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Abstract

Novel chiral P,N,N-type ligand€lf derived from R)-(S)-PPFNH-R (6) and 2-pyridinecarboxaldehydes were employed in Ru(ll)-catalyzed
asymmetric cyclopropanation of styrene with ethyl diazoacetate. Up to 99% yield with 95% eis:ifmmer and 90% e.e. forans-isomer
was obtained on Ru(l¥&.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction however, only 7% e.e. was obtained when ethyl diazoac-
etate was use[®b]. Ligand2 was also tried in the catalytic
Catalytic asymmetric cyclopropanation of olefins with asymmetric cyclopropanation of styrene with ethyl dia-
diazoacetates is an important method for the production zoacetate, and 93% e.e. fsans-isomer was obtained on
of chiral cyclopropane compound4,2]. Different meth- Co-symmetrical copper(l)-PNNP complex@®].
ods have been developed for the asymmetric synthesis of Since Hayashi et al.’s pioneer wofkl], we have devel-
cyclopropanes. The metal-catalyzed decomposition of di- oped various ferrocenephosphine-imine (P,N type) ligaénhds
azoacetate derivatives in the presence of alkenes is oneyhich were successfully employed in allylic alkylatifi®].
of the most efficient procedures. The transition metal cat- Herein, we report the synthesis of new ferrocenephosphine-
alysts containing copper, cobalt, rhodium, and palladium jmine (P,N,N type) ligandg from (R)-(S-PPFNH-R (6)
have been proved to be the most efficient in terms of both and 2-pyridinecarboxaldehydes and their application in
activity and chemoselectivity or stereoselectivify—8]. Ru(ll)-catalyzed asymmetric cyclopropanation of styrene
Recently, ruthenium based catalysts have been developedvith ethyl diazoacetate. Compared with ligahdthe new
for the asymmetric cyclopropanation, excellent catalytic ligand has both central and planar chirality and thus, would
activity and stereoselectivity for the cyclopropanation were exhibit different behavior in the catalytic reactions. As ex-
obtained[9]. Ligands containing N and N, O-donor atom pected, hightrans.cis selectivity (up to 81:19) and high
are employed in the asymmetric cyclopropanation with high enantioselectivity (up to 95% faiis-isomer) were obtained
enantioselectivity, however, few ligands with P-donor atom on 4a with ethyl diazoacetate. As far as we know, this is the
are reported to be active for the cyclopropanation reactionsmost efficient catalytic system ever reported for the asym-

[9a,b} More recently, Mezzetti described a cationic ruthe- metric cyclopropanation of styrene with ethyl diazoacetate
nium system of PNNP type, this PNNP—chelate ruthenium ysing ligands containing P-donor atofid. 1).

complex exhibits higher activity and enantioselectivity than
its analogue$9e]. Ligand 1 reported by Ahn and cowork-
ers was used in asymmetric cyclopropanation of styrene, 2, Experiment

— _ 2.1. General methods
* Corresponding author. Tel+86-411-4663087;

fax: +86-411-4684746. . .
E-mail address: zhengz@dicp.ac.cn (Z. Zheng). All experiments were carried out under argon atmosphere

1 Co-corresponding author. using Schlenk and syringe techniques. All solvents were
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Fig. 1. Chemical structures of ligands4.

dried and purified according to standard methods. Optical 3H), 1.81-1.88 (m, 1H), 2.22-2.28 (m, 1H), 3.69 (s, 1H),

rotations were measured on a HORIBA SEPA-200 high
sensitive polarimete'H NMR spectra were recorded on
Bruker DRX-400 NMR spectrometer with TMS as an inter-
nal standard3'P NMR spectra were referenced to external
85% HzPOy. The yields and e.e. values were determined
by GC analysis with a chiral capillary column (cyclodpx-
2,3,6-methylated, 30 m 0.25mm (i.d.)). Configurations of

4.04 (s, 5H), 4.39-4.45 (m, 2H), 4.65 (s, 1H), 6.77-8.04 (m,
14H), 8.41 (m, 1H):*1P NMR § —19.8. Anal. Calcd. for
CaiH2gFeNoP. C, 72.09; H, 5.62; N, 5.43. Found: C, 72.22;
H, 5.77; N, 5.53.

