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The cyclometalation of chiral and achiral primary amines occurred readily with Ru(ll), Rh(lIl), and
Ir(1l) derivatives. Thus, the metalation oR)-1-phenylethylamine by {€-benzene)RuG],, [(17°>-Cp*)-
RhCh],, and [¢°-Cp*)IrCl;], was studied. Good yields of the expected cationic products in which the
phenyl group wasrtho-metalated were obtained for the rhodium and the ruthenium derivatives, whereas
a mixture of products was formed in the case of the iridium complex. Benzylani)€l-ighen-
ylpropylamine, R)-1-(1-naphthyl)ethylamine, an®)-1-aminotetraline afforded also the cycloruthenation
products whose general formula igf{benzene)Ru(N-C)(NCMe)]Pk where N-C represents thertho-
metalated ligands. Substitution of the acetonitrile ligand by #Weoccurred readily on the ruthenium
complexes, affording stable compounds that were characterized by X-ray diffraction studies on single
crystals, thus ascertaining the existence of the cycloruthenated five-membered rings. Accurate analyses
of the structure of the complexes were implemented in solution and in the solid stat&) Thaef{guration
at the metal was usually associated with aonformation of the metallacycle, and conversely, tRe (
configuration with thel conformation. The study of the conformation of the five-membered rings revealed
that the orientation of the NHgroup is such that one NH unit is oriented toward tffebenzene ring
(roughly parallel to the Rucentroid benzene vector), whereas the second NH is parallel to thé Ru
bond, L= NCMe or PMePh.

Introduction transition metal that has been the most studied, as to date

The cyclometalation of ligands by transition metals is one of cyclopalladated compounds are known for nearly all classes of

; ligands? Renewal of interest in these compounds emerged 10
the oldest, known since the early .19603’ e_md one of the bestyears ago, as some of these compounds were identified as
developed areas of organometallic chemidtiy. was soon

) . i .. powerful catalysts for €C or C-Y (Y = heteroatom) bond
recognized to be the easiest way of formation of a transition formation reactiond-1° since unprecedented TON or TOF
metal complex with a carbermetal bond. Moreover as these ' P

compounds proved generally to be rather stable, they were eas numbers were obtained. However, all attempts made to prove
P P g y  they Xhe role of a palladacyclic unit in these catalytic reactions were

:Zairt]g;aﬁgggé;hujbﬁ?ﬁgj?ﬂ?; OIhgﬁggtrjod;gg:g rmt; th'Sso far unsuccessful for most of the reactions studied, as it was
P g shown that the first step of the process was a reduction of

Complexes was the foute involving CH actvation. and therefore P10 PA(O). s leading to nanopariles that very likely
P 9 ' Iprovided the active speciék;’* Notable exceptions to this

this reaction was and still is considered as an important model p o - ior are the aza-Claisen rearrangements, for which Pd(ll)
for the CH activation of hydrocarbons by transitions metals. : 20

L ; catalysts are requiréd:
Several applications of this class of compounds such as the use
of cyclometalated compounds as chiral auxiliaries or as me-  (3) bupont, J.; Consorti, C. S.; SpencetChem. Re. 2005 105, 2527
sogenic and photoluminescent compounds, as well as their2571. ‘ o
potential use in biology, contributed significantly to the popular- ., (4) Herrmann, W. A.; Bohm, V. P. W.; Reisinger, C..P.Organomet.

' . A Chem.1999 576, 23—41.
ity of this research theme. Palladium is without any doubt the — (5) bupont, J.; Pfeffer, M.; Spencer,Bur. J. Inorg. Chem2001, 1917

1927.
* Corresponding authors. E-mail: pfeffer@chimie.u-strasbg.fr; barloy@ (6) Bedford, R. B.Chem. Commur2003 1787-1796.
chimie.u-strasbg.fr. (7) van der Boom, M. E.; Milstein, DChem. Re. 2003 103 1759
T Laboratoire de Syntlses Méallo-Induites. 1792.
* Service Commun des Rayons X. (8) Singleton, J. TTetrahedron2003 59, 1837-1857.
(1) For a general review article about cyclometalation see: Ryabov, A. (9) Bedford, R. B.; Cazin, C. S. J.; Holder, Doord. Chem. Re 2004
D. Chem. Re. 199Q 90, 403-424. 248 2283-2321.

(2) 2462 references were found in the database Scifinder using cyclo- (10) Beletskaya, I. P.; Cheprakov, A. \J. Organomet. Chen2004
metalation and orthometalation as keywords. Moreover, a large number of 689, 4055-4082.
review articles have been published on this topic. (a) Dehand, J.; Pfeffer,  (11) Farina, V.Adv. Synth. Catal2004 346, 1553-1582.

M. Coord. Chem. Re 1976 18, 327-352. (b) Bruce, M. IAngew. Chem., (12) Consorti, C. S.; Flores, F. R.; Dupont,JJAm. Chem. So2005

Int. Ed. Engl.1977, 16, 73. (c) Omae, |Coord. Chem. Re 1979 28, 127, 12054-12065.

97—115. (d) Omae, IChem. Re. 1979 79, 287—321. (e) Omae, ICoord. (13) Cassol, C. C.; Umpierre, A. P.; Machado, G.; Wolke, S. |.; Dupont,
Chem. Re. 198Q 32, 235-271. (f) Omae, ICoord. Chem. Re 1982 42, J.J. Am. Chem. So@005 127, 3298-3299.

245-257. (g) Constable, E. CPolyhedron1984 3, 1037-1057. (h) (14) Reetz, M. T.; de Vries, J. GChem. Commun2004 1559-
Rothwell, I. P.Polyhedron1985 4, 177-200. (i) Steenwinkel, P.; Gossage,  1563.

R. A.; van Koten, GChem—Eur. J.1998 4, 759-762. (j) Dunina, V. V.; (15) Weiss, M. E.; Fischer, D. F.; Xin, Z.-q.; Jautze, S.; Schweizer, W.
Gorunova, O. NRuss. Chem. Re2004 73, 309-350. B.; Peters, RAngew. Chem., Int. EQR00G 45, 5694-5698.
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Ruthenium complexes as catalysts or catalyst precursors are Chart 1
being increasingly studiett.Despite the fact that many cyclo-
metalated compounds involving ruthenium are known, there are ©\/NR2R3 NH, NH,
only a few examples of such complexes that were shown to be :
active catalysts, especially in the hydride transfer reacdof. R
We hav_e thus embarked on a project aimed at studying the 1R'=H, R2=R3 = Me 5 6
synthesis of new cyclometalated compounds of ruthenium, 2R'=R2=R3=H
rhodium, and iridium and their use as potential catalysts for 3R'=Me, R?=R*=H

. . . . 1= 2 — R3 =
organic reactions in which these metals are known to be 4RT=ELRP=R"=H

efficient. The existing cycloruthenated compounds were either ) )

poorly active and selective or active but not selective for the al-*"~** showed that even nonencumbered primary amines could
asymmetric reduction of ketones. We had thus to reinvestigate P& cyclopalladated by palladium acetate.

