TsN=IPh §) and Cu(l)-based catalysts was [Mn"(salen)]-catalyzed epoxidation of olefifis.
subsequently developed_and optimized to become an The first metal-catalyzed inter- and intramolecular
efficient synthetic method.Cu(l) catalysts with chiral  nitrene insertions into CH bonds by iminophenyliodi-
bis(oxazoline‘} or salerl ligands provided aziridinations nanes in the presence of metalloporphyrins or
with enantioselectivities of up to 98% in selected cases. [Rhy(OAc),] were reported by Breslow and Gellman.
The observation of almost enantiomerically pure Mansuy’s group’ investigated insertions of olefins with
pruducts in olefin aziridination wit in the presence  TsN=IPh @) and Fe- or Mn-porphyrins. As in aziridina-
of chiral Cu catalysts is consistent with a mechanism tjon, the overall insertion may proceed in a single step in
where nitrene transfer occurs in close vicinity of the analogy with the CH insertion of singlet carbetfeand
metal. The intermediacy of metal-complexed nitrenes in Rh-carbenoid$? but could also be the result of a two-
the Cu-catalyzed aziridinations was unambiguously step mechanism involving hydrogen abstraction/radical
demonstrated by Let al® The details of the nitrene  recombination with concomitant loss of stereochemical
transfer from the metal to the substrate are, however, lessntegrity. The investigations by Mansuy’s group suggest
clear. Aziridination may be a one-step process, in that the latter mechanism should apply to the metal

analogy with olefin epoxidation or cyclopropanation porphyrin-catalyzed insertions with)
with peracid§ or carbene$, respectively, but a two-step

process proceedingia biradical or even zwitterionic

intermediates may not be ruled aatpriori. The partial RHODIUM(II)-CATALYZED AZIRIDINATION OF
OLEFINS

Scheme 1.
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yield when styrene (5) (20 equiv.) is exposed to
suspendedsN=IPh(4) (1.0 equiv.)in dichloromethane
containing [Rhy(OAc)] (0.02 equiv.). The yields are
decreasedf the doublebond carrieselectron-attracting
groups,or if it is stericallyhindered™® The aziridination
of hex-2-eneand -methylstyrends stereospecificbut
thatof stilbeneis not. The Hammettplot for aziridination
of substituted styrenes exhibits a reaction constant
=-0.60 (vs ¢"). With Rh(ll) catalystshaving chiral
ligands the aziridination is enantioselective.Thus,
styrene (5) and cis-f-methylstyrene(6) afforded the
aziridines7 and8 havingees of 55and73%,respectively,

in the presenceof Pirrung’s bis(haphthol)phosphate

catalyst9 {Rh[(R)-(—)-bnpl} (Scheme2).*® In con-
trast, the Rh(ll) carboxamidatecatalystsof Doyle and
McKervey,”*’ which have performedvery successfully
in carbenoidreactionswerelesssatisfactoryin enantio-
selectiveaziridinations.

The metal-catalyzd aziridinationswith TsN=IPh (3)
andNsN=IPh(4) areaccompaniedby decompositiorof
theiodinane which ultimately affordsthe corresponding
sulfonamide ArSO,NH, as a secondaryproduct. This
reactionis partially suppressedhentheolefinis usedin
excessover iodinane. In the [Fe-porphyrin]-céalyzed
aziridination this secondaryreactionconsistsin hydro-
lysis of TsN=IPh to iodosylbenzene(Phl=0) and
TsNH,. The iodosylbenzenegeneratedn this way, in
turn, convertscis-stilbene stereospecificallyto the cis-
epoxidein an [Fe-porphyrin]-catalyze oxidation. Alter-
natively, hydrolysisof the putativeFe’=NTs intermedi-
ate may result in the formation of an [Fe—oxo
porphyrin], capableof olefin epoxidation. The yields
of aziridine are improved when the reactionis carried
out under strictly analogousconditionsin the presence
of molecularsieves>® In contrast,no epoxideswere
formeduponaziridinationof cis-stilbeneor otherolefins
with [Rhy(OAc),], evenunder conditionsunderwhich
NsNH, was isolated.Control experimentsevealedthat
[Rhy(OAc), does not catalyze the epoxidation of
stilbene with iodosylbenzeneSince decompositionof
the iodinane also occursin the absenceof water, the
intermediacy of iodosylbenzeneappearsunlikely. An
alternativepathwayfor NsNH, formationinvolving the
hydrolysis of an intermediate of as yet unknown
structuremay exist. Attemptsto trap and identify the
primary decompositiorproductof the iodinanehave so
far beenunsuccessfullThe possibility of the intervention
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[Rhy(OAc)]  20%
[Rhy{(R)-bnp},] 30%, 0%ee

Scheme 3.

of a radical pathway for iodinane decompositionwas
testedby carrying out the aziridinationof styrene(5) in
the presenceof toluene,but no productsresultingfrom
radical dimerization (bibenzyl) or from formal nitrene
insertion into the CHs; group of toluene could be
detected.

