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Abstract

Optically active sodium salt of tetrakis(4,5,6,7-tetrahydro-7,8,8-trimethyl-2H-4,7-methanoindazolyl)borate, [NaB(camp-
hpz)4] (1) was synthesized by the reaction of 4,5,6,7-tetrahydro-7,8,8-trimethyl-2H-4,7-methanoindazole and NaBH4 whereas
sodium salt of hydrotris((−)-3(5)-methyl-1-phenylethylaminomethylpyrazolyl)borate, [NaHB(P1)3] (2) was prepared by the
reaction of (−)-3(5)-methyl-1-phenylethylaminomethylpyrazole with NaBH4. Their uses in various metal-catalysed enan-
tioselective cyclopropanation reactions of styrene and several diazoacetates gave the correspondingtrans- andcis-phenyl-
cyclopropane-1-carboxylates with moderate to reasonably good enantioselectivities. © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction

The asymmetric catalytic cyclopropanation of
olefins with diazoacetates has been intensively studied
for three decades, since Nozaki et al.[1] initiated
it in 1966. They decomposed ethyl diazoacetate and
styrene in the presence of chiral copper complex
as a catalyst to give the productstrans- and cis-2-
phenylcyclopropane-carboxylate both in optically
active form. Fischer[2] also demonstrated that the
carbene derived from ethyl diazoacetate is not free
but is combined with chiral copper complex to form
a carbene–copper complex which is responsible
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for the asymmetric induction. Recently, several chiral
nitrogen-based ligands in combination with copper
and rhodium complexes2 in asymmetric cyclopropa-
nation reaction have been reported. Pyrazole molecules
are well-established ligands and tris(pyrazolyl)-
hydroborate anions [Tp or HB(pz)3

−] have been
demonstrated to be versatile ligands useful for the pre-
paration of complexes of elements from through-
out the periodic table that are important from
inorganic, organometallic, and/or bioinorganic chem-
istry perspectives[8]. Several workers have used
metal complexes of pyrazolylborate as catalysts in cyc-
lopropanation reaction and reported the products with
relatively good yield (80–90%)[9]. Polypyrazolyl
ligands have also been employed to induce a signif-

2 For recent papers on copper catalysts, see[3]. For recent papers
on rhodium catalysts, see[7].
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icant degree of asymmetry in the cyclopropanation
reaction. Tolman and co-workers[3] have reported
a series of hydrotris(pyrazolyl)borate–copper com-
plexes where the pyrazole ring provides the chirality.
Similar results were presented by Brunner et al.
[12]. Bis(pyrazolyl)borate–copper compounds have
also been employed as the precatalyst[3], as well
as related ligands with a phosphorus oxide group
instead of the B–H moiety[10]. The great number
of existing pyrazoles with a wide range of electronic
and steric properties permits the construction of many
unsymmetrical bis(pyrazolyl)borates, chiral tripod bis-
(pyrazolyl)borates[11] and chiral tris(pyrazolyl)bora-
tes with different electronic and steric properties.
The possibility of tailoring the pyrazolylborates, in
addition to the great stability of their complexes,
led us to attempt the synthesis of optically active poly-
(pyrazolyl)borates. In this paper, we describe the syn-
thesis and spectroscopic studies of the hydrotris((−)-3
(5)-methyl-1-phenylethy- laminomethylpyrazolyl)bo-
rate [NaHB(P1)3] and uses of [NaB(camphpz)4] and
[NaHB(P1)3] in copper, rhodium and ruthenium catal-
ysed asymmetric cyclopropanation of styrene and
diazoacetates.

2. Results and discussion

(−)-3(5)-Methyl-1-phenylethylaminomethylpyraz-
ole (P1) and [NaB(camphpz)4] (1) (Fig. 1) were
prepared by the literature method[12,13]. Hy-
drotris(pyrazolyl)borate salt of (P1), [NaHB(P1)3] (2)

Fig. 1.

was obtained as a white solid by heating NaBH4 in
the presence of 3 equiv. of (P1) at 220–240◦C until
3 equiv. of hydrogen gas was evolved (Scheme 1).