the cyclometalation reactions in order to get better catalysts than N marked contrast to palladium, ruthenium has been rarely
those known. In this paper we wish to disclose the synthesis Used with success for metalation of ligands with ar-sp
and the characterization of a series of cyclometalated Ru(ll), hybridized nitrogen atorfe"** The vast majority of the N-
Rh(1N), and Ir(Ill) complexes with primary amines. We have ~containing ligands with sphybridized nitrogen atoms are
already published preliminary data showing that some cyclo- heterocyclic compounds such as pyridine derivatives (quinoline

ruthenated compounds are good catalysts for the asymmetric®f imine). We found that |(>-benzene)RuGJ, was also a good
hydrogen transfer reacticd:2 starting material, as we described that the ready cycloruthenation

could be observed with either tertiary amines, pyridine, or
guinoline derivatived34°
We have now modified the established experimental condi-
Synthesis of Cyclometalated Complexeditrogen-contain- tions for cyclometalation of tertiary amines to achieve the
ing ligands have been cyclopalladated since 1968, but it was cycloruthenation of primary benzyl amines, by lowering the
long thought that a prerequisite for the reaction to take place amine/ruthenium ratio and the reaction temperature and by
was that the nitrogen had to be trisubstituted by alkyl or aryl increasing the reaction time. These modifications avoided the
groups3%31 The rational explanation for this was that the steric formation of byproducté® Thus, the treatment of 1 equiv of an
bulk of the substituents would weaken the-Rd bond to such amine2—6 (Chart 1) with 1 equiv of [Ruf8-CgHg)Cly], at room
an extent that the electrophilicity of Pd(ll) would remain high temperature (20°C) for 3 days led to the ruthenacyclic
enough to induce the substitution of a proton. An illustration complexes’—9, 11, and13 (Chart 2) with yields ranging from
of this was reported by Dunina et &.,who showed that  33% to 82% (Scheme 1). Under these conditions, we did not
secondary amines could be readily cyclopalladated at an aryldetect any byproduct where an extra chiral amine has substituted
substituent provided that the carbon atom bearing the NHR unit the acetonitrile ligand. Analysis of the crude reaction mixture
was tertiary (chiral). Later, Fuchita et %3¢ and Vicente et by IH NMR indicated a ca. 100% conversion of the amine to
the product. In spite of these almost quantitative conversions,

Results and Discussion

1251162)_'1“22%50“ C. E; Overman, L. B. Am. Chem. So@003 125 the isolated yields were lower because of the purification step
17) Kirsch. S. F.: Overman, L. E.: Watson, M. R.Org. Chem2004 by chro_matography over alumlr_lum oxide. Evidence for the
69, 8101-8104. metalation of the aryl unit was given by thel NMR spectra,

(18) Prasad, R. S.; Anderson, C. E.; Richards, C. J.; Overman, L. E. which showed the disappearance of one aromatic proton, and

Or%fg)ogqnedtglri%f085E2f1b27n_dgel'Y - Douglas, C. J.. Overman, L1 Bxrg also by the important high-frequency chemical shift of the CH

Chem.2005 70, 648-657. ortho to the Ru-C bond.

(20) Overman, L. E.; Owen, C. E.; Pavan, M. M.; Richards, GOxJ. It has often been speculated that the cyclometalation reaction
Lett. 2003 5, 1809-1812. inati

(1) Murahashi. S.IRuthenium in Organic Synthesiwiley-VCH: Is'hould take place after coordmanop of the heteroatom o.f the
Weinheim, 2004; p 383. igand to the metal center (this was indeed demonstrated in the

(22) Dani, P.; Karlen, T.; Gossage, R. A.; Gladiali, S.; van Koten, C.
Angew. Chem., Int. E00Q 39, 743-745. (34) Fuchita, Y.; Tsuchiya, Hnorg. Chim. Actal993 209 229-230.

(23) Albrecht, M.; Kocks, B. M.; Spek, A. L.; van Koten, G. (35) Fuchita, Y.; Tsuchiya, H.; Miyafuji, Alnorg. Chim. Actal995
Organomet. ChenR001, 624, 271—-286. 233 91-96.

(24) Amoroso, D. J. A.; Yap, P. A,; Gusev, D. G.; dos Santos, E. N.; (36) Fuchita, Y.; Yoshinaga, K.; Ikeda, Y.; Kinoshita-Kawashimal.J.
Fogg, D. E.Organometallic2004 23, 4047-4054. Chem. Soc., Dalton Tran§997, 2495-2499.

(25) Baratta, W.; Da Ros, P.; Del Zotto, A.; Sechi, A.; Zangrando, E.; (37) Vicente, J.; Saura-Llamas, I.; Jones, P.JGChem. Soc., Dalton
Rigo, P.Angew. Chem., Int. EQ004 43, 3584-3588. Trans.1993 3619-3624.

(26) Baratta, W.; Bosco, M.; Chelucci, G.; DelZotto, A.; Siega, K.; (38) Vicente, J.; Saura-Llamas, |.; Palin, M. G.; Jones, PJ.GChem.
Toniutti, M.; Zangrando, E.; Rigo, FOrganometallics2006 25, 4611~ Soc., Dalton Trans1995 2535-2547.
4620. (39) Vicente, J.; Saura-Llamas, |.; Ramirez de Arellano, MJ.GCChem.

(27) Baratta, W.; Chelucci, G.; Gladiali, S.; Siega, K.; Toniutti, M.;  Soc., Dalton Trans1995 2529-2533.
Zanette, M.; Zangrando, E.; Rigo, Rngew. Chem., Int. EQR2005 44, (40) Vicente, J.; Saura-Llamas, |.; Palin, M. G.; Jones, P. G.; Ramirez
6214-6219. de Arellano, M. C.Organometallics1997, 16, 826-833.

(28) Sortais, J.-B.; Ritleng, V.; Voelklin, A.; Holuigue, A.; Smail, H.; (41) Vicente, J.; Saura-Llamas, |.; Cuadrado, J.; Ramirez de Arellano,
Barloy, L.; Sirlin, C.; Verzijl, G. K. M.; Boogers, J. A. F.; de Vries, A. H. M. C. Organometallic2003 22, 5513-5517.
M.; de Vries, J. G.; Pfeffer, MOrg. Lett.2005 7, 1247-1250. (42) Abbenhuis, H. C. L.; Pfeffer, M.; Sutter, J. P.; de Cian, A.; Fischer,

(29) Sortais, J. B.; Barloy, L.; Sirlin, C.; de Vries, A. H. M.; de Vries, J.; Ji, H. J.; Nelson, J. HOrganometallics1993 12, 4464-4472.
J. G.; Pfeffer, M.Pure Appl. Chem2006 78, 457—-462. (43) Fernandez, S.; Pfeffer, M.; Ritleng, V.; Sirlin, Organometallics

(30) Cope, A. C.; Siekman, R. W. Am. Chem. Sod 965 87, 3272~ 1999 18, 2390-2394.
3273. (44) Koike, T.; Ikariya, T.Organometallic2005 24, 724-730.