2.2.4. (R)-N-(Pyridin-2-methylene)-1-[ (S)-2-
(diphenyl phosphino)ferrocenyl ] phenyl methylamine (4d)

phenylcyclopropanecarboxylate were determined by GC, the  Brown solid; 47% yield; mp 187-18%; [a]%5 —306 (c
GC elution order of the enantiomers was compared with an 0.67, CHC}); 1H NMR (DMSO-¢f) § 3.81 (s, 1H), 3.83 (s,

authentic sample prepared according to the litergifrg].
The starting materials PPFA-B and PPFNH-R 6 were
prepared according to literature procedurEs).

2.2. General procedure for the synthesis of ligands 4a—d

A mixture of 2-pyridinecarboxaldehyde (118 mg,
1.1 mmol), R)-(9-PPFNH-Me (413mg, 1.0 mmol), and
MgSO, (500 mg) in absolute ethanol was stirred at reflux-
ing temperature for 2 h. The solid was removed by filtration

5H), 4.28 (s, 1H), 4.39 (s, 1H), 5.87-5.88 (m, 1H), 6.94-7.62
(m, 19H), 8.42 (d,J = 4.4Hz, 1H);3P NMR § —19.9.
Anal. Calcd for GsHaoFeNoP. C, 74.47; H, 5.18; N, 4.96.
Found: C, 74.62; H, 5.27; N, 4.68.

2.3. General procedure for asymmetric intermolecular
cyclopropanation

In 25ml Schlenk tube, Ru(PBRCI> (19.1 mg, 0.020
mmol) was mixed with ligandia (10.5 mg, 0.021 mmol) in

and the resulting orange solution was evaporated to dry-2.0 ml of CH:Cl, under argon atmosphere. The solution was
ness. The residue was recrystallized from hexane to affordrefluxed for 2 h, and then concentrated in vacuo. The residue

500 mg of4a (yield 92%). Ligands4b—d were prepared
using the same method.

2.2.1. (R)-N-(Pyridin-2-methylene)-1-[ (9)-2-
(diphenylphosphino)ferrocenyl] ethylamine (4a)

Orange crystals; mp 185-18C. [«]3, —378(¢ 0.15,
CHCl); 'H NMR (DMSO-f) § 1.67 (d,J = 6.4Hz,
3H), 3.75 (s, 1H), 4.07 (s, 5H), 4.32 (s, 1H), 4.64 (s, 1H),
4.94-4.95 (m, 1H), 6.72—8.12 (m, 14H), 8.41(d= 4.4 Hz,
1H); 3P NMR § —24.1. Anal. Calcd. for gogHo7FeNoP. C,
71.71; H, 5.38; N, 5.58. Found: C, 71.52; H, 5.36; N, 5.61.

2.2.2. (R)-N-(6-Methylpyridin-2-methylene)-1-[ (9)-2-
(diphenyl phosphino)ferrocenyl] ethylamine (4b)

Brown crystals; 90% yield; mp 162-168. [«]2’ —336(
0.12, CHCb); *H NMR (DMSO-¢f) 5 1.57 (d,J = 6.0 Hz,
3H), 2.38 (s, 3H), 3.72 (s, 1H), 4.04 (s, 5H), 4.41 (s, 1H),
4.66 (s, 1H), 4.84-4.85 (m, 1H), 6.82-7.49 (m, 13H), 8.00
(s, 1H);31P NMR § —25.5. Anal. Calcd. for giHogFeNoP.
C,72.09;H,5.62; N, 5.43. Found: C, 72.18; H, 5.57; N,5.68.

