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Abstract

Afamily of five- and six-coordinate chiral-at-metal ruthenium complexes has been examined as catalysts in the asymmetric cyclopropanation
reaction of styrene with ethyl diazoacetate. With complexesid 6, good cis-diastereoselectivity and enantioselectivity up to 74% were
observed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction stereoselectivity of organic reactions because the inductor of

the chirality is the same metal atom at which catalysis takes

Catalytic asymmetric cyclopropanation of alkenes is one place [8]. Moreover, the fixed configuration at the metal

of the most efficient methods for the selective construction of center of the organometallic complex used as catalyst can
chiral cyclopropanic compounds]. Over the last 15 years,  provide an interesting tool to understand the stereochemical
many excellent metal-based methodologies have been develpathway of the reaction. At present, the application of this
oped, but most of them ateans-selective. Only recently, a  kind of chiral-at-metal systems to the asymmetric synthesis
few chiralcis-selective systems have been reported. Different has been mainly restricted to hydrogenation and Diels—Alder
ruthenium and cobalt(ll) salen compleX@s3] have proven reactiond9].

to be very efficient catalysts to obtaiis-cyclopropanes with In the last years, our research group has described dif-
excellent enantio- and diastereoselectivities. Other systemsferent ruthenium(ll), rhodium(lll) and iridium(lll) com-
based on MP,-ligand ruthenium[4] chiral iron carben¢5] plexes with stereogenic metal atoms and their use as catalysts

or, more recently, dirhodium(ll) complexf have alsobeen  in enantioselective Diels—Ald¢t0], hydrogen transfeil1]
shown to becis- enantio- and diastereoselective. On the other or 1,3-dipolar cycloadditio12] reactions. In some oc-
hand, some heterogeneous catalytic systems have been rezasions, the complete characterization of intermediate
ported axis-selective]7]. complexes has been possible and a catalytic cycle could be
In general, the chirality of these catalytic systems remains proposed10a,12] In particular, we have experience in the
exclusively in the substituents of the chelating skeleton. The synthesis of optically active phosphinooxazoline complexes
utilization of organometallic complexes with stereogenic where the nitrogen and phosphorus atoms of the phosphi-
metal centers can provide a useful alternative to improve the nooxazoline ligand co-ordinate the metal center in a chelate
fashion[10a,d] Herein, we examined a family of ruthe-
* Corresponding author. Tel.: +34 97 676 22 75; fax: +34 97 676 12 10. Mum(ll) complexes with chirality at the metal having the
E-mail addresspilopez@unizar.es (P.dpez). chiral bidentate ligand @-(2-diphenylphosphinophenyl)-
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~ NG-CHz ] + ~ NC-CHs ]+ newly appeared solid was separated again by filtration. To the
~~ Ruin,,, AU resulting solution, the phosphinooxazoline ligandSj{-

r/\’N/ \P { F{ N diphenylphosphinophenyl)-4-isopropyl-1,3-oxazoline) [PN,
O~ pny \Ph prl \Ph >0 365 mg, 0.98 mmol] was added in 5 mL of dichloromethane.
0 y; The colour of the solution turned immediately from orange

(e S)-1 \r:)""\ (B, SO to red-orange. The reaction mixture was partially concen-

L TR con L TR trated under reduced pressure and the addition of diethyl

2 . . .
(PN) ligand ether gave an orange solid, which was filtered off, washed

with Et,O and dried under an argon atmosphere. Yield:
Fig. 1. Enantiopure (PN) ligand and structure of both diastereomers of com- 84%. Gruc)-1: (Rru,Sc)-1 molar ratio 1.5:1. IR (nujol,
plex 1. cm1): y(C=N) 2268.2 (s),(C=N) 1641.3 (s),»(C—O-C)
1230.5 (s). &ruSo)-L *H NMR (CDCl;) § —0.22 (d,
4-isopropyl-1,3-oxazoline [(PN)Fig. 1] as catalysts in a  3H, Jyy=6.9Hz, MeMe 'Pr), 0.84 (d, 3H,Jyn=6.9 Hz,
cyclopropanation reaction. When we started our work on MeMe 'Pr), 1.44 (bs, 15H, EMes), 1.6-1.7 (m, 1H, €
this topic, mononuclear complexes containing stereogenicipr), 1.96 (s, 3HMeCN), 4.03-4.54 (m, 3HH oxazoline-
metals had not been reported as catalysts in asymmetric Cyring), 6.85-7.92 (m, 14 HPh). 13C NMR (CDCk) § 3.3
clopropanation of olefins. As far as we know, our complexes (MeCN), 10.3 (GMes), 13.1 (MeMe 'Pr), 19.0 (M&e Pr),
are the only catalysts with stereogenic metal centers that29.0 (CH 'Pr), 66.9 Cs4 oxazoline-ring), 86.9 CsMes),
are cis- diastereo- and enantioselective in the asymmetric 75 2 (Cs oxazoline-ring), 125.9 (M&N), 128.0-136.3Rh),
cyclopropanation of alkenes. 163.9 C, oxazoline-ring).3'P NMR (CDChk) § —144.6
(sp,Jep=716.5 Hz, uncoordinatdeFs ), 51.2 (S). Rru,c)-
1: 'H NMR (CDCl) § 0.52 (d, 3H,Jqn = 7.0 Hz, MeMe
'Pr), 1.00 (d, 3HJqH =6.9 Hz, MeMe 'Pr), 1.35 (d, 15H,
51 General JpH=2.1Hz, GMes), 1.6-1.7 (m, 1H, @ 'Pr), 1.96 (s, 3H,
MeCN), 4.03-4.54 (m, 3H{ oxazoline-ring), 6.85-7.92 (m,