(31) Cope, A. C.; Friedrich, E. Cl. Am. Chem. Sod.968 90, 909— (45) Ryabov, A. D.; Sukharev, V. S.; Alexandrova, L.; Le Lagadec, R.;
913. Pfeffer, M. Inorg. Chem.2001, 40, 6529-6532.

(32) Dunina, V. V.; Kuzmina, L. G.; Kazakova, M. Y.; Gorunova, O. (46) A substoichiometry of 1:2 in amine versus ruthenium was used in
N.; Grishin, Y. K.; Kazakova, E. [Eur. J. Inorg. Chem1999 1999 1029- order to avoid the coordination of a second amine at the ruthenium center
1039. taking place after the cyclometalation has occurred. When this adduct was

(33) Fuchita, Y.; Tsuchiya, H?olyhedron1993 12, 2079-2080. formed, we were not able to separate these two cycloruthenated complexes.
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Chart 2
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Scheme 1
o oH Figure 1. ORTEP style plot of compount5. Thermal ellipsoids
@\ Van CH3CN, NaOH _RumneeH are drawn at the 50% probability level, and hydrogen atoms are
R“\/ * KPF, RT. 72h, Ar c kW : omitted for clarity. Selected bond lengths [A] and bond angles [deg]:
o NH, ' (e Ru-N 2.164(2), Ru-Cl1 2.4114(7), Ru-Cl2 2.4191(7), Re-
PFg Centroid 1.651(3), NRu—CI1 89.35(7), N-Ru—CI2 82.74(7),
26 7.9 11,13 Cl1—Ru—CI2 86.80(3), N+-Ru—Centroid 128.57(15).

case of palladiufi-59). In a preliminary study® we have derivatives. Recently, Davies et?&lshowed that WS-CP*)-
checked that R)-1-(1-naphthyl)ethylamine reacts withnft IrCl;]> was a good starting material for the cyclometalauo_n_ of
CeHe)RUCH], in the absence of KRFand base to afford the PhCH_gNMeg. We have_checkgd that und_er the_ gengral conditions
N-monocoordinated complex5 in CH,Cl,. An ORTEP rep- descrlped for Ru(ll).v.\nth tertiary ben.zyllc aminésyiz., unoder
resentation of this compound and some key data are given inStoichiometric conditions (metal:amire1:1) for 4 h at 45°C,
Figure 1. Its conversion into the cationic speciés at room  tis ligand COUISd indeed be cyclometalated by botftCp*)-
temperature withi 2 h byabstraction of one chloro ligand with ~ RNCll2 and [(>-Cp*)IrCl] to afford 17 (68% yield) and20
a large excess of KRfin CD;CN was followed by NMR (Chart ~ (98% vield), respectively (Chart 3, Scheme 4).
2, Scheme 2). This species is related to the one that had been e reaction betweemi-Cp*)RhCh]; and3, using the same
postulated as the genuine intermediate formed prior to CH reactl_on co_nd|t|o_ns as thos_e used above for the cycloruthenation
activation by rutheniurd? Indeed, NMR signals characteristic ~ "€&ction with primary amines, afforded compoub8 (58%
of the cycloruthenated compléx arose upon addition of NaOH ~ Yi€ld). As for the ruthenium analogues, the protstho to the
after 72 h stirring at RT. Rh—-C bpnd was S|gqlflpar!tly shn‘ted. to h.|gher. frequgncy.
Following a similar procedure, we have synthesized the Exchanging the acetonitrile ligand forOhab!phasm_medlum
N-coordinated comple£6 from benzylamine and analyzed it (KCI/H20/CH.Cl) afforded the neutral chloride derivateyf¢
by X-ray crystallography (Chart 2, Figure 2). Comparison of Cp*)Rh(QH4CH(CH_3)NH2)CI], 19. )
the structures of5and16 shows that the rutheniurmitrogen The cyclometalation o8 by [(7>-Cp*)IrCl2], did not afford
bond is slightly shorter in6 (2.16 vs 2.12 A, respectively), @ Single reaction product, as the expectegd-[tp*)Ir(CeHaCH-
probably on steric grounds. The absence of the methyl group (CHINH2)(NCCHg)](PFs), compound?1, was mixed with >
on the benzylic carbon in6 did apparently not induce any ~ CP*)IN(CsHaCH(CH)NH2)(CeHsCH(CHs)NH)](PFe), in which
significant change in the orientation of the aryl group with @ Primary amine ligand has substituted the acetonitrile ligand
respect to the ruthenium center. For instance, the hydrogen atonflespite the very lovg:Ir ratio (0.5). This somewnhat disappoint-
at C4 does not present any specific interaction with CI2 in the INg result indicated that the free amirg coordinated the
X-ray structure ofl5. cycloiridated species faster (and most probably irreversibly) than
The acetonitrile ligand in compoun@s11, and13 could be any nqn-cyclometgllated |r|q|gm(lll) precursor. Hence it would
substituted in good yields (7880%) by a phosphine ligand Pe difficult to obtain a cycloiridated compound that would not
(Scheme 3), as was found recently for the corresponding contain a<’-N-coordinated amine.
cycloruthenated compounds obtained with tertiary amfhes. Tridimensional Structure of the Complexes. Like other
The successful cycloruthenation of primary amines encour- ruthenium, rhodium, and iridium half-sandwich complexes, the
aged us to try analogous reactions with Rh(lll) and Ir(lll) geometry of the metal is pseudotetrahedral in our metallacyclic
amines; its configuration is determined assuming the following
(47) Ryabov, A. D.; Sakodinskaya, I. K.; Yatsimirsky, A. K. Chem. decreasing priority sequence: #%{C¢Hg or #5-Cs(CHg)s), 2
Soc., Dalton Trans1985 2629-2638. (CHSCN or P(CH).Ph), 3 (NRR?), 4 (Caryl)-53'54 We have

19%8)1§h2""‘{$;5?2' E’é"’ttle' R.G.; Veal, J. T.; Doedens, Rindrg. Chem. endeavored to determine the tridimensional structures of com-

(49) Davies, D. L.; Donald, S. M. A.; Macgregor, S. A. Am. Chem.

Soc.2005 127, 13754-13755. (52) Davies, D. L.; Al-Duaij, O.; Fawcett, J.; Giardiello, M.; Hilton, S.
(50) Davies, D. L.; Donald, S. M. A,; Al-Duaij, O.; Macgregor, S. A.;  T.; Russell, D. RDalton Trans.2003 4132-4138.