Addition of a small amountof sulfolane (0.5%) to
CH.CI, wasbeneficialfor the yield of the aziridination.
Undertheseconditions,aziridinationof styrene(5) with
an equimolar amount of NsN=IPh (4) and 2% of
[Rhy(OAc),] affordeda 64% yield of aziridine 7. Both
smallerandlargeramountsof sulfolaneweredetrimental,
however.Unfortunately,thesereactionconditionswere
not optimumfor the aziridinationof otherolefinsor for
nitreneinsertioninto activatedCH bonds(seebelow).

In theintramolecularaziridination,an excesf olefin
may not be used, but the aziridination reaction profits
from a high local olefin concentrationowing to the
immediatevicinity of thedoublebondwith respecto the
nitrene.In spiteof this, thereactionof 10 proceededvith
poor yield to 11, 20% with [Rhy(OAc),], 30% with 9
(Scheme 3). No induction was observed when the
reactionwascatalyzedwith Pirrung’sRh(1l) bisnaphthol-
phosphatecatalyst9.

The aziridination of the cis-diphenyl-substitutedi-
nylcyclopropane 12 proceededin 35% vyield to 13
(Schemed). No productsexceptunreactedl2, NsNH,
and Phl were found in the crude reaction mixture.
Aziridination of 12 via a radicalpathwaywould resultin
the formation of the secondaryadical 14, which radical
is knownto undergaing openingto 15 (Schemet) with a
rateconstanpf 2 x 10'° s71.18 The absencef products
derived from 15 suggestsa concertedas opposedto a
stepwise radical mechanism for aziridination. This
mechanism is consistent with the stereospecificity
observedin the aziridination of hex-2-ene and f-
methylstyrené>*° It does not explain, however, the
loss of stereospecificityin the caseof stilbene,and a
stepwisemechanisnin which radical cyclization occurs
fastin comparisorwith bondrotationin theintermediate
radicalcannotbe ruled out.

Experimentssimilar to thosereportedby Li etal.’® for
the Cu-catalyzed aziridination with TsN=IPh were
carried out with NsN=IPh—[Rh(Il) bis(naphthol)phos-
phate]9 in orderto establisitheintermediacyof a metal-
complexednitrene.Aziridination of styrene(5) proceeds
in 74% yield and with 55% ee (Schemeb5). Photo-

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 597-601(1998)



RHODIUM(I)-CATALYZED NITRENE TRANSFER 599
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Scheme 4.

chemicaldecompositiorof sulfonyl azidesis known to
producenitrenest® When NsN; (16) was decomposed
photolytically in the presenceof styrene(5) and the
Rh(Il) bis(haphthol)phosphateatalyst9, the resulting
aziridine 7, which was formed in 9% vyield, had an
enantiomeriexcesf 17%.Theazide1l6 underwenino
changewhen exposedto 9 underthe conditionsof the
experiment.The resultimplies that at leastpart of the
reactionmustproceedvia a metal-complexedhitrenel17.
Thetrappingefficiencyof theRh(ll) catalystis, however,
significantlybelowthat of 100%o0bservedy Li etal. in
the Cu-TsN; system.Under our reactionconditionsthe
major proportion of the photochemically generated
nitrene 18 reacts directly with 5 to afford racemic
aziridine7 andonly about30%of 18 is deliveredvia the
metal-complexedpeciesl?.

RHODIUM(II)-CATALYZED NITRENE
INSERTION INTO CH BONDS

The metal-catalyzedaziridination of olefins is often
accompaniedy insertionproductsin variousamounts,
which derivefrom competingsecondaryeactionsin the

NsN=IPh NsN,
4 16
[Rhy(R)-(bnp),]
hv
9 Ns
/
N
[ P i 5
/Elih—/—Fl{h =N-Ns NsN:
17 18 7 (racemic)
1 5
Ns
ré

N

o~
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Scheme 5.
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NsN=IPh
[Rh,(OAC)] NHNs
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a: X = MeO; b: X = Me; ¢: X = Ph; d: X =H; e: X = Br; f: X=NO,

Scheme 6.

caseof the [Mn(TPP)]-catalyzedallylic insertions,all

availableevidenceindicatesa radical mechanismMost
significantly, sulfonamidationof cis-hex-2-enewith 3

resultedin a product distribution typical of hydrogen
abstractionfrom the allylic positions,followed by cis—
trans isomerizationof the intermediateallylic radicals
before further reaction®'° Intra- and intermolecular
insertionshave also been realized upon [Rhy(OAC),]-

catalyzed decomposition of iminophenyliodinans,

althoughthe mechanisnwasnot investigated,

In previouspaperswe havereportecthe discoveryand
scope of CH insertions with the Rh(Il)-NsN=IPh
system*>° Reaction of cyclohexened; afforded a
productdistribution consistentwith a one-stegnsertion
of the nitrene.The [Rhy(OAc),]-catalyzedsulfonamida-
tion of adamantane-1,8, exhibits an intramolecular
isotope effect of 3.52° Unfortunately, consideringthe
large variation of isotope effects in the oxidation of
adamantanewith Phl=0O-metalloporprphjn systems
(2.83-8.71)* this value cannotsafely be assignedo a
specific mechanism.The relative reactivitiesfor sulfo-
namidation of substitutedethylbenzenesl9a— to the
corresponding sulfonamides 20 with NsN=IPh—
[Rhy(OAC),] (Scheme6) were determinedby competi-
tion experimentsand affordeda Hammettplot (vs o)
with a reactionconstantp = —0.90 (Fig. 1), higherthan
that observedfor aziridination of substitutedstyrenes
with the samesystem>

