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The title compound was found to be an efficient catalyst for the selective cyclopropanati
activated olefins by ethyl diazoacetate. The cyclopropane yields range from moderate to good
95%) for activated olefins such as styrene and styrene derivatives, but are rather low (20 to 3(
non-activated olefins such as terminal and cyclic alkenes. In the intermolecular competition, s
was 45 times more reactive than cyclooctene. In all cdsass (exd cyclopropane predominatec
over thecis (endg isomer.
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Homogeneous catalysis by platinum metal complexes has been traditionally ba:
the use of ruthenium, rhodium and palladturfihe fact that 5d metals usually forr
stronger bonds than their 3d and 4d congeners with hydride, olefin, alkyl, phosj
and other ligands commonly participating in catalytic transformations, has led t
general assumption that reactions typically involving catalytic cycles, such as L
base addition—elimination, oxidative addition-reductive elimination, insertion—deir
tion, etc., are too slow for third row metal complexes to be of any practical applic
in catalysis. However, in the past few years, a number of interesting examples
ganic transformations catalyzed by third row metal complexes have been repor
the literaturé.

Most of the studies of osmium-catalyzed reactions performed so far have co
trated on simple model substrates, for instance in the isomerization and hydroge
of terminal and internal carbon—carbon double and triple bonds and in the reduct
saturated and unsaturated carbonyl compounds. Olefin hydroformylation has als
reported®. The decisive breakthrough in osmium catalysis so far, however, has
made in the asymmetric dihydroxylation of prochiral olefins using cinchona alke
derivatives as the chiral ligarfdfs
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Currently, cyclopropanes hold a prominent position in organic chemistry, bo
biologically active compounds and as valuable synthons in organic syntt
Numerous methodologies have been developed for their construction. Among the
Simmons—-Smith reaction (Eql)j and the catalytic cyclopropanation of olefins |
diazo compounds (Eg2)) have emerged as most versatile synthetic reaction pathw
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Historically, copper-based catalysts have played a prominent role in the in situ ¢
ation of metal carbenes from diazo compounds. In the 1970s, new transition-
complex catalysts were discovered that widened the range of catalytic applicatic
diazo compounds proceeding under much milder reaction condittdn&mong those,
palladium(ll) and copper(l) complexes of poorly coordinating ligands, dirhodiurn
tetracarboxylates and, later, also carboxamides proved to be the most effective.
nium complexes have recently been introduced as cyclopropanation catalybts
none of them has been demonstrated to be really superior to rhodium-based ca
most of the catalysts often lack stereoselectivity. This justifies the search for alter
catalysts. In this context, osmium-based catalysts, although still poorly docume
look rather attractive. While dodecacarbonyltriosmium,[O8),,] has been reportéd
to exhibit a low activity in the catalytic ylide transformation of allyl methyl sulfide (8q.
4% yield) and cyclopropanation of n-butyl vinyl ether (E4), (L3% vyield) with ethyl
diazoacetate, osmium porphyrins proved to be effective catalysts for the cycloprc
tion of alkenes with diazoalkanes.

[0s4(CO);l
H,C=CHCH,SCH; + N,CHCOEt — = H,C=CHCH,CHCO,Et + N,  (3)
|
SCH,4
B [0s4(CO);l H
n—BuOCH—CHZ + NZCHCOZEt W» + N2 (4)

n-BuO CO,Et
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For instance, [Os(TTP)[TTP =mesetetrap-tolylporphyrinato§® led to high yields
(up to 80%) and displayed the hightsins stereoselectivitytanscis isomer ratio = 10)
in the cyclopropanation of styrene by ethyl diazoacétai®/e have recently starte
studies in this field and, subsequent to our initial reports on the use oL(RRIE);]
(ref2% and [OsCJ(p-cymene)} (ref?l) (p-cymene = 4-isopropyltoluene) as catalys
for olefin cyclopropanation, we turned our attention to [Q{BIRh),] (ref.??). In the
present paper we report on our preliminary results concerning the use gffP®&h]
as a catalyst for the cyclopropanation of various olefins by ethyl diazoacetat®&))Ec
(Table ).

R [OsH,(PPhy)y R~ COEt R H
"= + N,CH-COEt — 3%, bc\ + bc\ (5)
H CO,Et

cis trans

TaBLE |
Cyclopropanation yields and stereoselectivities from reactions of ethyl diazoacetate with

sentative olefins in the presence of [QEPPH),)

Olefin Yield, % Cig/trans or enddexo ratio
Styrene, 60C (24 h) 40 0.40
Styrene, 80C (24 h) 73 0.45
Styrene, 100C (8 h) 91 (94) 0.48 (0.59)
4-Methylstyrene 89 (A1) 0.46 (0.49)
4+-Butylstyrene 86 0.55
4-Methoxystyrene 90 0.54
4-Chlorostyrene 91 (89) 0.41 (0.46)
4-Bromostyrene 82 0.48
a-Methylstyrene 85 0.62
1,3-Diisopropenylbenzene 87 0.76
Divinylbenzene 89 -
1,2-Dihydronaphthalefie 82 0.38
Cyclooctene, 60C (70 h) 21 0.57
Cyclooctene, 100C (12 h) 29 0.21
1-Octen® 19 0.64
1-Decen® 23 0.58
1-Dodecenfe 21 0.50