Poelleth, M.J. Am. Chem. So@006 128 4210-4211. (53) Lecomte, C.; Dusausoy, Y.; Protas, J.; Tirouflet, J.; Dormond, A.
(51) Ritleng, V.; Bertani, P.; Pfeffer, M.; Sirlin, C.; Hirschingerdorg. J. Organomet. Chenl974 73, 67—76.

Chem.2001, 40, 5117-5122. (54) Brunner, HEnantiomer1997, 2, 133-134.
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Scheme 2
B 1 o+
‘ R
Ru., u
/' \"“c CDiCN /% “NCCD;| CDsCN
Me  _NH, ¢  ——» Mey _NH; CI
KPF4g NaOH
L _IPFg
15'
Scheme 3 Chart 3
C/RﬁL:WNCCHC’a . PNeph CH,Cl, C/Ru"""PMegF’h 5 1 M\\L
bNHZ RT. 4to18h, Ar &/NH2 L LR
PFg PFg ° R! PFe
1eq. 4eq.
8,11,13 10,12, 14 17 M=Rh, R' = H, R2=R® = Me, L = NCCHj3
) _ _ _ 18 M=Rh, R' = Me, R2=R%=H, L = NCCHj3
plexes 8—14 and 17—19, i.e., their configuration and the 19 M= Rh,R"=Me, R2=R3=H, L=Cl
conformation of the five-membered metallacycles, either in 20 M=1Ir, R' =H, R? = R®=Me, L = NCCH,

. . . e —Ir R = 2_R3=H L=
solution or in the solid stat®. Indeed, it is of paramount 21 M=1Ir, R"=Me, R®=R"=H, L = NCCH,

importance to know the accurate stereochemistry of the ruthe-

nium complexes in order to be able to rationalize their hydrogen Scheme 4 .
transfer catalytic activities and selectiviti®s.
Their solution NMR analysis showed a NOE effect between B@F& CH CHACN, KPFq 3?
the high-frequency aromatic proton H6 and tfebenzene or CI’M‘m\/‘ * C T | %, “NCCH;
n°-pentamethylcyclopentadienyl protons, which is characteristic 7z NR; ' bNRZ
of the existence of the metatarbon bond. M=Rh, Ir PFs
NMR analysis of the rhodium and iridium complexEsand 1,3 17,18,20,21

20 militated in favor of nonrigid enantiomers that interconvert

quickly into each other at room temperature by inversion of froze this interconversion, according to its variable-temperature
the configuration of the metal center. Thé and 13C{1H} IH NMR spectra. At 233 K, the Cisignal gave rise to an AB
NMR spectra recorded at RT showed two averaged singletspattern and the NMesignal was split into two singlets, as is
corresponding to the NMeand the CH signals. Lowering the  expected for diastereotopic Gldnd NMe groups. The energy
temperature of a solution of compléx’ from 298 to 233 K barrier was estimated as 54.9-kbl~! from the coalescence
of the methyl signal§’

ThelH—H ROESY spectrum of complek7 recorded at 233
K revealed that theSzr) enantiomer adopts a somewhat flattened
o conformation and, conversely, that tH&kf) enantiomer ist
as its mirror image (Scheme 5). This is shown in particular by
a strong NOE contact between one of the benzylic protons and
the Cp* protons.

The primary amine2—6 are chiral and consequently enan-
tiopure, and complexe8—14, 18, and19 exist as mixtures of
diastereoisomers havin®4,Sv) and Rc,Rv) configurations in
solution. The distinct signals of each diastereoisomer are
detectable in the RT NMR spectra of all complexes exd&pt
Indeed, it is necessary to lower the temperature to 233 K to
observe the narrow signal of the benzylic proton and the methyl
signals of both isomers di8; at room temperature they have
coalesced into broad signals.

Several elements of the NMR analysis provided accurate
informations about the conformation of the five-membered

(55) The conformations determined in solution and discussed hereafter
are the overwhelmingly major ones; it is of course possible that very minor
conformations exchanging rapidly coexist in solution.

(56) Noyori, R.; Yamakawa, M.; Hashiguchi, $. Org. Chem2001
Figure 2. ORTEP style plot of compound6. Thermal ellipsoids 66, 7931-7944. ] ] )
are drawn at the 50% probability level, and hydrogen atoms are __(57) The AG* value was calculated with the Eyring equatid®® =

. . . —1 i
omitted for clarity. Selected bond lengths [A] and bond angles [deg]: Eggﬁggﬁ]; 'gf Iv‘;{g’é)ivgn”;?énglg"m (TI_C{Z()KI)S 'tshéhdeiﬁt:r':r‘fce:‘it#rﬁ]e?:

RU_N_l 2.1287(17), RurCl1 2.4175(5), RerCl2 2.4068(5), Rer chemical shifts at low exchange temperature; the error is estimated to be
Centroid 1.649 (2), N*Ru—CI1 80.93(5), N+-Ru—CI2 83.33(5), +0.4 kImol™%; see: Guther, H.La Spectroscopie de RMMNlasson: Paris,
Cl2—Ru—ClI1 86.653(19), N+ Ru—Centroid 130.76 (10). France, 1993.
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Scheme 5. Conformations of Complex 17: (a) Front Views; Scheme 7. Diastereoisomers of Complexes (a) 10; (b) 11 (L
(b) Side Views = MeCN) and 12 (L = PMeyPh); (c) 18 (L = MeCN) and 19
(L =Ch2
. (Rc,Sy)-0 isomers (Rc;Rm)-A isomers
(Srn)-8 enantiomer (Rrn)-A enantiomer

a)

-—Z T

Ty Y ﬁ O? N m
Rh. _M° Me_Rn 3 Me @i’s‘
MeCN™ {E_’;‘_gH H%\l/é ~NCMe Ru |;| MezPhP\Ru/ Me
Me,PhP~ \Né “H
NS

Me Me - @

’ Q | ; @ b) OK\ H
K\‘H H'}? Me N
Rh Rh
VN EN /A Me

ju ol

H

@ Double arrows represent key NOE contacts. For the sake of clarity,

H
the positive charge of the complex has been omitted. c)
Me L\Rh/'il Me
Scheme 6. Conformations of the Five-Membered H oL

Rh
Metallacycles in Complexes 812, 18, and 19; R= Me or e \l!l H
Et; M = Ru or Rh i
§ conformation A conformation aDouble arrows represent key NOE contacts.
Scheme 8. Diastereoisomers of Complexes 8 (R Me) and
9 (R=EY)
"y K H %
z{wg Fg\6§§|§>%§ (Rc,Sru)-8 isomers (Rc,Rru)-A isomers
6 M
HoO® N
H
M RH N R @ H
s y R MeCN._ =N R
M /Ru ] Ra i
¢ H, MeCN™ "Swy H Hooy
Ha H %

H @5
metallacycles. They indicated that for all cyclometalated com- Scheme 9. Diastereoisomers of Complexes 13 & MeCN)
plexes (excepl3, which derived from R)-1,2,3,4-tetrahydro- and 14 (L = PMe,Ph)?
1-naphthylamine), viz., complexess, 9, 10, 11, 12, 18, and . .