The possibleinterventionof radicalsin the insertions

12

p=-0.898

08 1 4-OMe

04}

ot

-1 -0.5 0 0.5 1

Figure 1. Hammett plot (vs ¢™) for sulfonamidation of
substituted ethylbenzenes (19a—f) with NsN=IPh (4)-
[Rh>(OAQ)4]. p=—0.90 (r=0.989).
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Scheme 7.

wastestedby meansof radical clocks. Sulfonamidation
of cyclopropagindane 20 proceededin 84% yield
without ring openingto the unrearrangedoroduct 21
(Scheme7). This result supportsa one-stepmechanism
for insertion.However,the secondaryadical 22 derived
formally from hydrogenabstractionof 20 opensto 23
with arateconstanof only 1 x 10° s~*.?? Sincethis rate
constant is low, the experimentis only partially
conclusivelndeed radicalrecombinatiorcouldbefaster
than ring opening. In order to exclude this second
possibility, the cyclopropane®4 and 25 were subjected
to sulfonamidatiorio afford 26 and27. Therateconstants
for ring opening of the correspondingradicals 28-30
(k=2x10" s and 29-31 (k=2x10° s are
significantly higher?® Unfortunately, the cyclopropane
ring providesonly weakactivationfor insertioninto the
adjacentCH bondsand, as a consequencehe yield of
insertion products 26 and 27 was low (21 and 5%,
respectively).However, no ring-openedproductscould
be detectedn the reactionmixture, which contained,n
addition to insertion products,only unreactedstarting
cyclopropanesndNsNH,. Thisimpliesthatthereaction
mechansimshouldeither be single step,or in two steps
with the secondstepvery fast.

The stereospecificityof the reaction was examined
with (R)-2-phenylbutane(32) as substrate.Although
sulfonamidationof tertiary hydrocarbonsis known to
afford only pooryieldsof insertionproducts:**°32 was
selectedbecausean unambiguousresult was expected
from its reaction.The amidationproduct33 (SchemeB)
wasisolatedin 3% yield andwasoptically active,having
[0]p?°=—10.2 (CHCl;, ¢=0.50). An independently
preparedsamplé* of the (R)-sulfonamide(R)-33 had
[¢]p*°=8.8 (CHCl;, c¢=0.34). The sulfonamidation
productderivedfrom (R)-32 thereforehasan S-config-
uration.This correspondso retentionof configuratorfor
theinsertion,the changefrom R of phenylbutaneg2to S
in 33 being due to the changein CIP priorities of the
substituents.

0 1998JohnWiley & Sons,Ltd.
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Scheme 8.

Although the resultsof theseindividual experiments
are not entirely satisfactorybecauseof the low product
yields, they arewithout exceptionconsistentith a one-
step insertion mechanismas opposedto a two-step
hydrogenabstraction—radicalecombinatiormechanism.
However,a two-stepmechanismwherethe recombina-
tion stepproceedsat very high rate cannotdefinitely be
ruled out. Conceivably,if the radical pair formed via
hydrogerabstractions in thesingletstate recombination
could be fasterthan reorientationof the radicals.lIt is
clear, however, that this mechanismwould have no
bearing on the possibility of enantioselectivenitrene
insertions.On the other hand,a mechanisninvolving a
free nitrene in the triplet stateis expectedto be non-
specific.

The participation of the catalyst in the product-
forming step is evidenced by the observation of
asymmetricinduction in the sulfonamidationof indane
34 with the optically active catalystsof lkegami {Rh,
[(—)-ptpal} (36) and Pirrung {Rh{(R)-(—)-bnp}.} (9)
(Scheme9). The sulfonamide35 was formed with an
enantiomericexcessof 7 and 31%, respectively.The
intramolecularinsertionof 37, in turn, proceededo 38
with an ee of 10% with 9. These modestlevels of
induction are of little value for syntheticapplications,
but they are neverthelessmechanistically significant.
The observationof asymmetricinductionin the Rh(ll)-
catalyzed insertion demonstratesthat the catalyst is
involved not only in the decompositiorof NsN=IPh(4),
but also in the transferof the nitrene. This is clearly
different from the the [Mn(TPP)]-catd&yzed insertion of
TsN=IPh (3), which proceedsvia a stepwiseradical
mechanisnt*°

©:> NsN=IPh o
[Rh,L] Ph. N
2 NHNs j\ Y

35
o
[

[Rh,{(S)-ptpal ] (36) 77%, 7%ee /n;zh’jelzh

[Rng(Rybnpl] (9)  71%31%ee a8

SO,N=IPh NsN=IPh s%_H
[Rh,{(R)-bnpl,] (9) H

I 38 22%, 10% 68

Scheme 9.
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