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Summary: The copper(l) complex Tp'Cu(CaJ (1; Tp' 
= hydrotris(3,5-dimethyl- 1 -pyrazolyl) borate) catalyzes 
reactions of ethyl diazoacetate with alkenes or alkynes 
to form cyclopropanes or cyclopropenes, respectively. 
Yields are moderate to high, and the reactions are 
performed under mild conditions. Complex 1 also cat- 
alyzes nitrene transfer from PhI=NTs to alkenes to 
produce aziridines in high yield. 

Metal-catalyzed carbene transfer reactions provide a 
useful route to cyclopropanes1-2 and cycl~propenes.~~~ 
During the past decade several groups have reported 
systems capable of such transformations. Palladium-, 
rhodium-, and copper-based systems are reported to be 
the most efficient,' with regard to both yields and diastereo- 
and enantioselectivity. Thus, chiral rhodium carboxam- 
ides have been employed in asymmetric olefin 
cycl~propanation~a~~ and alkyne cyclopr~penation~~ reac- 
tions; chiral rhodium porphyrin complexes are also ef- 
fective catalysta for similar tran~formations.5.~ Copper(1) 
reagents are now being studied as catalysts in combinations 
with chiral organic ligands such as salicylaldehyde de- 
rivatives,' oxazolines,s semicorrins? and polypyrazoles.1° 
Asymmetric cyclopropanation has been achieved in mod- 
erate to high yields with these catalysts. The use of 
traditional copper species as catalyst precursors for 
cyclopropenation requires high temperatures (90-140 "C) 
while yields are moderate to 

In contrast, development of related synthetic routes to 
aziridines by metal-to-olefin nitrene transfer has received 
little attention. Benzenesulfonyl azide decomposes in the 
presence of Cu(0) and cyclohexene to form an aziridine 
product in very low yield." Iron porphyrins catalyze the 
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N-tosylaziridination of alkenes in moderate yields.12 Cu- 
(I) and Cu(I1) species are known to catalyze olefin 
aziridination with PhI=NTs as the nitrene 8O~rCe.~~ Very 
recently, a Cu(I)-oxazoline system has been reported which 
promotes almost quantitative asymmetric aziridination 
of styrene.8a We now wish to present results which show 
that Tp'Cu(C2H4) (1; Tp' = hydrotris(3,5-dimethyl-l- 

H 

Ci' 

1 

pyrazoly1)borate) l4 is a highly efficient catalyst, under mild 
conditions, for carbene transfer from ethyl diazoacetate 
to alkenes and alkynes to form cyclopropanes and cyclo- 
propenes. Furthermore, complex 1 also catalyzes, again 
under mild conditions, nitrene transfer from PhI=NTs 
to alkenes to produce aziridines. 

In a typical experiment,15 styrene was converted into 
ethyl 2-phenyl-1-cyclopropanecarboxylate by using ethyl 
diazoacetate (EDA) as the carbene source and a catalytic 
amount of Tp'Cu(CzH4) (1 mol 7% based on EDA), as 
depicted in eq 1. Diethyl fumarate and maleate (5:l ratio) 

Ph 
2a 

were obtained as byproducts resulting from carbene 
dimerization. Formation of these diesters can be dimin- 
ished by increasing the o1efin:EDA ratio and by performing 
particularly slow addition of EDA. Table I shows the 
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Table 111. Alkene Aziridination Catalyzed by Tp'Cu(C2)4)' 
fl\ 

Table I. Alkene Cyclopropanation Catalyzed by 
Tp'Cu(C2H4)' (1) 

styrene 3 2a 94 (75) 57:43 
olefin olefin/EDA cyclopropaneb yield' (96) syn:antid 

cis-cyclooctene 3 f b  96(78) 1:99 
1 -hexene 3 2c 76(63) 5050 
trans-stilbene 3-5 0 

1 mol %of catalyst used, relative to EDA. Reactions were performed 
at 25 O C . ' 5  Products were characterized by NMR spectroscopy; data 
wereidentical with those reportedin thc1iterat~re.l~ Determined by IH 
NMR analyses at the end of the reactions. Yields in parentheses are 
isolated yields after chromatographic purification. Obtained by 'H NMR 
integration of methylene ester resonances. 