2.2.3. (R)-N-(Pyridin-2-methylene)-1-[ (9-2-
(diphenyl phosphino)ferrocenyl] propylamine (4c)

Orange solid; 51% yield; mp 177-178; [«]3> —390
0.60, CHC}); 'H NMR (DMSO-¢f) § 0.85 (t,J = 7.0 Hz,

was washed with EO (3 x 1.0 ml) and vacuum dried. The
solid was dissolved in 2.0 ml of CIGKH,CI, followed by
addition of 2.0 ml styrene. The mixture was stirred for 0.5h
at 60°C, and then a solution of ethyl diazoacetate (114 mg,
1.00mmol) in 6.0ml of CICHCH,CI was added through

a syringe pump over a period of 6 h. The resulting mixture
was stirred for another 2 h. The catalyst-free sample was an-
alyzed as described in the footnotesTable 1

3. Results and discussion
3.1. Yynthesis of ferrocenyl P,N,N ligands

The synthesis of the chiral P,N,N-ligartlis shown in
Scheme 1The initial step involved ferrocenylphosphine-
amines5 with Ac,O at 100°C followed by the treatment
with a large excess of ammonia in methanol in an autoclave
at 80°C. The dimethylamino group o was substituted
by a primary amino group to form the key intermediate,
(R)-(9-PPFNH-R (6) [11]. Nucleophilic substitution on
the ferrocenylmethyl position was demonstrated to occur
with retention of configuration of the stereogenic carbon
center[13]. The target ligandg were prepared with high
yields by Schiff base condensation d){(S-PPFNH-R
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Table 1
Catalytic asymmetric cyclopropanation of styrene with ethyl diazoaéetate
Ph
[Ru(PPh3);Cl,] / 4a COOEt
/= + N,CHCOOE Ph/D/COOEt +
Ph CICH,CH,Cl, 1t, 6hr
up to 90% ee up to 95% ee

S,

{—pph,

Fe
(R)-(S)-4a
Entry Ligand Yield (% cisttrans® % e.e. ¢is)° % e.e. frans)®
1 4a 93 25:75 85 (82R) 83 (1S29
2 4 90 20:80 64 (82R) 50 (15,29
3 4c 52 20:80 50 (82R) 45 (1529
4 ad 32 20:80 3 (R29 10 (IR2R)
54 4a 81 4:96 50 (B.2R) 61 (1529
6° da 86 3:97 90 (R29 62 (IR2R)
7t 4a 80 5:95 60 (B2R) 66 (1529

2 Reaction conditions: 1.0 mmol of ethyl diazoacetate, 2.0 ml of styrene, 2.0 mol% catalyst generated in situ (based on the diazoacetate), 3.0 ml of
1,2-dichloroethane, room temperature.

b Determined by GC with diethyl adipate as an internal standard.

¢ The e.e. of the cyclopropanation products and the ratitrafs- and cis-isomers were determined by a chiral capillary GC column (cycldtlex-
2,3,6-methylated, 30 m 0.25 mm (i.d.)), and the configuration of the four isomers were determined by comparing the GC elution order with the authentic
samples prepared according to the known the literature.

d 1 -Menthyl diazoacetate was used as substrate.

€ p-Menthyl diazoacetate was used as substrate.

f t-Butyl diazoacetate was used as substrate.

(6) and 2-pyridine carboxaldehyde in ethanol in the pres- (R)-(S-PPFNR-Et and R)-(S-PPFNH-Ph as the chiral
ence of anhydrous MgSQOas dehydrating agent. Orange building block in a similar way, respectivelys¢heme 1
crystals of4a were obtained in 92% vyield. TheH NMR
spectra of ligandda are consistent with the title molecule 3.2. Catalytic asymmetric cyclopropanaiton of styrene
structure, and thé'P NMR spectrum shows the expected using PN,N ligand—-Ru(l1) complexes
signal § = —24.1ppm). Ligand4b was obtained as a
brown crystal (90% yield) by treating PPFNHle with The catalytic properties of the above ligands were inves-
6-methyl-2-pyridinecarboxaldehyde. The resonance of tigated in Ru(ll)-catalyzed asymmetric cyclopropanation of
—CHjs protons connected with pyridine ring was observed styrene with ethyl diazoacetate. The catalyst was generated
at 2.38 ppm intH NMR spectrum of4b, which evidenced in situ by mixing the ligand and [Ru(PBCI,] together
the difference betweesia and4b. The 3P NMR spectrum  in CH,Cl,. The results of cyclopropanation were listed in
presented a singlet at25.5 ppm, which could be assigned Table 1 Both4a and4b gave the major cyclopropane prod-
to the phosphino group. ucts with (1S2R) configuration. Ligandia exhibited higher