All solvents were dried over appropriate drying agents, 14 H,Ph). 3C NMR (CDCk) 6 3.5 (MeCN), 10.0 (GMes),
distilled under argon and degassed prior to being used. All 13.9 (MeMe 'Pr), 18.7 (Mée 'Pr), 28.8 CH 'Pr), 67.7
preparations have been carried out under a argon atmo«{Cs0xazoline-ring), 75.5¢4 oxazoline-ring), 86.9¢sMes),
sphere. Infrared spectra were recorded on a Nicolet Magnal25.9 (M&N), 128.0-136.3 Rh), 163.4 C oxazoline-
550 spectrophotometetH and 3'P{*H} were recorded  ring). 3P NMR (CDCh) § —144.6 (sp,Jrp=716.5Hz,
on a Varian UNITY 300 (299.95MHz), Varian GEMINI  uncoordinatedPFs~), 51.3 (s). MS [MPRs~, mz (%)]:
2000 (300.10 MHz) or a Bruker 300 ARX (300.10 MHz). 610 (M"—AN).

Chemical shifts are expressed in ppm upfield from SjMe

and 85% HPO, (3'P). NOEDIFF and®P, 1H correlation ~ 2.2.2. Preparation of [RUG(PN)(PPh)] (2)

spectra were obtained using standard procedures. Mass A mixture of [RUCh(PPh)s] (500 mg, 0.52 mmol) and
spectra were obtained in the FAB+ mode on a high reso- the phosphinooxazoline ligand (PN) (195mg, 0.52 mmol)
lution VG-autospectrometer using a NBA matrix; selective in 15mL of toluene was stirred for 24h. Solvent was
peaks andwz percentage are given. Gas chromatographic Vacuum-evaporated to dryness. The residue was dissolved
(GC) analyses were performed using a Hewlett-Packard in dichloromethane (10 mL) and the solution partially con-
58890 Il with a flame ionisation detector. The yields of centrated (5mL) under reduced pressure. Slow addition of
the cycloaddition reaction were determined by gas chro- hexane (about 15mL) gave a deep green solid, which was
matography in a Capi”ary column (Cross_”nked methy| filtered off, washed with hexane and dried under an argon
silicone HP-1, 25nx 0.2 mmx 0.33um) using n-decane atmosphere. Free leaving triphenylphosphine was present in
as internal standard. The ee values were determined bythe obtained solid and it could not be removed by crystal-
GC with a chiral column (Cyclodex-B, 2,3,6-methylated, lization. IR (nujol, cnt®): v(C=N) 1630.3 (s),»(C-O0-C)

2. Experimental

30 mx 0.25 mmx 0.25um). 1242.1 (s). Major isomer o2: *H NMR (CDCl3) 6 0.76
(d, 3H, Jyn = 6.8 Hz,MeMe 'Pr), 0.98 (d, 3HJyy =6.8 Hz,

2.2. Synthesis of the complexes MeMe 'Pr), 2.12-2.25 (m, 1H, B Pr), 4.42-4.50 (m, 2H,
Hs,Hs oxazoline-ring), 5.04-5.11 (m, 1H{y oxazoline-