Table 11. Alkyne Cyclopropenrtion Catalyzed by 
TP'CU(C2H4)' (1) 

l-hexyne 3a 47 (33) 
alkyneb cyclopropeneC yieldd (56) 

3-hexyne 3b 41 (30) 
1 -phenyl- 1 -propyne 3c 64 (51) 

a 1 mol %of catalyst used, relative to EDA. Reactions were performed 
at 25 O C i S  Alkynes were distilled before use. A 5-fold excess relative 
to EDA was used. Products were characterized by NMR spectroscopy; 
data were identical with those reported in the literature.'* Determined 
by 'H NMR analyses at the end of the reactions. Yields in parentheses 
are isolated yields after chromatographic purification. 

results obtained with several olefins. Styrene and cy- 
clooctene display similar reactivities, with yields higher 
than 90% when only a 3-fold excess of olefin is employed. 
Under identical conditions, l-hexene gives ethyl 2-n- 
butylcyclopropanecarboxylate (2c) in 76 76 yield. The ratio 
of diastereomers formed was found to be close to 1:l except 
for cyclooctene, which preferentially affords the anti 
isomer. Low-temperature 'H NMR experiments have 
shown that these reactions do not take place below 0 OC. 
Above 0 OC, transformation of reagents into products is 
relatively fast. When styrene is used as the alkene, Tp'Cu- 
(CH2CHPh),16 a simple styrene adduct, has been iden- 
tified as the catalyst resting state. It is the copper species 
observed during and after the reaction. trans-Stilbene 
does not react under transfer conditions; diethyl fumarate 
and maleate are obtained as the sole products. A sterically 
hindered approach of the trans-disubstituted alkene to 
the presumed copper carbene complex intermediate may 
account for the lack of reactivity. 

In a similar fashion, alkynes react at room temperature 
with EDA in the presence of catalytic amounts of Tp'Cu- 
(C2H.J (eq 2) to afford the corresponding cyclopropenes 
in moderate yields (Table 11). To date, several copper 

3 

a: R' = H, R~ = "BU 

= Ph 
b: R' I Et, R2 = Et 
c: R' = Me, 

systems have been reported to catalyze these transfor- 
mation~.'.~ However, high temperatures are usually re- 

yieldc (%) olefin aziridineb 
styrene 4. 90 

1 -hexene 4c 40 
cis-cyclooctene 4b 75 

a 5 mol % of catalyst used, relative to PhI=NTs. A 10-fold e x a s  
of the olefin was employed. Reactions were performed at 25 OC.20  
b Products were characterized by NMR spectroscopy; data were identical 
with thosereported in theliterature.'* Isolated yieldsaftercrystallization. 

quired (9U-140 "C), and yields vary significantly in the 
case of disubstituted (30-7576) and terminal (<20%) 
alkynes. Preliminary results suggest that our system 
substantially improves Conditions and yields. Both in- 
ternal and terminal alkynes are converted into cyclopro- 
penes at  room temperature in moderate yields. l-Hexyne 
was converted to cyclopropene 3a in 47 % yield. The same 
degree of conversion is observed when 3-hexyne or 
l-phenyl-l-propyne is the alkyne (Table 11). The observed 
efficiency of Tp'Cu(C2H4) is better than that of other 
copper species and nearly comparable to that reported for 
Rhz(OAc)r,' a well-known catalyst for such transforma- 
tions. 

The catalytic capabilities of Tp'Cu(CzH4) are not 
restricted to carbene transfer processes. Alkenes and (@- 
tolylsulfonyl)imino)phenyliodinane, P~I=NTs,~Q produce 
aziridines (eq 3) in high yields (Table 111) when 1 is present 

Ts 

4 

4.: R' = H. R2 I Ph 
b: R' = R2 = -(CHz)g 
C: R' = H, I? = "Bu 

in the reaction mixture.20 These reactions require anhy- 
drous conditions; otherwise, TsNHz is formed and aziridine 
yields are dimininhed . Styrene quantitatively gives 2-phen- 
yl-l-hylaziridine (4a), while cyclooctene and l-hexene 
form the corresponding aziridines 4b and 4c in lower yields. 

In summary, Tp'Cu(C2H4) is an efficient Cu(1) catalyst 
which functions under mild conditions to transfer HCC02- 
Et to alkenes and alkynes and NSO~CBH~CH~ to alkenes 
to form cyclopropanes, cyclopropenes, and aziridines. 
Mechanistic studies of this structurally well-defined Cu- 
(I) system are in progress. 
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