To examine the substituent effects on the asymmetric cy- catalytic activity and enantioselectivity than ligado. The
clopropanation, liganddc and4d were also prepared with  4b—Ru complex has more sterically hindered structure, thus

R R
R
NMe, NH, A N/ }\I /
ACzO ‘ 7
PPy 100°c, 2 hrs PPh, OHC 'N" R {=—pph, R
Fe . Fe hanol, reflux, 2 h F
NH3 / MCOH ethanol, reflux, s [+
= 80°C T hrs =T =
(R)-(S)-PPFA-R, 5 (R)-(S)-PPFNH,R, 6 4a: R=Me, R'=H
4b: R=Me, R'=Me¢
4c: R=Et, R'=H
4d: R=Ph, R'=H

Scheme 1.



20 H. Dai et al./Journal of Molecular Catalysis A: Chemical 211 (2004) 17-21

perhaps cause poor chiral induction. Surprisingly, replac- Table 2
ing of the aminoethyl group ofa with aminopropyl group The influence of solvent on the asymmetric cyclopropanation of styrene
(4c) and aminobenzyl groupd() led to dramatic decreas- it efhy! diazoacetate usingg as ligand

ing of activity and enantioselectivity. Fifty percent e.e. for Entry Solvent Yieijld cistrans® % ee. % e.e.
. . . . . i c\C, c.e
cisisomer and 45% e.e. forans-isomer with 52% yield was (%) (cs) (trans)
obtained usingc as ligand (entry 3Table 1), while only 3% 1 Ethanol 8 20:80 1 2
e.e. forcisisomer and 10% e.e. fdrans-isomer with 320 2 2:Propanol 10 20:80 5 8
ield were obtained usingd as ligand (entry 4Table J 3 Hexane 52 16:84 31 24
yield we gand (entry 4, - 4 Benzene 50  20:80 35 28
Interestingly, the product formed on ligadd showed the 5 Toluene 58 25:75 29 22
reverse configuration. 6 THF 92 14:86 70 68
In most cases of cyclopropanation with diazoacetates, 7 MTBE 90 18:82 75 72
transicis selectivity and stereoselectivity are strongly re- 8~ Dichloromethane =92 20:80 81 80
| d he bulki d th h f th . 9 1,2-Dichloroethane 93 25:75 83 83
ated to the bulkiness and the shapes of the ester moiety;5 15 pichioroethane 91 20-80 80 78

of the diazoacetates, in general, bulky ester groups (such
as t_bUtyI {.jmd t-m?nthyl) favor hlgh'trans.us.selectlwty styrene, 2.0mol% catalyst, generated in situ (based on the diazoacetate),
and ena_lnt|oselect|V|t)[14]. To examine th_e influence o_f_ 3.0ml of solvent, room temperature.

the bulkiness of the ester group on the diastereoselectivity b petermined by GC with diethyl adipate as a internal standard.

and enantioselectivity, the asymmetric cyclopropanation of © The e.e. of the cyclopropanation product and the ratitrais- and
styrene with bulkier ester¢menthyl,p-menthyl and-butyl cis-isomers were determined by a c_hiral capillary GC ct_)lumn_ (cyclgglex-
diazoacetate) on Iiganda was investigated. The great in- 2,3,6-methylated, 30 nx 0.25mm (i.d.)), and the configurations of the

. s four isomers were determined by comparing the GC elution order with
crease of diastereoselectivities was observed (from 97/3 t0y,q aythentic samples prepared according to the literature.

a Reaction conditions: 1.0mmol of ethyl diazoacetate, 2.0ml of

95/5 of trans.cis ratio, respectively, entries 5-Table J), d (1S2R) as the major enantiomer.
p-menthyl showed expected higher enantioselectivities and fe (1529 as the major enantiomer.
higher trans.cis ratio, however,L.-menthyl andt-butyl di- The reaction was performed in air.