2.2.1. Preparation of [{>-CsMes)Ru(PN)(AN)]PFs (1) ring), 6.60-8.11 (mPh). 13C NMR (CDCk) § 13.9 (MeMe

A mixture of [{(n°-CsMes)RuCl}o(u-Cl)2] (300mg,  'Pr), 22.3 (M&Me 'Pr), 32.5 CH 'Pr), 68.3 C4 oxazoline-
0.49 mmol), KPE (252mg, 1.37 mmol) and powdered Zn ring), 77.1 Cs oxazoline-ring), 125.9-140.®%), 164.3 C>
(128 mg, 1.96 mmol) in 15mL of acetonitrile (AN) was oxazoline-ring)3*P NMR (CDCb) 6 36.3 (d,Jpp=34.6 Hz,
stirred for 4h. The solid (Zn) was separated by filtration coordinatedPPhg), 84.3 [d,Jpp=34.6 Hz, PN)]. MS [m/z
to obtain an orange solution that was concentrated under(relative abundance)]: 807 (M 3%), 772 (M —Cl, 53%),
vacuum to 1 mL. After addition of C4Cl, (15mL), the 472 (100%).
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2.2.3. Preparation of [RuG(PN)(PPh)(H20)] (3) ture. The formation of the acetonitrile adduct was indicated
Method A A mixture of [RuChb(PPh)s] (300 mg, by a colour change during this time (from deep green to yel-
0.31mmol) and the phosphinooxazoline ligand (PN) low). The solution was partially concentrated under reduced
(127 mg, 0.31 mmol) in 15 mL of methanol was stirred for pressure, and the slow addition of diethyl ether gave a yellow
24 h at room temperature. Solvent was vacuum-evaporatedsolid, which was filtered off, washed with diethyl ether and
to dryness. The residue was dissolved in dichloromethanedried under argon. Yield: 46%. IR (nujol, crh): v(C=N)
(10mL) and the solution partially concentrated under re- 1616.3 (s),1(C—O—C) 1244.0 (s),v(C=N) 2279.8 (s).*H
duced pressure. The addition of 20 mL of hexane gave anNMR (CDCl3) § —0.02 (d, 3H,Jyn =6.9 Hz, MeMe 'Pr),
orange solid, which was filtered off, washed with hexane 0.76 (d, 3H,Jyny =6.9 Hz, MéMle 'Pr), 1.45 (s, 3HMeCN),
and dried under argon. Yield: 82%lethod B A solution 1.90 (m, 1H, &1 'Pr), 2.40 (s, 3HMeCN), 4.34—4.49 (m, 2H,
of [RuCkL(PN)(PPR)] (2) (300 mg, 0.38 mmol) in 7mL of  Hg4, Hs oxazoline-ring), 5.55-5.65 (m, 1HHy oxazoline-
methanol was stirred for 1 h at room temperature. During this ring), 6.39-8.25 (mPh). 13C NMR (CDCk) § 3.8 (MeCN),
time, the solution colour evolved from deep green to orange. 13.4 MeMe 'Pr), 19.5 (M&e 'Pr), 29.3 CH 'Pr), 68.2 C3
The solution was partially concentrated under reduced pres-oxazoline-ring), 70.9 @4 oxazoline-ring), 123.7 (M@N),
sure, and the slow addition of hexane gave an orange solid,126.9-135.1 Rh), 165.5 C, oxazoline-ring).3'P NMR
which was filtered off, washed with hexane and dried un- (CDCl3) § 41.7 (d,Jpp=23.9Hz), 50.0 (dJpp=23.9 Hz)
der argon. Yield: 50%. IR (nuijol, crt): v(C=N) 1593.1 (s), MS [M*CI~, m/z (relative abundance)]: 853 (M4%), 807
v(C-0-C) 1236.1 (s)v(H20) 3373.3 (s), 1629.8 (v_v)l.H (M*=AN, 4%), 772 (M—-2AN, 100%), 472 (77%). Molar
NMR (CDCl3). § —0.10 (d, 3H,J4H =6.8 Hz, MeMe 'Pr), conductivity: 37.92 tcmtmol~! (5x 1074M acetone
0.27 (d, 3H,Jyy = 6.8 Hz, MeMe 'Pr), 1.75 (bs, coordinated  solution).

H20), 2.37 (m, 1H, @ 'Pr), 3.50 (m, 2HHj, Hs oxazoline- When reaction between compl@xand acetonitrile was
ring), 4.14 (m, 1HHy oxazoline-ring), 6.84—-8.21 (nkh). carried out at reflux, a new compleg)(was appearing (re-
13C NMR (CDCk) & 13.2 (MeMe 'Pr), 18.2 (M&e 'Pr), action monitored by*H and3!P NMR). After 3 days, the
27.4 CH'Pr), 67.3 C4 oxazoline-ring), 77.2Cs oxazoline- reaction did not more evolve. Then, the solution was concen-

ring), 126.4—139.1Rh), 164.0 C, oxazoline-ring)31P NMR trated and the solid precipitated by slow addition of diethyl
(CDClg) é 30.5 (d,Jpp=32 Hz, co-coordinate&Phg), 59.9 ether to give a mixture of complex&sand6 in a molar ratio
[d, Jpp=32Hz, PN)]. MS [nVz (relative abundance)]: 807  of 1:5. As the formation of comple&is not quantitative, the

(M*—H50, 7%), 772 (73%), 472 (100%). characterization in the solid state was not attempted. Com-
plex 6: 1H NMR (CDCl3) 8 —0.01 (d, 3H,J4H =6.9Hz,
2.2.4. Preparation of [RUG(PN)(PPH)(CO)] (4) MeMe 'Pr), 0.74 (d, 3H,Jyn =6.9 Hz, MéMe 'Pr), 1.92 (m,

Carbon monoxide was passed through a solution of 4H, MeCN, CH 'Pr), 2.26 (s, 3HMeCN), 4.29 (pt, 1H,
[RuCkL(PN)(PPR)] (2) (150mg, 0.19mmol) in 10mL of  Jyy =7.8 Hz,H4 oxazoline-ring), 4.41 (pt, 1HH =9.8 Hz,
dichloromethane. The change of solution colour from deep Hs oxazoline-ring), 5.22-5.38 (m, 1H{g oxazoline-ring),
green to yellow was operated in a few minutes. The reaction 6.73-8.16 (mPh). 3P NMR (CDCh) § 59.2 (s).
was monitored by infrared spectroscopy until the IR spectrum
remained unchangeable (about 1h). Solvent was partially2.3. General procedure for asymmetric
evaporated under reduced pressure and the addition of hexeyclopropanation
ane gave a yellow solid, which was filtered off, washed with
hexane and dried under argon. Yield: 54%. IR (nujol;tm To a suspension containing AgOTf (12.85 mg, 0.05 mmaol,
v(C=N) 1607.7 (s)y(C—0—C) 1240.2 (s)y(C=0) 1957.7 (s). except as indicated) and 0.025 mmol of the catalyst precur-
IH NMR (CDCl) 5§ —0.28 (d, 3HJyn =6.9 Hz,MeMeiPr), sor in 2mL of dry dichloromethane, a solution of 2.1 mL
0.41 (d, 3HJ4H = 6.9 Hz, MVle ' Pr), 1.74 (m, 1H, & 'Pr), of styrene (18.75 mmol) anutdecane (49.8 mg, 0.35 mmol,
3.54 (m, 1HH,4 oxazoline-ring), 3.70 (pt, 1Hlyy =9.2 Hz, used as internal standard for GC) in 1.5 mL of dry {Cip
Hs oxazoline-ring), 3.99 (dd, 1Hyy = 3.3 Hz,dJyy =9.2 Hz, was added at room temperature under an inert atmosphere.
Hs oxazoline-ring), 6.84-8.21 (nih). 3¢ NMR (CDCk) A CHCl, solution of ethyl diazoacetate (1.25mmol in
512.2 MeMe'Pr), 18.4 (MéMe'Pr), 27.5 CH'Pr), 66.2 C4 40mL) was slowly added dropwise (addition time indicated