Its infrared spectrum exhibits a BH band at
2410 cm−1 and noνN–H band due to free pyrazole.
The solubility of this ligand is not very good in organic
solvents but it is soluble in dichloromethane, ethanol
and methanol. It has optical activity−45.1◦ and can
be stored well as solid.1H-NMR (250 MHz) spectrum
shows pyrazole ring proton signal at 7.36 ppm (s,
3H, pzC(5)–H). These results together with analytical
data suggest the chemical formula C39H49BN9Na for
ligand2.

The IR spectra of dihydrobis(pyrazolyl)borates
show BH2 bands in the range 2200–2500 cm−1 and
those of hydrotris(pyrazolyl)borates show a BH band
around 2500 cm−1 [8]. In contrast, the IR spectrum of
2 shows a BH band at 2410 cm−1, supporting its for-
mulation as a hydrotris derivative, in accordance with
the elemental analysis. The negative ion FAB mass
spectrum exhibits anm/z peak at 655 for the anion
[HB(P1)3]−. As the 1H-NMR spectrum of2 shows
only one singlet at 7.36 ppm for the C(5) proton, we
formulate [NaHB(P1)3] as shown inScheme 1.

In continuation of our efforts to develop new op-
tically active pyrazolylborate ligands for enantiose-
lective catalysis, we have examined the use of the
NaB(camphpz)4/NaHB(P1)3 in cyclopropanation of
styrene and ethyl/menthyl diazoacetates brought about
by copper(I), copper(II), rhodium(I) and ruthenium(II)
in situ catalysts (Scheme 2).

As shown inTable 1, the product of the cyclopropa-
nation is a mixture ofcis/trans isomers[12], with
the cis isomer as the main component. The chemi-
cal yields are in the range 9–69%. The enantiomeric
excess is 10–62% for thecis isomer and 0.5–42%
for the trans isomer. The maximum enantiomeric
excess is 62% for thecis isomer, obtained with a cop-
per(I)triflate/1 catalyst, and 42% for thetrans isomer,
obtained with a copper(II) acetate/1 catalyst. How-
ever, the cocatalysts Cu(OAc)2, CuI, and Cu(CF3SO3)
give very similar results (Table 1, runs 1–3). With
the isolated complex Cu(CO)[B(camphpz)4] as the
catalyst the enantioselectivity is little lower, and with
the in situ catalyst [Rh(cod)Cl]2/1 it is significantly
lower (Table 1, runs 4 and 5).

The reported ee with optically active pyrazolyl-
borate was 85% forcis and 81% fortrans isomer



U.P. Singh et al. / Journal of Molecular Catalysis A: Chemical 185 (2002) 33–39 35

Scheme 1.

Scheme 2.

[3]. Although the observed ee for thecis product
in present paper is 62% lower than the literature
value, it is a promising indication of useful appli-
cations of 1 and other synthesized pyrazolylborate

Table 1
Enantioselective cyclopropanation of styrene (8.7 mmol) with ethyl diazoacetate (10.0 mmol) using in situ catalysts CuI , CuII and RhI /1;
metal salt (0.05 mmol), ligand1 (0.05 mmol); solvent CH2Cl2; reaction temperature 55◦C except for fourth run (25◦C)

Run Metal compound Yield (%) cis/trans ee for cis isomer (%) ee fortrans isomer (%)