& The reactions were carried out in air, or under nitrogen (results into brackets) with reagents ¢
in a vacuum, and kept under nitrogBiwith Rh,(OAC),: yield 95-100%endo/exaratio = 0.60 with 1,2-
dihydronaphthalenesis/transratio = 0.70-0.72 with 1-octene, 1-decene and 1-dodecene.
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EXPERIMENTAL

Materials

Ethyl diazoacetate and olefins were purchased from Janssen Chimica and Aldrich and usec
ceived. All olefins were pure reagents, except for divinylbenzene which was purchased as a r
of isomers (technical purity, 80%, Aldrich, 41,456-5). For some experiments, styrene, 4-m
styrene, and 4-chlorostyrene were passed through a short column of alumina, distilled in a v
and kept under nitrogen. [OgfPPh);] was synthesized following réf.

Cyclopropanation Reactions

In a typical experiment, [OsfPPh);] (0.005 mmol) and the olefin (20 mmol) were placed into
round-bottom flask and heated to 180. One ml of a solution of ethyl diazoacetate in the ole
(1 mol IY) was added dropwise over 4 h to the vigorously stirred system. The stirred reaction n
was heated at 1080C for another 4 h and analysed by gas chromatography. The retention tim
the cyclopropane products were determined by comparison with authentic samples. The yielc
based on ethyl diazoacetate, using dibutyl fumarate or diethyl phthalate as internal GC standz

RESULTS AND DISCUSSION

Slow (4 h) addition of a styrene solution of ethyl diazoacetate to a vigourously s
solution of [OsH(PPhy)4] in styrene at 100C resulted in the formation of ethyl 2-pheny
1-cyclopropanecarboxylate in a 91% yield, as determined by GCcist@nsisomer
ratio was 0.48. Other styrene derivatives were also cyclopropanated by ethyl dia:
tate in the presence of [OglPPhy),]. The yields were generally high (80-95% bas
on ethyl diazoacetate). In all examples shown in Table I, the stereoselecti
(cis/transisomer ratios) agreed well with those reported for typical copper-, rhodit
and ruthenium-based catalysts: trensisomer predominated substantially over tie
isomer.

X, %
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Fe. 1
Nitrogen evolution X, %) versus time for »g
decomposition of ethyl diazoacetate by
[OsH,(PPhy)3] in neat styrene at 601,
80 ), and 100 &) °C. Reactions car- 0
ried out in air
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Two features are typical of the cyclopropanation of olefins catalyzed
[OsH,(PPHhy)4]. First, as shown in Figs 1 and 2, the temperature has a dramatic effe
the ethyl diazoacetate decomposition rate. Af®0a fraction of the diazo compoun
remained undecomposed even after one day, as confirmed by IR spectregbpy: (
2 111 cmb). On the other hand, a short induction period was observed for the de
position of ethyl diazoacetate in air (Fig. 3) but not under nitrogen if reagents dis
and kept under nitrogen were used (Figs 3 and 4). Second, activated olefins were
more reactive than non-activated olefins (Table | and Fig. 2). This was clearly de
strated by intermolecular competitions between styrene and cyclooctene. Styrer
45 times more reactive than cyclooctene at°80(18 times at 60C). Such a high
selectivity is unmet with classical copper- and rhodium-based catalysts and shoul
to fine applications in organic synthesis.

Carbene dimers represented the major by-products emerging from these re:
(Eq. 6)). Diethyl maleate mostly prevailed over diethyl fumarate.

[OsH,(PPh.).] COEt
2 N,CH-COEt — %> HC=CH + HC=CH ©)

/ \ /
EtO,C COEt EtO,C

Polystyrenes were also produced to some extent (polystyrene yield, 15M35%
75 000-130 000M,/M,, 1.75-2.0). On the other hand, no metathesis was obse
with styrene(s) or cyclooctene, whereas with norbornene, which is a strained
olefin, no cyclopropanation occurred but instead, polymers were obtained via
opening metathesis (Eq7)f (polymer yield, 55-75%M,, 180 000-350 00QW1,,/M,,
1.75-2.75¢cig/transratio 1.9).
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(m, ) °C. Reactions carried out in air
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. [OsH ,(PPh,),] . M %
ROMP =

We presume that the active intermediate is an osmium carbene species forn
reaction of [OsH(PPh),] with ethyl diazoacetate. Under these conditions, one lig
should probably be released from [Q§PPh);]. However, the’P NMR spectrum of
two reaction mixtures (cyclopropanation of 1-octene and 1-dodecene, Table I
played the same absorptiod 28.8) as the pure [OgHPPh)s] complex (free PPh
absorbed ad —5.1 in CDC}).
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Nitrogen evolution X, %) versus time for 20 [
decomposition of ethyl diazoacetate by
[OsH,(PPhy)3] in neat styrene in airm()
and under nitrogen{), at 100°C
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Nitrogen evolution X, %) versus time for 20
decomposition of ethyl diazoacetate
by [OsH,(PPh)s] in neat styrene[{),
4-methylstyrene &) and 4-chlorostyrene 0
(O), in nitrogen at 100C 0
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In conclusion, [Osk(PPh)] is an efficient catalyst for the selective cyclopropar
tion of activated olefins. More detailed studies are now needed to assess its place
ever-expanding sphere of carbene chemistry.
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