oxazoline-ring), 78.1Qs oxazoline-ring), 126.4-136.@0), in Table 2. After the addition was complete, the result-
165.4 C, oxazoline-ring), 201.8 (plpc = 12.1 Hz,CO). 3P ing mixture was stirred for an additional time indicated in
NMR (CDCl3) §15.3 (d Jpp= 365 Hz), 34.8 (dJpp= 365 Hz) Table 2 The reaction was monitored by GC until the ra-
MS [nVz(relative abundance)]: 835 (M12%), 800 (M —Cl, tio between the formed cyclopropane compounds and the
89%), 472 (100%). starting ethyl diazoacetate remained unchangeable. Yields,
cistransratios and dimerization percentage were determined
2.2.5. Preparation of [RuUCI(PN)(PRNAN)]CI (5) by GC in a capillary column (cross-linked methyl silicone
and solvato comple& HP-1, 25mx 0.2 mmx 0.33um). Previously to the chro-

A solution of [RuCh(PN)(PPR)] (2) (300 mg, 0.38 mmol) matographic analysis, samples were treated with hexane (for
in 7 mL of acetonitrile was stirred for 1 h at room tempera- catalyst2—4) or diethyl ether (for catalyst, 5, 6) and the
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organometallic compound filtrated. Enantiomeric excess of 3Tlable 1
the products was determined by GC using a chiral column __P NMR data of complexes-6

(Cyclodex-B, 2,3,6-methylated, 30rm0.25mmx 0.25p.m)
[13]. Absolute configuration of the cyclopropanes was deter-
mined by the comparison of the elution order found in the
literature[13].

3. Results and discussion
3.1. Synthesis of complexess

Half-sandwich complexes asif-CsHs)Ru(AN)z]* (AN,
acetonitrile) or [¢>-CsHs)RuCI(PPh),] and five-coordinate

compounds as [Ru@IPPh)3] have proven to be excellent
catalysts for olefin cyclopropanatidt4,15] We therefore

synthesised similar systems including the chiral bidentate lig-

and (PN). Complexe$6 (Figs. 1 and 2were prepared as
described irscheme 1The proposed structures are based on

Complex 31p NMR, § (ppm) 31p NMR, Jpp (Hz)
(SrusSc)-1 51.2(s)

(Rru,Sc)-1 51.3(s)

2 84.3 (d), 36.3(d) 34.6

3 59.9 (d), 30.5 (d) 32.0

4 15.3 (d), 34.8 (d) 365

5 50.0 (d), 41.7 (d) 23.9

6 59.2 (s)

was characterized by the corresponding features of the
coordinate acetonitrile molecule ifC and 'H NMR.
Similar solvato-complexes derived from rhodium(lll) and
iridium(lll), whose structures were determined by X-ray
diffraction, have been prepared and used as catalyst in the
Diels—Alder reactiofil0d]. The analysis of the spectroscopic
data of complexl and the similarities with those of the
rhodium(lll) and iridium(lll) analogs have permitted to

their spectroscopic data, as no crystals of any complex havepropose the structure of the ruthenium compkég. 1shows
been obtained so far. As it has been shown by other authorsfor complex1 a “three-legged piano stool” geometry, where

[4a], the analysis of thé'P NMR spectra can be very useful

to assign the stereochemistry in octahedral ruthenium com-

chiral metal center is in a pseudo-octahedral environment,
being bonded to the®-CsMes ring, to the nitrogen and

plexes since chemical shifts depend on the coordinate atomphosphorus atoms of the phosphinooxazoline ligand in a

(ClI, O or N) in thetransP—Ru-ligand arrangements, whereas
coupling constant values indicatis or transP—Ru—P dispo-
sitions.Table 1shows the’P NMR data of complexes-6.
Half-sandwich complex  [-CsMes)Ru(PN)(AN)]*
PR~ (1), where a molecule of the solvent (acetonitrile,
AN) occupy a labile position of the metal coordination

chelate fashion, and to the solvent molecule.