azoacetate only gave moderate e.e. (entrydhle J), the
unexpected decreasing of e.e. value may be due to the€lectivty increased. The highest activity and enantioselec-
mismatching of the stereotopic situatifi5]. tivity were obtained when the reaction was carried out at

To optimize the reaction condition, solvent and tem- 60°C (99% yield with 95% e.e. afis-isomer and 90% e.e.
perature effect on cyclopropanation of styrene with ethyl of trans-isomer, entry 7;Table 3. Further, increasing the
diazoacetate were examined using Ru@§-complex. In reaction temperature above 80 led to decreasing of the
protonic solvents such as ethanol and 2-propanol, the majoraCtiViW and enantioselectivity. These results show that the
products are diethyl maleate and diethyl fumarate accompa-reaction temperature plays an important role on the catalytic
nied by a small amount of the cyclopropanes with poor e.e. property of Ru(ll) catalysts.

(entries 1 and 2Table J. These results indicate that pro-

tonic solvent inhibits the interaction between Ru-carbene Table 3

and styrene, and thus dimmers are formed. Using hydrocar—The influencg of reactiqn temperature'on the gsymmetric cyclopropanation
bon as solvent, the catalytic system exhibits lower catalytic of styrene with ethy! diazoacetate usiag as ligand

activity and enantioselectivity (entries 3-Bable 3. This Enty T (°C) Yoielgﬂ cistrans® % ee. % ee.
is probably due to the fact that the catalyst is not very (%) (€9 (trang)®
soluble in hydrocarbons under the catalytic reaction condi- ; 1?) 2(6’ 32;2 % ;2
tion. When the reaction was performed in THF and MTBE 3 20 93 o= 7e 85 83
(entries 6 and 7Table 2, the catalyst shows higher activ- 4 30 9 19:81 87 82
ity and moderate e.e. value (92% vyield with 70% e.e. of 5 40 95 20:80 89 87
cis-isomer and 68% e.e. tfans-isomer in THF; 90% yield 6 50 95 20:80 92 88
with 75% e.e. otis-isomer and 72% e.e. dfans-isomer in ; ?8 23 ;353; gg gg
MTBE). The highest enantioselectivity is obtained by using 9 80 57 o674 77 76

1,2-dichloroethane as solvent (93% yield with 83% e.e. for
cis-isomer and 83% e.e. farans-isomer, entry 9Table a @ Reaction conditions: 1.0 mmol pf _ethyl diazoacetate, _ 2.0ml of
Interestingly the same Catalytic results can still be ob- styrene, 2.0mol% catalyst prepared in situ (based on the diazoacetate),
. ! X i 3.0ml of 1,2-dichloroethane.
tained when the reaction was performed under air atom- b petermined by GC with diethyl adipate as internal standard.
osphere (entry 10Table 2. The result indicates that the ¢ The e.e. of the cyclopropanation product and the ratitraris- and
ruthenium catalytic system is not very air-sensitive, which cisisomers were determined by a chiral capillary GC column (cycldgiex-
would be a good merit for the practical applications. 2,3,6_—methylated, 30 0.2_5 mm (i.d.)), ar?d the configura_tions of the_
The cyclopropanation was performed at different reaction four |somer§ were determined by companng the'GC elution order with
. - the authentic sample prepared according to the literature.
temperatures, the results were summarizethiple 3 With d (1S2R) as the major enantiomer.

increasing reaction temperature, the activity and enantios- ¢ (1529 as the major enantiomer.
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4, Conclusion

In conclusion, a new type of chiral ferrocenylphophine-
imine ligands 4a—d were synthesized and these new
P,N,N-type ligands are proved to be efficient in ruthenium
catalyzed asymmetric cyclopropanation of styrene with
ethyl diazoacetate. 95% e.e. @b-isomer and 90% e.e. of
trans-isomer were achieved using [Ru(RpCl>]-4a as
catalyst in cyclopropanation of styrene.
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