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A cyclopropanation reaction involving iodonium ylides generated in situ allows for efficient preparation of substituted 1-nitro-1-carbonyl
cyclopropanes. This robust cyclopropanation reaction can be performed in organic solvents, biphasic agueous media, or under solvent-free
conditions with alkene substrates. The iodonium ylides generated in situ display some surprising differences in reactivity when compared to
o-nitro-a-diazocarbonyl compounds. They do not undergo O—H insertion reactions and exhibit reduced reactivity with certain alkenes.

We recently reported a facile and efficient diazo transfer diazo compounds represents a direct approach for cyclopro-
reaction involving trifluoromethanesulfonyl azide for the pane preparatioh.However, the instability ofo-nitro-a-
preparation ofa-nitro-a-diazo-carbonyl$.In our research  diazoacetate reagents precludes their use for the large-scale
program involving the asymmetric synthesis of unnatural preparation of cyclopropane amino acids.
amino acids,these substrates could represent an amino acid ~ Attempts to circumvent the potential drawbacks of diazo
equivalent upon reduction of the nitro group. Additionally, chemistry have led to the development of in situ diazo
cyclopropanes derived from these substrates could serve ageneration procedurésiypervalent iodine(lll) reagents have
useful synthons. also been gaining in popularity as synthetic equivalents to
Of particular interest, however, was the development of diazo compoundg.
an efficient and expedient method for the synthesis of These iodine(lll) reagents represent an attractive alternative
cyclopropane amino aciisia reduction of the nitro group.  for acidic hydrogen containing substratedue to their ease
Transition metal-catalyzed cyclopropanation of alkenes with of preparation. They also exhibit similar reactivities when
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compared to the corresponding diazo substrates. They are Itis noteworthy to mention that although [Rh(OAlg)and
generally isolated upon treatmentlbivith methanolic KOH [Rh(C/H1sCO,),], catalysts gave inferior yields compared to

and bis(acetoxy)iodobenzene (eqd). [Rh(OPiv)],, stirring overnight allowed for isolation of 70
and 81% yields ofl, respectively. A modest yield d@f (67%)
Ph was maintained when only 2 equiv of styrene was used.
KOH 1~ R'=R2= CO,R . . .
RIS R2 R'=R2=NO, (1) The scope of the cyclopropanation reaction was examined
; Phl(OAc),  R! , R? R'=R2= SOLAr by variation of steric bulk on the-nitro carbonyl substrate.

The results suggest that the reaction is efficient for a variety

of a-nitro carbonyl substrates (Table 2). Of particular interest
Under these reaction conditions methyl nitroacet&e (

failed to yield the desired iodonium ylides due in part to _

solubility problems and/or degradation. Thus, we turned to

an in situ approach where the iodonium ylides are generated!@P!e 2. Scope of the Cyclopropanation Reaction

in the presence of Rh(ll) carboxylate catalysts and an olefin R [Rh(OPiv)g] (0.5 mol%) NO,
substraté! This “one-pot” procedure would avoid isolation ON"Y )><COR
of the potentially unstable intermediate. A number of reaction Phi(OAc); (1.1 equiv) PH
variables, including solvent and base, were tested (Table 1). S%t:te éshei”'v) 6

Table 1. In Situ Generation of lodonium Ylides Followed by 6a OAllyl 71 90:10
Cyclopropanation 6b OBn 83 84:16
6C Oi-Pr 640 82:18
[RhLp]2 (0.5 mol%) 6d Ph 61 9:91
oN~~yOMe _PhI(OAC), (1.1 equiv) )><NO2 6d Ph 75¢ 10:90
o] Solvent, Additive p/ ~ COzMe e ¢-CsHs 72 72:28
3 Styrer;eh(snequnv) 4 alsolated yields after purificatior?.Reaction time: 3 h¢ Heated at 40
’ °C for 3 h.
additive yield of ratio
solvent catalyst (equiv) 4 (%) E/Z
CH.Cl,  [Rh(OAG)l 3AMS 0be 92:8 is the tolerance for alkenes that are part of éheitro ester
CH.Cl,  [Rh(OAC): MgO (5) 50c 92:8 reagent (5a), as the reaction proceeded smoothly and
CH.Cl,  [Rh(OAC)]» Na,COs3 (2)  32° 90:10 exclusively in an intermolecular fashiddThe reaction can
H20 [RNh(OPiv),]2 Na,COs3 (2) 86 93:7 also be successfully scaled-up with reduced catalyst load-
none [Rh(OAC)2]2 none 41 90:10 ings4
none {2258;5'1;0]02)2]2 none ;; Zéiz a-Nitro ketones also lead to modest isolated yields in the
none 1IV)2]2 none : . . . .
hone [RA(OPiv).]» one 67 928 cyclopropanation reaction, closely approximating that of the

diazo substrate except for substréein which yields of

2|solated yields after purificatior’. Phi=0 used as a hypervalentiodine 749 can be obtained when the diazo is u&ed.
source.® Reaction time: 6 h in refluxing C¥Cl,. @ Styrene (2 equiv) was

used. The yields could be improved to 75% by heating af@0

for 3 h. It is noteworthy that this-nitro ketone substrate
allows access to predominantly the (Z)-isomer.