19, the conformation is envelopé,(R group in axial position), (Rc,Sru)-A isomers (Rc,Ru)-A isomers

for one of the sterecisomers, whereas it is enveldgR, group

in equatorial position), for the other (Scheme 6). This could be
demonstrated with the help of Newman projections (Scheme
9), using a Karplus-like relationship applied to HCNH structural H H

units58-60 The ¢ conformation is characterized by (i) a very @\% L\%
low value of 3Jycnn (0—3 Hz) for the syn proton H, in Rlu ,!l ! R ,!|
agreement with a torsion angle close t0°;90i) a moderate é H
value of3Jycnn (4—7 Hz) for theanti proton H, indicative of ) Q\_/

a low torsion angle (generally a strong €EH, NOE effect is
also detected); (iii) for complexes 9, and10, a strong NOE

(58) Fraser, R. R.; Renaud, R. N.; Saunders, J. K.; Wigfield, YCa&h. a Double arrow represents a key NOE contact.
J. Chem.1973 51, 2433-2437.
c (SV\S;)) G}Lashir, E.; _Adin,.tl.; fﬂhijftag, D.;C ﬁhi, (fé;ggeéjgtsi% g—]l.VI79 4George, contact between the benzylic proton and H3, related with the
i u, K.-\M.] Froimowitz, J. 0rg. em 3 . i iti H
(60) Rey, A Pirmettis, I.: Pelecanou, M : Papadopoulos. M. Rapto- equatorial posmon of the former. Con_versely, t'he spectrogcopm
poulou, C. P.; Mallo, L.; Stassinopoulou, C. I.; Terzis, A.; Chioteliis, E.; data that are typical of a conformation are (i) a very high
Leon, A. Inorg. Chem2200Q 39, 4211-4218. value of 3Jycnns (10—12 Hz) and a weak or nonexistent
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Table 1. Characteristics of the Diastereomers of the Cyclometalated Complexes-84, 18, and 19

(Su) isomer Rv) isomer major/minor
compound conformation proportion (%) conformation proportion (%) isomer ratio
8v o 46 A 54 1.2
ob o 57 A 43 1.3
10° o 55 A 45 1.2
11° o 97 A 3 32
1z o 85 A 15 5.7
13 A 17 A 83 4.9
14 A 22 A 78 35
180e o 8 A 92 115
19 o 27 A 73 2.7

CH—Hs NOE effect, in agreement with a high torsion angle
close to 180; (i) a medium value of3JycnHa (5—6 HZz),
associated of a low torsion angle; (iii) for complex&®, and

10, a weak NOE contact between the axial benzylic proton and
H3.

For complexeslO, 11, and 12, we could unambiguously
determine the configuration of the diastereomer with the
conformation asg,, as shown by a key NOE contact between
the n%-arene protons and the benzylic methyl protonsim
1,3-diaxial position (Scheme 7). Consequently, the configuration
of the other diastereocisomerRy; in the case of comple%0,
it could also be identified by a NOE cross-peak between the
methyl belonging to the phosphine and the benzylic methyl.
Similarly, the major Rry) isomers ofLl8 and19in A conforma-

tions were characterized by strong NOE cross-peaks betweenFigure 3. ORTEP style plot of compoundR,Sx)-8. Thermal
5. * i H H . »oRU)-O.
the *Cp* proton signal and the benzylic proton signal. ellipsoids are drawn at the 50% probability level, and hydrogen

Unfortunately, such decisive NOE interactions were not aioms are omitted for clarity. Selected bond lengths [A] and bond
detected in the spectra of complex@sind 9. However, it is angles [deg]: RuCentroid 1.698 (6), RuN1 2.066(4), Re-N2
highly probable that thé diastereomer has th&{,) configu- 2.120(4), Ru-C6 2.064(4), N+-Ru—N2 85.6(1), N--Ru—C6 86.3-
ration, and thé diastereomer théRg,) configuration as depicted (1), N2-Ru—C6 78.2(2), N2-Ru—Centroid 132.59(4).
in Scheme 8, first because these compounds are akid and
second because this is in agreement with the crystallographic
data gide infra).

The complexed3 and 14 are exceptions within the family
of cycloruthenated primary amines. Obviously both diastereo-
mers must be in a constrainddconformation, because the
benzylic substituent is embedded in a six-membered ring
(Scheme 9) and is thus always equatorial. Unfortunately, many
signals of both complexes overlap, anetH coupling constants
could not be determined, as they had been with other complexes.
However, NOE contacts were found between CH andtt
not between CH and fiwhich is an indication in favor of the
A conformation. The majoiRg,) isomer ofl3was characterized
by a NOE cross-peak between th&arene proton signal and
the benzylic proton signal inis-1,3-diaxial position. No such
distinct cross-peak was observed in the ROESY spectrum of
its homologuel4, but it is probable that theRg,) isomer (also

characterized by X-ray diffractionjde infra) is also the major . . )
one. Figure 4. ORTEP style plot of one of the two inequivalent

. . molecules of R;,Sy)-12. Thermal ellipsoids are drawn at the 50%
The proportion of each diastereomer of compleged4, 18, probability level, and hydrogen atoms, §@nd substituents of

and19is reported Table 1, and will be discussed below. PMePh are omitted for clarity. Selected bond lengths [A] and bond
Single crystals of complexeB¢,Su)-8, (Re,Rru)-10, (Re,Sru)- angles [deg]: RuxCentroid 1.734(8), RutC4 2.068(7), Rut

12, and Rc,Rruy)-14 were analyzed by X-ray diffraction. Their N1 2.139(5), Rut+P1 2.3090(18), C4Rul—N1 77.7(2), C4

ORTEP representations are shown in Figures 3, 4, 5, and 6,Rul—P1 83.7(2), N*Rul-P1 88.81(16), N*Rul-Centroid

respectively. The following measured bond distances fall within 130.21(4).

the expected range: Rifcentroid of;8-CgHg) (1.70-1.74 A);

RU—Canyi (2.06-2.09 A); Ru-Namine (2.12-2.14 A); Ru-P Overall, these solid-state analyses confirm what we had
(2.31-2.32 A)81 observed by NMR for these complexes in solution. The

conformation of the five-membered ruthenacycles is envelope;
(61) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D.  the carbon atoms and the metal atom are nearly coplanar, with
G.; Taylor, R.J. Chem. Soc., Dalton Tran$989 S1—S83. very small Ru-Caryi—Caryi—Coenzy torsion angles (absolute
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Figure 5. ORTEP style plot of compoundr{,Rr,)-10. Thermal
ellipsoids are drawn at the 50% probability level, and hydrogen
atoms, PE, and substituents of PMeh are omitted for clarity.
Selected bond lengths [A] and bond angles [deg]:—Rentroid
1.734(6), Ru-C8 2.070(4), RerN 2.133(3), Ru-P 2.3165(10),
C8—Ru—N 78.08(15), N-Ru—P 90.99(10), C8& Ru—P 85.48(11),
N—Ru—Centroid 127.83(3).