1 Cu(OAc)2/1 69 76/24 58 (1R,2S) 42 (1R,2R)
2 CuI/1 48 68/32 54 (1R,2S) 36 (1R,2R)
3 Cu(CF3SO3)/1 53 76/24 62 (1R,2S) 40 (1R,2R)
4 Cu(CO)[B(camphpz)4] 40 60/40 46 (1R,2S) 28 (1R,2R)
5 [Rh(cod)Cl]2/1 9 44/56 10 (1R,2S) 0.5 (1R,2R)

ligands towards asymmetric synthesis. In general, it
is reported that diazoacetate with bulky ester groups
can improve enantiomeric excess. We, therefore, per-
formed the reaction with ethyl/menthyl diazoacetates
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Table 2
Enantioselective cyclopropanation of styrene (5.0 mmol) with ethyl/menthyl diazoacetate (1.0 mmol) using in situ catalyst
copper(I)triflate–benzene/1; copper(I)triflate–benzene complex (0.025 mmol); ligand1 (0.060 mmol); solvent 1,2-ClCH2CH2Cl; reaction
temperature 45◦C

Run Diazo compound Yield (%) cis/trans ee for cis isomer (%) ee fortrans isomer (%)

1 Ethyl 88 50/50 39 (1R,2S) 39 (1R,2R)
2 l-Menthyl 64 01/99 19 (1R,2S) 23 (1R,2R)
3 d-Menthyl 53 04/96 24 (1R,2S) 0

Table 3
Enantioselective cyclopropanation of styrene (5.0 mmol) with ethyl/menthyl diazoacetate (1.0 mmol) using in situ catalyst
copper(I)triflate–benzene/2; copper(I)triflate–benzene complex (0.025 mmol); ligand2 (0.060 mmol); reaction temperature 45◦C except for
first run (25–27◦C)

Run Diazo compound Yield (%) cis/trans ee for cis isomer (%) ee fortrans isomer (%)

1 Ethyla 23 58/42 32 (1R,2S) 4 (1S,2S)
2 Ethylb 59 42/58 22 (1R,2S) 16 (1R,2R)
3 l-Menthyl 91 3/97 0 12 (1R,2R)
4 d-Menthyl 66 0.5/99.5 n.d.c 5 (1R,2R)

a Ethyl diazoacetate as a solution in CH2Cl2.
b Ethyl diazoacetate as a solution in 1,2-ClCH2CH2Cl.
c No detection in NMR of anycis-compound, in GCcis can be seen as very small peaks, probably a racemic mixture, but even after

several attempts no detection by integrator was possible.

using copper(I)triflate–benzene/1 or 2 catalyst. In
comparison to the results reported inTable 1, the
cis-selectivity is lower with only 50:50 (Table 2, run
1) and are obtained higher diastereoselectivity and
highest ee (39% for bothcis andtrans) of all runs with
copper(I)triflate–benzene/1 catalyst. With menthyl
diazoacetates, thecis/trans ratio changes extremely
to trans (99% trans for l-menthyl and 96%trans for
d-menthyl) but ee decreases (19% ee forcis and 23%
ee for trans in the case ofl-menthyl, 24% ee forcis
and 0% ee fortrans in case ofd-menthyl) (Table 2,
runs 2 and 3), which is in accordance with the previ-
ously observed results reported by other workers that
diazoacetate with bulky ester groups afford a high
trans selectivity with any catalytic systems[14].

Our interest then turned to the other optically active
hydrotris(pyrazolyl)borate ligand and we performed
the cyclopropanation reaction with ethyl diazoacetate
and styrene in dichloromethane in the presence of
copper(I)triflate–benzene/2 catalyst. The enantiomeric
excess of thecis isomer was 32% ee with 58% yield
(Table 3, run 1). The same reaction was performed at
45◦C in 1,2-dichloroethane solvent and the products
obtained were 42%cis and 58%trans isomers with
lower enantiomeric excess ofcis isomer than previous