The cationic complex [°-CsMes)Ru(PN)(AN)['PFs™
(1) was obtained as a mixture 08{,,Sc)-1 and Rru,o)-
1lina 1.5:1 ratio Fig. 1) that could not been resolved. Each
diastereomer was characterized By, 13C and3P NMR
and their absolute configurations assigned by comparing with

sphere, was prepared by reaction of (PN) ligand with dimer those of rhodium(lll) and iridium(lll) analogd.0d].

[(n°-CsMes)RuCh]» in acetonitrile at room temperature

(Scheme L The mass spectrum (FAB+) displays the
peak of the cationic fragment with a loss of acetonitrile
(m/z 610, 100%) and the solvated nature of the complex

[(5-CsMeg)RuClol, N, [(n®CsMes)Ru(AN),]*PFg

N2

[(n5CsMes)Ru(PN)(AN)I*PFg
(Sru» Sc)-1+ (Rgry, Sp)-1

AN : acetonitrile

[RuClz(PPhg)s] i [RUCIL(PN)(PPhg)]

2 (major isomer)

[RUCI{(PN)(PPhg)(AN),]*CI _‘ﬂ 2 [RuCl,(PN)(PPh3)(CO)]

5 _ a
viii) \i)

[RUCI(PN)(PPhs)(H20)]
[RUCI(PN)(AN),]*CI 3

vi)

v)
6 (major isomer) [RuCla(PPhg)s]
Scheme 1. Synthesis of complexkst: (i) KPFg, Zn, AN, r.t.,, 4h; (ii)
(PN), CHCly, r.t.; (iii) (PN), toluene, r.t., 24 h; (iv) MeOH, r.t., 24 h; (v)
(PN), MeOH, r.t., 24 h; (vi) CO, CbCly, r.t., 1h; (vii) AN, r.t., 1 h; (viii)
AN, reflux, 3 days.

The five-coordinate complex [RugtPN)(PPh)] (2) was
obtained from [RuGI(PPh)s] by displacement of two
molecules of PPhby the ligand (PN) in toluene at reflux
(Scheme L Under these conditions, a mixture of five iso-
mers was obtained, one of which was the major compo-
nent (71% by'H NMR). The mass spectrum displays the
molecular ion ¥z 807, 3%), the loss of a chloride anion
to form the cationic specie [RuUCI(PN)(PRH (m/z 772,
53%) and the peak of [RuCI(PRR* (m/z472, 100%). The
31p NMR spectrum showed an AX system with the two
phosphorus atoms in eis-disposition for all the isomers.
From the3!P NMR spectrum of the main isomeFgble J)
and taking into account that the P atom involved itraans
P—Ru—Cl arrangement displays high® NMR chemical
shifts @) and that typicab’s for trans P-Ru—N dispositions
are around 35-50 pprf#a], a square pyramidal structure
(Fig. 2) could be proposed. This fact agrees with that shown
by other authors: whenfccomplexes can be induced to be
five-coordinate, they are best classified as square pyrami-
dal [16]. In an attempt to obtain a single isomer, we tried
to prevent the equilibrium between different coordination
polyhedra by preparing more stable 18-electron complexes
derived from compoun@. Thus, six-coordinate complexes
[RUC(PN)(PPR)(H20)] (3), [RUCL(PN)(PPR)(CO)] (4)
and the cationic [RuCI(PN)(PRJ{AN)2]* CI~ (5) were pre-
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3 cl T'
: N, | WOH,
C = (PN) ligand (v’ N*FL..N‘C‘ (,:——-Hu\PPh
P™ TN, | 3
& PPhs &
|
2 3
5
cl & ol
a ‘_(.—N,,FJ wPPhg i N"J wPPhg ‘““?,/N,).FJ .““.\NC‘CHS
U w ' u--‘ —RU
F | Sco p— o P | ~Ppn,
Gl co NC-CHs
4(a) 4(b) 5

Fig. 2. Structures of complex@s5. For structure, 4(b) and5, only one
epimer at the metal is shown.

pared by reaction o? with methanol, CO and acetonitrile,
respectively, at room temperature.
[RuClL(PN)(PPR)(H20)] (3) was synthesised as a
single isomer ¢is P—Ru—P arrangement) by reacting
[RuClp(PPh)3] with (PN) in methanol. The same product
was also obtained when compl@xwas left to react with
methanol. This aquo-compleX was characterized by the
corresponding features of the water molecule in IR dd
NMR (see Sectior?). The water molecule proceeds from

133

IR. This by-product difficulted the characterization because
we could not unequivocally assign the bands present in the
far-IR spectrum. Although different carbonyl stretching fre-
guencies have been reported for monocarbonyl complexes
having the CO groupransto a Cl (1945-1949 crt) or to

a phosphine (1961 cnt) [17a], our compound shows an in-
termediate value (1958 cm). Without any more references,

it was not possible to assign the relative stereochemistry of
compound4.