Figure 6. ORTEP style plot of compoundr{,Rr,)-14. Thermal
ellipsoids are drawn at the 50% probability level, and hydrogen
atoms, PE and substituents of PMeh are omitted for clarity.
Selected bond lengths [A] and bond angles [deg]:—Rentroid
1.744(9), Ru-C15 2.087(10), RuN 2.126(7), Ru-P1 2.313(2),
C15-Ru—N 78.0(3), C15-Ru—P1 84.6(2), N-Ru—P1 90.6(2),
N—Ru—Centroid 127.36(4).

values 2-6°), and the nitrogen atom deviates more or less from
that plane (absolute values ofCpenzyr—Caryi—Caryi @ngles:
19-30°). An (Sry) configuration is always associated withha
conformation of the ruthenacycle, and conversely Ray)
configuration is associated with & conformation. As a

Sortais et al.

Scheme 10. Comparison of Intramolecular Steric
Interactions in 4 or & Conformations in Complexes 8-12,
18, and 19; M= Ru, Rh; R = Me, Et; L = MeCN, PMe,Ph,
Cl; (a) (Rc,Su) Diastereomers; (b) Rc,Ru) Diastereomers

) A

R H
? /M\E @E arene\Mg;T%§
L H s’"

PMePh in12, 10, and14) is characterized by small-NRu—
Caryi—Caryi Or P—Ru—Caryi—Caryi angles (94-107).

Another common feature of the X-ray structuresl@f 10,
and14is the position of the substituents of the phosphine ligand
with regard to the ruthenacycle. Indeed, the phenyl group is
always located below the ruthenacycle, as illustrated by the low
values of the ¢sc—P—Ru—N torsion angles (346°) (see
Supporting Information). It may be due to favorable €idor
NH— interactions; it clearly indicates that there is no steric
hindrance between the phosphine ligand and the metallacycle.
This contrasts with the closely related complex®fCsHg)RU-
(CeHz-2-(R)-CHMe-NMe)(PMePh)+ derived from a tertiary
amine®! the Gyso—P—Ru—N angle reaches-177, indicating
that the phenyl group is repelled from the metallacycle (see
discussion below).

Overall, the NMR and X-ray analyses of the cycloruthenated
chiral primary amines reported in this paper are convergent.
They show that in general the envelope conformation of the
ruthenacycle is such that thy&-CsHg ligand lies in a pseudoaxial
position, whereas the acetonitrile or phosphine ligand is pseu-
doequatorial. Similarly, the Cp* ligand of the cyclorhodated
complexesl8 and 19 is also pseudoaxial. In other words, the
conformation of the Rc,Sv) diastereomer i and the confor-
mation of the Rc,Rv) diastereomer is.. Exceptions are the
minor (Re,Sky) diastereomers df3 and14, where the benzene
is forced in a pseudoequatorial position because of the con-
straining backbone of the tetraline ligand (Scheme 9).

We believe that the origin of this general rule is a strong
steric hindrance between the L ligand and the metallacycle in
the Rc,Sv)-4 and Re,Ru)-0 stereochemistries (Scheme 10). In
addition, this unfavorable interaction accounts for the higl)(

(Sru) ratios measured for complex&8 and 14 (Table 1).
It is striking that the reverse configuratiowonformation

consequence, the benzylic methyl is axial in the first case and associations, viz. Sw)-4 and Re.)-0, were found in previously

equatorial in the second. Moreover, theCgHs ligand always
lies in a pseudoaxial position; however, this position differs from
a true axial position, as revealed by the very large centroid
Ru—Caryi—Cary torsion angles (absolute values H125). By
comparison, in the crystal structures BE(Sky)-8 and Re,Sku)-

12, where the methyl group is also in axial position, the&yr—
ChoenzyrCary—Cary @angles reach-97° to —101°. Conversely,
the pseudoequatorial position of the L ligand (MeCN8n

reportedn®-arene cycloruthenated tertiary amir¥é82-67 Our

(62) Attar, S.; Nelson, J. H.; Fischer, J.; de Cian, A.; Sutter, J.-P.; Pfeffer,
M. Organometallics1995 14, 4559-4569.

(63) Attar, S.; Catalano, V. J.; Nelson, J. Brganometallics1996 15,
2932-2946.

(64) Gul, N.; Nelson, J. HPolyhedron1999 18, 1835-1843.

(65) Gul, N.; Nelson, J. HOrganometallics1999 18, 709-725.

(66) Hansen, H. D.; Maitra, K.; Nelson, J. thorg. Chem.1999 38,
2150-2156.
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interpretation for this latter case is that the repulsive interaction AG* = 84.04 0.4 kIJmol~L. For the reverse reaction, respective
between L and the ruthenacycle mentioned above is thenvalues of the rate constant and the energy barrier at 343 K were
overwhelmed by a stronger one between the methyls borne bydetermined as 1.0T$and 84.4 kdmol~1. Noteworthy, theAG*

the nitrogen atom and thgf-arene. value (79 kdmol™?) for related cycloruthenated tertiary amines
It is also believed that the higt&,)/(Rsy) ratios found for ~ is comparable to that determined here.

complexesl1andl12 (Table 1) are due to a destabilizing steric

interaction between the naphthyl backbone (at H7) and the Conclusion

equatorial benzylic methyl in the mindrR¢,)-6 isomer (Scheme

10). Conversely, in complex@9, and10, the steric interactions These results establish unambiguously thatdfteo-meta-

between the phenyl backbone of the amine and the R group inlation of benzyl amines by Ru(ll), Rh(lll), or Ir(ll) displays a
benzylic position [in the Rey)-4 isomer] and between R and high degree of chemo- and regioselectivity. This is remarkable
178-CeHs [in the (Szu)-0 isomer] must be of the same order of as, to our knowledge, no other process is known to functionalize
magnitude. This explains why the [major isomer]/[minor isomer] theortho position of the aryl ring of these ligands, which does
ratio is low for those compounds. If we now consider the Not require any protection of the amine function and which
cyclorhodated complexeB8 and 19, which are derived from occurs without epimerization of the chiral carbon center. The
the same amine (viz3) as the cycloruthenatesl and 10, the structure of these compounds is also remarkable both in solution
75-Cp* ligand is bulkier thary8-CeHs; therefore the $xp)-0 and in the solid phase, as it reflects the small size of the NH
isomer is destabilized and its proportion is rather low (respec- unit as compared with the NMemnit. This induces a pseudoaxial
tively 8% and 27%). position for ther®-arene ligand in the former complexes instead
Configurational Stability of Cyclometalated Primary of_a ps_eudoequatorial positiqn for the latter cor_nplexes. The
Amines. The coalescence of severdd NMR signals of the ~ Orientation of the Nl group will be of paramount importance
rhodium complex18 between 233 and 298 Kuifle supra in order to rqtlonallze the catalytic selectivity for the reduction
indicated that its diastereoisomers rapidly exchange at room ©f ketones displayed by these compleXs.
temperature. However, the RT NMR spectra of the cycloruth-
enated complexe8—14 and of the cyclorhodated complé® Experimental Section
exhibited the well-resolved resonances of both diastereoisomers,
and therefore the question of their configurational stability at
the metal arose. TheR{¢,Rry)-8/(Rc,Sry)-8 ratio was 63:37 in
CDCls, whereas it was 54:46 in GBN. Adding DO to the
latter solution did not lead to disappearance of the NH signals.
A 13C CP-MAS NMR spectrum o8 with good resolution was aluminum oxide 90 standardized. The following commercial

recorded, which displayed the same number of resonances 8%eagents were used as received. AldricR)-(+)-1-phenylethyl-
the 13C{*H} spectrum; according to this spectrum, the diaster- ;mine 98% (96% ee)Rj-(+)-1-(1-na ;