case (Table 3, run 2). The reaction of the menthyl dia-
zoacetate proceeded smoothly at 45◦C and gavetrans
isomer as the sole product in 97% withl-menthyl dia-
zoacetate and 99.5% withd-menthyl diazoacetate but
the enantiomeric excesses decrease (Table 3, runs 3
and 4). Run 1 (ethyl diazoacetate compound at room
temperature) exhibits a high selectivity in both criteria,
diastereoselectivity and enantioselectivity, but yield
is only 23%. With dichloroethane at 45◦C (Table 3,
run 2) the yield is much better, but diastereoselec-
tivity for the cis-compound decreases. Of certain in-
terest is here the fact that compared to run 1 the ee
of the cis-compound decreases while the ee of the
trans-compound not only switches from (1S,2S) to
(1R,2R) in run 2 but also increases. Cyclopropanation
was also tried with ruthenium/1 system but the results
were not encouraging (Table 4). Several other copper
complexes with bis(oxazoline) ligand have been used
in asymmetric cyclopropanation reaction of olefins by
various workers with better yield and enantiomeric ex-
cess than present results.3 Nishiyama and co-workers
[5] have reported the maximum enantiomeric excess
of 99% for cis isomer, whereas Evans et al.[6] have

3 For recent papers on copper bis(oxazoline) catalyst, see[4].
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Table 4
Enantioselective cyclopropanation of styrene (5.0 mmol) with
ethyl diazoacetate (EDA) (1.0 mmol) using in situ catalysts
RuCl2(p-cymene)/1; RuCl2(p-cymene)/2 (0.025 mmol, 5 mol% Ru
to EDA), ligand 1 (0.06 mmol); EDA solution (3.0 ml); solvent
CH2Cl2

Run Temperature
(◦C)

Yield (%) cis/trans ee for
racemic (%)

1 <40 0 0 0
2 50 18 73/27 0
3 70 20 70/30 0

reported the maximum enantiomeric excess of 99%
for trans isomer.

The exact mechanism of cyclopropanation in the
present case is not known. Based on the mechanism
reported for asymmetric cyclopropanation in litera-
tures, it may be proposed that the metal pyrazolylb-
orate complex reacts with diazoacetate compound
and form the metal stabilized carbene with the extru-
sion of nitrogen. The metal stabilized carbene then
reacts with styrene and generates the catalytically
active species in the reaction. As shown in various
tables, several metal salts have been tested for in situ
catalysis but copper appears one of the most efficient
catalyst in the present study. Among various copper
salts used, copper(I)triflate is very effective as re-
ported in literature. This is due to a simple reason
that the triflate like perchlorate is an extremely weak
coordinating anion and metal salt of copper(I) is ex-
tremely ionized even in non-aqueous solution. Thus,
the electrophillic metal ion is capable of multiple co-
ordination which makes the cyclopropanation process
extremely facile.

In conclusion, we have demonstrated the use of
optically active tetrakis and hydrotris pyrazolylbo-
rate in asymmetric cyclopropanation reaction. The
highest ee obtained was 62% forcis isomer and
42% for trans isomer. With the use of menthyl di-
azoacetate drastic changes were observed fromcis
to trans and enantiomeric excesses decrease. Al-
though the stereoselectivity induced by optically
active pyrazolylborate and copper catalyst in the
present work is not very high and results are not
encouraging as with copper bis(oxazoline) catalyst
but offering future opportunity for synthesizing more
effective pyrazole based chiral ligand for asymmetric
catalysis.

3. Experimental

All solvents and reagents are commercially avai-
lable and were used without further purification. Ele-
mental analysis were performed microanalytically
at a Perkin-Elmer model 240 C elemental analyser.
IR spectra were registered on a Perkin-Elmer model
1600 FT-IR spectrometer and optical rotation were
measured on a Perkin-Elmer Polarimeter 241.1H-
NMR spectra were recorded on a Brucker WM 250
(250 MHz) NMR spectrometer and mass spectra were
recorded on Finnigan Mat 311A instruments. Sodium
salt of tetrakis(4,5,6,7-tetrahydro-7,8,8-trimethyl-2H-
4,7-methanoindazolyl)borate was synthesized by
literature method[12]. (−)-3(5)-Methyl-1-phenyl-
ethylaminomethylpyrazole (P1) was also synthesized
by the method described earlier[13].