In a similar way, we investigated the reaction of com-
plex 2 with acetonitrile to obtain the corresponding solvate-
complex. Under the conditions reflected Bcheme 1
the cationic compound [RUuCI(PN)(PBAN)2]*CI~ (5)
(molar conductivity in 5<1074M acetone solution:
37.99Q~1cm 1 mol1) was obtained, whose spectroscopic
analyses reflect the presence of two molecules of acetoni-
trile. Likewise, mass spectrum shows the molecular peak at
m/z 853 (4%), the loss of one molecule of acetonitritgq
807, 4%) and the loss of a second molecuté (72, 100%).
This new complex has typicdtP NMR chemical shifts for
transP—Ru—N dispositiongla] and alpp corresponding to a
cis P-Ru-P arrangemeritgble 1), suggesting the structure
depicted inFig. 2

Thus, from the starting mixture of isomers of the 16-

traces of water in the solvent, as we have previously ob- electron comple®, a single sterecisomer of each 18-electron
served in other related phosphoxazoline-Ru aquo-complexcomplex3-5 was formed in all cases. It is reasonable to as-
[10a]. The aquo-solvated nature of complgwas also con-  sume that the chiral (PN) ligand controls the absolute con-
firmed by the following experiment: to a solution of complex figuration at octahedral ruthenium so that a single stereoiso-
2 in dichloromethane, small amounts of water were added mer was obtained. Unfortunately, the absolute configuration

and the reaction monitored B} NMR. When we added
an equimolecular amount of water, aquo-com@exas de-

at the ruthenium center is unknown; single-crystals suitable
for X-ray diffraction could not be obtained for any of these

tected, but as a minor component of the mixture. An excesscompounds.
of water and a reaction time of 12 h enhanced the presence of The obtention of compleXs was not easy to control

complex3 and decreased the concentration of isomer3 of

suggesting an equilibrium between the five-coordinate com-

plexe2 and the six-coordinate aguo-solv8t&he FAB mass
spectrum showed a peakratz 807 (M*—H,0, 7%) but not

because the formation of the complex was indicated by the
colour change of the solution. Then, when compewas
reacted with acetonitrile for long times or under heating, a
new ruthenium complex6] was detected. Refluxing of the

that of the molecular ion, suggesting that the water molecule reaction enhanced the presence of compgleand the mix-

is loosely bonded®!P NMR chemical shifts and coupling
constantlpp (Table J indicatetransP—Ru—OfransP—Ru—-N

ture of complexes became enrichedbiafter long reaction
times (80% after 3 days of reaction under reflux). Complex

andcis P-Ru—P arrangements. On the basis of all analytical 6 could not be purified from the mixture and, then, the

data, we propose for compléxthe structure represented in
Fig. 2

Treatment of complex2 with carbon monoxide over a
short period (1 h) gave [RuglPN)(PPR)(CO)] (4) as a sin-
gle isomer with arans P—-Ru—P dispositionTable 1. The
FAB mass spectrum displays the molecular iomz(835,
12%) and the loss of a chloride anion to form the cationic
specie [RUCI(PN)(PR)(CO)]* (m/z 800, 89%). Two struc-
tures can be proposed with this conditiof{a) and4(b)
(Fig. 2), and we were a priori unable to determine which of
these corresponds to compouhdt is known that values for

characterization in the solid state was not attempted. The
FAB mass spectrum obtained from the enriched mixture
is quite similar to mass spectrum 6f and did not allow
proposing a structure for compléxThelH NMR spectrum

of complex 6 reveals the presence of two molecules of
acetonitrile and the (PN) ligand and tAf# NMR spectrum
confirms the absence of any other phosphorus atom. It seems
that6 is a five-coordinate complex arising from the loss of

a PPh ligand fromb5.

3.2. Catalytic asymmetric cyclopropanation of styrene

ruthenium—chlorine stretching frequencies are characteristicusing1-6 Ru(ll) complexes

of transCl-Ru-ligand disposition depending on the nature of
the ligand17]. Unfortunately, nextto complek a minor side

Complexesl-6 were examined as catalyst precursors in

compound, probably a dicarbonyl complex, was detected by the cyclopropanation reaction between styrene and ethyl di-
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Table 2

Asymmetric cyclopropanation of styrene with ethyl diazoacetate catalyzed by compiéxes

Entry Catalyst t addition/ Yield (%)° cistrans® eecig? eetrang? Dimerization (%)

(molar ratio) t reaction (h} (major isomer§ (major isomer§

1 -9 216 3 51:49 - - 0
2 1(2%) 2/15 19 46:54 4% @2R) —2% (IR 2R) 23
3 2 (2%) 2/6 28 58:42 22% @2R) 20% (1S,2S) 31
4 3(2%) 2/6 31 54:46 22% @2R) 30% (1S,2S) 41
5 4 (2%) 2/6 17 55:45 18% @2R) 0% 12
6 5 (2%) 2/6 39 68:32 56% @2R) 0% 4
7 5 (2%) 2/4 14 41:58 4% (2R —2% (IR 2R) 52
8 5 (2%) 2/0 40 68:32 56% @2R) 0% 6
9 5 (2%) 24/0 33 74:26 68% @2R) 12% (1S,2S) 0

10 6 (2%) 2/0 34 67:33 74% @2R) 42% (1S.2S) 0

11 6 (2%) 24/0 32 75:25 74% @2R) 20% (1S29 0

12 6 (6%) 2/0 36 32:68 74% (32R) 34% (1S,29 0

@ Reaction time was considered as stirring time after the addition was complete.

b Yield was calculated as the ratio between the formed cyclopropane compounds (determined by GC) and the starting ethyl diazoacetate.

¢ Ratio ofcis andtransisomers was determined by GC analysis.

d Enantiomeric excess of the products was determined by GC using a chiral column (Cyclodex-B).