1 ) phthyl)ethylamine (99%),
eomeric ratio was 53:47. Furthermore, a 2D phase-sensiive 1 3_cyclohexadiene, benzylamine, sodium hydroxide. Lancaster:
NMR ROESY experiment carried out at room temperature in (R-1,2,3,4-tetrahydro-1-naphthylamine-9% (99+% ee), R)-(+)-
CD4CN showed only negative NOE cross-peaks. Yet the same 1-phenylpropylamine 99% (ee 99-%), potassium hexafluoro-
NMR experiment carried out at 348 K showed positive exchange phosphate. Alfa Aesar:Rj-(+)-1-(1-naphthyl)ethylamine, ChiPros.
cross-peaks between the proton signals of each diastereomerAvocado: dimethylphenylphosphine. The compounds listed here-
These NMR data reveal that the diastereoisomer8 afe in after were synthesized following reported procedures: Ru(
equilibrium, which illustrates the nonrigidity of the chirality at  CsHg)Clz]2,"? [Ir(75-Cs(CHs)s)Clo]2,7® [Rh(175-CsMes)Clo]..72 The
the ruthenium through decoordination/recoordination of the NMR spectra were obtained at room temperature (unless otherwise
labile acetonitrile ligand®8 It is noteworthy that, according to  indicated) on Bruker spectrometets. NMR spectra were recorded
the ROESY spectrum, thenti NH, proton of a given isomer  at 300.13 MHz (AC-300), 400.13 MHz (AM-400), or 500.13 MHz
selectively exchanged only with thanti NH, proton of the ~ (ARX-500) and referenced to SiMe*C{*H} NMR spectra
corresponding isomer; conversely, #y@NHs protons exchange (broadband decoupled) were recorded at 75.48 MHz (AC-300),
selectively. This indicates that no inversion of the N atom is 100.62 MH321 (AlM-400), or 125.76 MHz (ARX-500) and referenced
taking place during the process and thus that the, Nhit to SiMe,. *P{*H} NMR spectra (broadband decoupled) were
remains coordinated to the Ru atom during the fast epimerization "ecorded at 121.51 MHz (AC-300) or 202.46 MHz (ARX-500) and
process of the organoruthenium compound. A similar behavior referenced to 85% aqueougitQ,. For variable-temperature specira,

was found for cycloruthenated tertiary amine derivatifesnd tcr;?it‘;)rr;tbe% t\?vri?ﬁ 2a;u;§];vr?; C(?Or\]:lr?gﬁfuegﬁj 3::‘) Eé—rvt;l'chCE(r?eumlt col
thelH ROESY spectrum of9 recorded at RT in CECN also P y g

. . high temperature) NMR tube. The NMR assignments were
displayed such selective exchange cross-peaks. The exchang upported by COSY, NOESY, or ROESY spectra or irradiations

rates related to the epimerization 8fwere determined by ¢, 14 NMR. and DEPT-135and/or HSQC, HMQC, and HMBC
performing a selective inversierrecovery experiment in - gpacira for3C{*H} NMR. For the adopted numbering scheme, see
CDsCN at 343 K on the methyl protons at 1.22 and 1.46 §pm.  Charts 2 and 3. Multiplicity: s singlet, d= doublet, t= apparent

A rate constant of 1.17% 0.06 §1 is estimated for the (mlnor trip|et’ m= mu|tip|et, br= broad signaL = quadrup|et, sepF

isomer)— (major isomer) conversion, which corresponds to septuplet. ES-MS spectra and elemental analyses were carried out

Experiments were carried out under an argon atmosphere using
a vacuum line. Diethyl ether and pentane were distilled over sodium
and benzophenone, dichloromethane and acetonitrile over calcium
hydride, and methanol over magnesium under argon immediately
before use. Column chromatography was carried out on Merck

(67) Hansen, H. D.; Nelson, J. HDrganometallics2001, 20, 5257 (70) Alonso, D. A.; Brandt, P.; Nordin, S.; Andersson, PJGAm. Chem.
5257. S0c.1999 121, 9580-9588.
(68) Robitzer, M.; Ritleng, V.; Sirlin, C.; Dedieu, A.; Pfeffer, \T.. R. (71) Petra, D. G. |.; Reek, J. N. H.; Handgraaf, J.-W.; Meijer, E. J,;
Chim.2002 5, 467—472. Dierkes, P.; Kamer, P. C. J.; Brussee, J.; Schoemaker, H. E.; van Leeuwen,
(69) The rate constants were determined by using a selectiVepli&e. P. W. N. M.Chem=Eur. J.200Q 6, 2818-2829.
For closely related experiments see: Barloy, L.; Gauvin, R. M.; Osborn, J.  (72) Zelonka, R. A.; Baird, M. CCan. J. Chem1972 50, 3063-3072.
A.; Sizun, C.; Graff, R.; Kyritsakas, NEur. J. Inorg. Chem2001, 1699~ (73) White, C.; Yates, A.; Maitlis, P. M.; Heinekey, D. Nhorg. Synth.

1707, and references therein. 1992 29, 228-234.
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by the corresponding facilities at the Institut de Chimie, Univérsite

Sortais et al.

127.0 (C5), 124.1 (CKCN), 123.9 (C4), 122.9 (C3), 86.7%CeHe),

Louis Pasteur, Strasbourg, and at the Service Central d’Analyse68.1 (CH(CH,CHj)), 28.1 (CHCH,CHj3)), 8.8 (CH(CHCHj3)), 4.0

du CNRS, Vernaison.