3.1. Synthesis of hydrotris((−)-3(5)-methyl-1-
phenylethylaminomethylpyrazolyl)borate
[NaHB(P1)3] (2)

The 7.132 g (33.0 mmol) of P1 and 0.418 g NaBH4
(11.0 mmol) were gradually heated at 210–230◦C
with monitoring of H2 evolution. Heating was contin-
ued at that temperature till 3 equiv. of hydrogen gas
was evolved. The mixture was then allowed to cool
to room temperature. The solid mass was washed
two times with 80 ml hot petroleum ether and dried
in vacuum. Yield: 16%, [α]25

d = −45.1◦ (c 1.00,
ethanol). Mass spectrum (PI-FAB:glycerin/MeOH,
m/e); 655, anion of [NaHB(P1)3]. IR (KBr, cm−1),
3056, 3024(w) (ν(=C–H)); 2960, 2945 (ν(–C–H));
2410 (νB–H); 1615, 1510, 1460 (νC=N, C=C).
1H-NMR (250 MHz, CDCl3/TMS), δ (ppm): 7.36
(s, 3H, pzC(5)–H), 7.30–6.90 (m, 5H, C6H5),
6.20–5.95 (m, 3H, pzC(4)–CH), 3.80–3.18 (m,
9H, CH–CH3 + pzC(3)–CH2), 2.16–1.70 (m, 9H,
N-CH3), 1.40–0.97 (m, 9H, CH–CH3). C39H49BN9Na
(677.68): calculated: C 69.12%, H 7.29%, N 18.60%;
found: C 67.98%, H 7.42%, N 18.42%.

3.2. Cyclopropanation procedure

The solution of copper(I)triflate–benzene complex
(0.025 mmol), styrene (5.0 mmol) and [NaB(cam-
phpz)4]/[NaHB(P1)3] (0.060 mmol) in the used sol-
vent (3.0 ml) was stirred for 1–2 h at 45◦C under
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an argon atmosphere. Then the diazo compound
(1.0 mmol) in dichloromethane/1,2-dichloroethane
(3.0 ml) was added at the specified reaction tempera-
ture through a microsyringe controlled by a feeder (ca.
0.4 ml/h) for 7 h. After stirring for an additional 10 h
at the reaction temperature (25 or 45◦C), the mixture
was concentrated under reduced pressure. The resid-
ual oil was subjected to silica gel column chromatog-
raphy, at first with hexane to remove the excess of
styrene, then with hexane–ethyl acetate (10:1) as the
eluent to give, after evaporation, an oily mixture of
the cis- and trans-2-phenylcyclopropane-carboxylate
esters. The yield is determined by weight of the
above described cyclopropane oil residue. The
cis/trans ratio is obtained by NMR (CDCl3/TMS,
270 MHz): cis, 3.87 ppm (CH2O, q), trans, 4.17 ppm
(CH2, q).

3.3. Optical yield

The ethyl and menthyl cyclopropane esters were
converted to the corresponding methyl ester by the
following procedure: 30–40 mg of the cyclopropane
ester mixture was refluxed for 2 h (ethyl ester) or 6 h
(menthyl ester) in a mixture of 2 ml ethanol and 1 ml
1 N NaOH. After evaporation of the ethanol, the solu-
tion is acidified with 10% HCl to a pH of about 1. The
obtained cyclopropane acid is extracted with 3× 5 ml
of CH2Cl2, then dried over MgSO4 and Na2SO4. The
solvent is evaporated and the acid is treated with a
solution of CH2N2 in ether to give the correspond-
ing methyl cyclopropane ester. The optical yield is
determined by gas chromatography using a chiral
B-DX 30m (Astec chiraldex 30m) column on a Shi-
mazu Capillary Gas Chromatograph 14A at column
temperature 110◦C, injection temperature 130◦C and
detection temperature 130◦C. The retention times
were: cis (1R,2S), 54.5 min; cis (1S,2R), 56.1 min;
trans (1S,2S), 65.9 min;trans (1R,2R), 67.1 min (con-
figurations are all relative to the ethyl ester).
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