€ Absolute configuration was determined by the comparison of the elution order found in the lit§t&Jure

f Dimerization percentage was calculated as(®umarate mmol + maleate mmol) (mmol starting ethyl diazoacethte)

9 Two blank tests without any ruthenium complex were carried out, one of them without silver triflate and another one with 0.05 mmol of AgOTf, and the
same results were obtained.

h This experiment was carried out without AgOTH.

i 0.15 mmol of AgOTf was added.

azoacetate. Reactions were carried out by slowly adding acatalyst2—6, can be partially explained by the competitive
much-diluted solution of ethyl diazoacetate (EDA) to a so- dimerization of the carbene. However, as unreacted ethyl
lution containing styrene and the catalyst precursor. Under diazoacetate was still present in the solution reaction, the
these conditions, the formation of maleic and fumaric acid most probable explanation of the low cyclopropane yield is
esters, by-products of the metal-carbene dimerization, is keptthe intrinsic low activity of the catalyst. This poor catalytic
to a minimum[13]. In accordance with the literature method, behaviour (low yield and diastereoselectivity) is similar to
silver triflate was used as an activating agent to precipitate reported in a recent work that described the use of ruthenium
either part or all of the chloride aniorjéc,18] The results half-sandwich complexes with a non-stereogenic metal
using these activated catalysts and two blank tests withoutcenter, [RuGl(n8-p-cymene)P*] (P* = chiral fosforamidite)
any catalyst (with and without silver triflate) are summarised as catalysts in asymmetric cyclopropanation of oleffirgg.
in Table 2 These tests make clear that, in the studied reaction  On the contrary, under the standard conditions (2% cat-
conditions, AgOTf does not catalyse EDA decomposition in alyst, presence of AgOTf), the family of complex2s6
an appreciable extension. showed &cis preference (entries 3—-6, 8-11). Likewise, all
Preliminary cyclopropanation tests in similar conditions of them catalyzed the cyclopropanation reaction vdi
(entries 2—6) indicated that, after activation by AgOTf, the enantioselectivity (from 18 to 74% ee). About the sense
complexesl-5 showed catalytic activity. The yields were of the enantioselectivity, all the complex2st showed the
from low to moderate (17—-39%) and the best results were same trend, beingis-(1S2R) cyclopropane the major iso-
found for complex5, with a moderatecis- enantio- and mer. For catalystg—4, the dimerization percentage is slightly
diastereoselectivitycfs: 56% eecis:transratio 68:32). Com- higher than the cyclopropanation reaction. However, acetoni-
plex 5 was then more investigated (entries 7-9). Becausetrile complexes and6 led predominantly (exclusively, for
complexe$ and6 were related, this last compound was also complex6) to the cyclopropane products.

tested as catalyst. As compléxcould not be isolated, the The catalytic behaviour of five-coordinate compl2x

referred as “comple®” in Table 2was really a mixture of  was very similar to that found for agua-compl@xwith a

complexes and5 in a ratio 5/1 (entries 10-12). moderate enantioselectivity for bottis and trans cyclo-
Half-sandwich complex [{°-CsMes)Ru(PN)(AN)T* propanes. The water molecule probably occupies a very

PR~ (1) catalyzed the cyclopropanation reaction with labile position and, under the reaction conditions, complexes
low yield, enantio- and diastereoselectivity (entry 2). The 3and2evolve to the same catalytic intermediate. Compound
loss of enantioselectivity could be consistent with the 4, however, showed quite different behaviour: a lower yield
presence in the catalyst of the two diastereomers of reversedand enantioselectivity only for the@s-isomer. Thus, complex
configuration at the metalSgy,Sc)-1 and Rru,c)-1. The 4 is similar to compound in terms of the catalytic trend (cf.
low cyclopropane yield (19%) even after 15h of reaction entries 5 and 6). Complexé&sand6 led to the highestis-

time, a much longer time than in the experiments with diastereo- and enantioselectivities (56 and 74% ee, respec-
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tively, entries 8 and 10). Slower addition of ethyl diazoacetate [3] (a) T. Niimi, T. Uchida, R. Irie, T. Katsuki, Adv. Synth. Catal. 343
improved thecis- diastereo- and enantioselectivity for both (2001) 79; ' ' _
complexes (entries 9, 11). Nevertheless, additional reaction E%OTC'))’\:‘;'G?'Y' T. Uchida, R. Irie, T. Katsuki, Tetrahedron Lett. 41
time after the addltlon of EDA did not modify elt.her yield or [4] (@) C. Bona<.:corsi, S. Bachmann, A. Mezzetti, Tetrahedron: Asym-
steroselectivities of the reaction (compare entries 6 and 8). metry 14 (2003) 845;

The presence of AQOTf proved to be essential for complex (b) S. Bachmann, M. Furler, A. Mezzetti, Organometallics 20 (2001)
5. When the reaction was carried out in its absence, dimer- ~ 2102;
ization was much more significant than cyclopropanation, the () Z- Zheng, X. Yao, C. Li, H. Chen, X. Hu, Tetrahedron Lett. 42

cis-enantioselectivity fell and theis:transratio was reversed (2001) 2847.
Yy " [5] (@) Q. Wang, F.H. Brsterling, M.M. Hossain, Organometallics 21