In all cases, the reagents were added simultaneously and Next, a variety of olefinic substrates were tested under
allowed to stir. Initial attempts in refluxing dichloromethane the standard conditions (Table 3). We noticed small differ-
afforded low to modest yields with a variety of drying agents ences between the reactivities of the in situ-generated
and bases. When the reaction was performed using water agodonium ylides and the diazo compounds.

a solvent and a hydrophobic cataly3the yields reached Cyclopropanation in the presence of alkenes such as
acceptable levels. To further simplify the procedure, the jndene, para-substituted styrenes, amdnethyl styrene
reaction was tested in the absence of solvent and additivesyfforded the corresponding cyclopropanes with similar

and found to give optimal yields of cyclopropa#én only chemical yields to the reaction using the corresponding diazo
2 h at room temperature. reagents, while 1,1-diphenylethylene and methylene cyclo-
pentane were problematic under the standard reaction condi-

(10) Ochiai, M.; Kitagawa, YJ. Synth. Org. Chem. Jp2000, 1048. tions (Table 3). Acceptable yields of the cyclopropanes were

(11) Dauban et al. reports a cyclopropanation involving dimethyl . . .
malonate, PhI=0, and Cu(acae)s a catalyst affording 55% of cyclopro- obtained Whe_n_ the reaction m'_XtureS were heated tOg-O
pane; see: (a) Dauban, P.; Saniére, L.; Tarrade, A.; Dodd, R. Am. for 3 h (condition C) 8e,f)!® It is noteworthy to mention
Chem. Soc2001,123, 7707. For examples involving nitrogen analogues
of phenyliodonium ylides, see: (b) Espino, C. G.; Du Boig\dgew. Chem.,

Int. Ed.2001,40, 598. (c) Espino, C. G.; Wehn, P. M.; Chow, J.; Du Bois, (13) A variety of intramolecular cyclopropanations can be achieved with
J.J. Am. Chem. So@001,123, 6935. the corresponding diazo substrate (see also ref 16).

(12) Use of hydrophobic catalysts in agueous reactions is critical for (14) On a 700 mg scale, 0.1 mol % [Rh(ORjy)gave 75% isolated
success (see ref 8a). yield (93:7E/Z ratio) of 4 upon being heated f® h at 40°C.
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s similar to those in the diazo-mediated cyclopropanation (75%

Table 3. Diazo vs lodonium Ylides Cyclopropanation Scope yield in a 86:14E/Z ratio; E = 30% ee,Z = 12% ee).°

X . o [Rh((S)-PTPA), (0.5mol%) 74 % yield
1_ome [RR(OPW)ez (0.5 mol%) NO, 3 L 4 E/z82:16 )
O2N J>< styrene (5 equiv) E = 30% ee
o] Conditions COzMe PhI(OAC), (1.1 equiv) — 25
A, BorC R neat, 3 h, rt Z=13%ee
X = Ny (7a) ) 8
X = Hy (3) Alkene (5 equiv) N . .
Next, a competition experiment was performed with benzyl
yield E/Z a[cohol and styrepe (eq 3). Surprisingly, using an iodonium
product alkene conditions® (%)  ratio ylide led to exclusive formation of the cyclopropane product
4 (70% isolated yield). Methyl nitro diazoacetata gave a
4 styrene A 90 90:10 : . . .
B 83 928 mixture of cyclopropand and O—H insertion produd@ in
8a indene A 84  100:0 a 1.7:1 ratio (90% overall yield). Mechanistic reasons for
B 91 1000 the differences in reactivities are presently unknown and will
8b 4-MeOCgH4CH=CH, A 91° n/a be the subject of future work.
B 82p
8c 4-CICH4CH=CH, A 87 919 [Rh(OPiv)a]o (0.5 mol%)
B 75 919 Benzyl alcohol (5 equiv) OBn
8d CeHsC(Me)=CH, A 91  97:3 7aor3 4 + 4 NJHrOMe (3
B 80 98:2 Styrene (5 equiv) 2
8¢  Ph,C=CH, A 97° nla Conditions 9
B 0 n/a A or B (see Table 3)
c 63® nla ) ) ) o
8f methylenecyclopentane A 80 nla A variety of other bis(acetoxy)iodobenzene derivatives can
B 0 nla be easily prepareH,but presently, there appears to be no
c 73 nla advantage in using structurally modified iodonium(lll)

aA: Diazo (0.5 M in CHCI,) was added dropwise over 15 min to alkene re_agents' This report offers a safe alternativectoitro-a.- .
and then stirred for 2 h. B: PhI(OAc)1.1 equiv), neat, 2 h, rt. C: Same  diazo carbonyls, although there are advantages and applica-
as A, except the reaction was heated at@@or 3 h.® Isolated as a mixture tions for both. Eurther examination of the implicated
of cyclopropane and isoxazoliné-oxide. . ’ . . . .

mechanism and asymmetric cyclopropanations is being
studied and will be reported in due course.
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