(cf. entries 6 and 7). (2002) 2596;
Complex6 is the most effective catalyst, with goais- (b) Q. Wang, M.F. Mayer, C. Brennan, F. Yang, M.M. Hossain,
and moderatrans- selectivities €is: 74% eefrans 42% ee). Tetrahedron 56 (2000) 4881,

Since in all reactions no pure compléwas used, but an en- () R.D. Theys, M.M. Hossain, Tetrahedron Lett. 36 (1995) 5113.
[6] F. Estevan, P. Lahuerta, J. Lloret, M. Sana.A. Ubeda, J. Vila,

riched mixture, |_t is p035|'blethat |twa§ even more actlv_e._Any Chem. Commun. (2004) 2408.
way, the c_atalytlc thaWOUf_@f ShOng_enanuoseleC“Wty [7] (@) A. Cornejo, J.M. Fraile, J.I. Gaia, M.J. Gil, C.I. Herreias, G.
for both diastereoisomers, is more similar to that found for Legarreta, V. Mafhez-Merino, J.A. Mayoral, J. Mol. Catal. A 196
the five-coordinate compledthan showed for six-coordinate (2003) 101; _ ) )
complex5 (Cf. entries 4, 6 and 10)’ Suggesting com;ﬂeas (b) A.l. Ferrandez, J.M. Fraile, J.I. Gde; C.l. Herreras, J.A.

dinativel turated 16-elect . Mayoral, L. Salvatella, J. Mol. Catal. A 196 (2003) 101.
a coordinatively unsaturated 16-electron species. [8] H. Brunner, Angew. Chem. Int. Ed. 38 (1999) 1194.

It is notable that an increase in the ratio of catalyst [g] c. Ganter, Chem. Soc. Rev. 32 (2003) 130.
6 (from 2 to 6%) reversed the diastereoselectivity of [10] (a) D. Carmona, C. Cativiela, S. Elipe, F.J. Lahoz, M.P. Lamata,
the reaction, whereas the enantioselectivity s and M.P. Lopez-Ram de 14, L.A. Oro, C. Vega, F. Viguri, Chem. Com-
trans-diastereomers remained almost unchangeable (com- ~ Mun- (1997) 2351, .
. . . . . (b) D. Carmona, F.J. Lahoz, S. Elipe, L.A. Oro, M.P. Lamata,

pare entries 10 and 12). It is possible that this different

: > F. Viguri, C. Mir, C. Cativiela, M.P. bpez-Ram de W,
stereoselection was dependent on the association state  organometallics 17 (1998) 2986:

(monomeric or aggregated) of compl&x which in turn (c) D. Carmona, C. Vega, F.J. Lahoz, S. Elipe, L.A. Oro, M.P.
would be dependent on the catalyst concentration. Taking  Lamata, F. Viguri, R. Gaie-Correas, C. Cativiela, M.P.dpez-Ram
this fact into account, we were able to perform beith and de Viu, Organometallics 18 (1999) 3364;

. . . . (d) D. Carmona, F.J. Lahoz, S. Elipe, L.A. Oro, M.P. Lamata, F.
trans-selective asymmetric cyclopropanations with the same

Viguri, F. Sanchez, S. Mamez, C. Cativiela, M.P. &pez-Ram de
catalyst. Viu, Organometallics 21 (2002) 5100.

In conclusion, we have reported a family of ruthenium [11] (a) A. Katho, D. Carmona, F. Viguri, C.D. Remacha, J. Kovacs, F.
complexes that have a stereogenic metal center as catalysts Joo, L.A. Oro, J. Organomet. Chem. 594 (2000) 299;

for the asymmetria:isrselective cyclopropanation between (b) D. Carmona, M.P. Lamata, F. Viguri, I. Dovrinovich, F.J. Lahoz,
L.A. Oro, Adv. Synth. Catal. 344 (2002) 499;

styrene and ethyl diazoacetate. Although the absolute con- (¢) D. Carmona, M.P. Lamata, L.A. Oro, Eur. J. Inorg. Chem. (2002)
figuration of complexe®-6 is not known, it is clear that 2239

it should be related with the configuration of the major cy- [12] D. Carmona, M.P. Lamata, F. Viguri, R. Réguez, L.A. Oro, A.l.
clopropane isomer obtained in all the reactiais;(1S,2R). Balana, F.J. Lahoz, T. Tejero, P. Merino, S. Franco, |. Montesa, J.

These preliminary results open the way to the use of enan-___ Am- Chem. Soc. 126 (2004) 2716. ,
[13] J.M. Fraile, J.I. Garfa, J.A. Mayoral, T. Tarnai, Tetrahedron: Asym-

tiopure chiral-at-metal ruthenium complexes as catalyst in metry 8 (1997) 2089
cyclopropanation reactions for a better understanding of the[14] (a) v. Matsushima, H. Kikuchi, M. Uno, S. Takahashi, Bull. Chem.
reaction mechanism. Soc. Jpn. 72 (1999) 2475;
(b) W. Baratta, W.A. Herrmann, R.M. Kratzer, P. Rigo,
Organometallics 19 (2000) 3664.
[15] (&) A.W. Stumpf, E. Saive, A. Demonceau, A.F. Noels, J. Chem.
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