[(WG-CGH6)RU(C@H4-2-CH2NH2)(NCCH3)](PF6) (7). To a sus-
pension of [Ruf’-CsHe)Cl2]2 (0.1 g, 0.2 mmol), NaOH (0.016 g,
0.4 mmol), and KP§(0.147 g, 0.8 mmol) in CECN (5 mL) was
added the amin2 (0.021 g, 0.2 mmol), and the mixture was stirred
at 20 °C under argon during 72 h. The resulting dark yellow
suspension was filtered over Celite, concentratedacug and
filtered over standardized AD; (12 x 3 cm) using CHCN as
eluent. A yellow fraction was collected and concentratedacua
The yellow residue was then redissolved in a minimum of,CH
Cly, and a yellow solid precipitated (0.031 g, 33% yield) upon
addition of n-pentane. Anal. Calcd for 8H;7FsN,PRu1/4CHs-
CN: C, 38.66; H, 3.71; N, 6.54. Found: C, 38.16; H, 3.79; N,
6.86. ES-MS:m/z (%) 327.0438 (41) [M}, 286.0161 (100) [M—
CH3CNJ*. *H NMR (300 MHz, CxCN, 300 K): 6 7.81 (d, H,
H6, 3Jyy = 7.8Hz), 7.02-6.87 (m, 3H, H5+ H4 + H3), 5.57 (s,
6H, 75-CsHg), 4.99 (br, 1H, NH), 3.92 (m, 1H, CH), 3.60-3.80
(m, 2H, NH, + CHy). 13C{*H} NMR (75 MHz, CD;CN, 300 K):
166.0 (C1), 148.7 (C2), 139.9 (C6), 127.0 (C5), 124.2 (C4), 121.8
(C3), 87.4 #%-C¢Hg), 55.6 (CH).

[(75-CeHe)RuU(CeH4-2-(R)-CH(CH3)NH2)(NCCH3)](PF¢) (8).
The procedure was the same as Tor[Ru(75-CsHe)Cly]» (2.04 g,
4,12 mmol), NaOH (0.33 g, 8 mmol), KBRF2.98 g, 16.1 mmol),
CHsCN (70 mL), and the chiral amin(0.51 g, 4.12 mmol) gave
after 3 days3 (1.5 g, 75% yield). Anal. Calcd for fgH1oFsN.PRu:
C 39.59, H 3.95, N 5.77. Found: C 39.10, H 3.96, N 5.18.
NMR (400 MHz, CxCN, 300 K): major isomer (54%Y) 7.75
(dd, 1H, H6,33yy = 7.3 Hz,*Jyy = 1.3 Hz), 6.87%7.05 (m, 2H,
H4 + H5), 6.82 (d, 1H, H33Jyy = 7.4 Hz), 5.55 (S, 6Hy®-CsHg),
5.43 (br, 1H, NH), 3.75 (dqd, 1H, CH3Jyy = 11.2 Hz,3Jyy =
6.6 Hz,3Jyy = 4.8 Hz), 3.08 (br, 1H, NFJ, 1.44 (d, 3H, CH, 33y
= 6.6 Hz); minor isomer (46%)y 7.83 (d, 1H, H6.3Jyy = 7.4
Hz), 6.877.00 (m, 3H, H3+ H4 + H5), 5.60 (s, 6H75-CeHg),
4.62 (br, 1H, NH), 4.25 (br, 1H, NH), 4.09 (qdd, 1H, CH3J4y =
6.7 Hz,3Jyy = 6.0 Hz,3Jyy = 3.2 Hz), 1.96 (s, 3H, CECN), 1.17
(d, 3H, CH;, 3Jyn = 6.7 Hz).13C{'H} NMR (100 MHz, CQ;CN,
300 K): major isomer¢g 167.3 (C1), 150.1 (C2), 139.9 (C6), 127.4
(C5), 124.2 (C4), 122.9 (C3), 87.4%CeHg), 63.4 CHCHy), 21.7
(CHg); minor isomer, 164.1 (C1), 153.3 (C2), 140.1 (C6), 127.0
(C5), 124.2 (C4), 122.2 (C3), 87.4%CeHg), 60.1 CHCH), 23.1
(CHy).

[(75-CeHe)RU(CeH4-2-(R)-CH(CH ;CH3)NH2)(NCCH3)](PFe)
(9). The procedure was the same as#ifRu(5-CgHs)Cl,]» (0.500
g, 1 mmol), NaOH (0.08 g, 2 mmol), KRE0.74 g, 4 mmol), Ch+
CN (15 mL), and the chiral amin&(0.135 g, 1 mmol) gave after
3 days9 (180 mg, 36% yield). Anal. Calcd for {@H,1FsN.PRu
1/4CHCl,: C, 39.80; H, 4.16; N, 5.38. Found: C, 39.72; H, 4.26;
N, 5.79.1H NMR (500 MHz, CDC}, 300 K): major isomer (55%),
0 7.78 (dd, 1H, H63Jyy = 7.4 Hz,* )4y = 1.2 Hz), 7.16-7.01 (m,
1H, H5), 6.99 (td, 1H, H43Jyy = 7.4 Hz,*Jyy = 1.2 Hz), 6.94
(dd, 1H, H3,3Jyy = 7.4 Hz,*Jyy = 1.6 Hz), 5.59 (s, 6Hy5-CeHg),
4.29 (br d, 1H, NH, 234y = 11 Hz), 4.06 (br, 1H, NB), 3.94 (m,
1H, CH(CH.CHzy)), 2.25 (s, 3H), 1.53 (m, 1H, E,CHs), 1.47 (m,
1H, CH,CHj), 1.04 (t, 3H, CHCHg, 3Jyy = 7.4 Hz); minor isomer
(45%),0 7.73 (dd, 1H, H63Jyy = 7.3 Hz,*Jyy = 1.4 Hz), 7.16-
7.01 (m, 2H, H4+ H5), 6.87 (d, 1H, H33Jyy = 7.4 Hz), 5.58 (s,
6H, 75-CgHg), 5.21 (br, 1H, NH), 3.74 (m, 1H, G(CH,CHg)),
2.86 (brt, 1H, NH, 2Jyy = 3Juy = 11 Hz), 2.26 (s, 3H, CECN),
2.13 (m, 1H, ®,CHs), 1.68 (m, 1H, ®,CH3), 1.09 (t, 3H,
CH,CHg, 33y = 7.4 Hz).13C{*H} NMR (125 MHz, CDC}, 300
K): major isomer,0 163.2 (C1), 150.3 (C2), 139.1 (C6), 126.7
(C5), 124.1 (CHCN), 123.7 (C4), 122.6 (C3), 86.7%CsH¢), 65.7
(CH(CH,CHa)), 30.0 (CHCH.CHg)), 10.1 (CH(CHCHg)), 4.0
(CH3CN); minor isomer,0 165.8 (C1), 149.0 (C2), 139.1 (C6),

(CH3CN).

[(175-CeHe)RU(CeH 4-2-(R)-CH(CH3)NH)(P(CHa),Ph)](PFs) (10).
A yellow solution of8 (49 mg, 0.1 mmol) was stirred with P(GH+
Ph (0.059 mL, 0.4 mmol) in C}Cl, (4 mL) for 15 h at room
temperature. The resulting reaction mixture was dinecacuoand
washed withn-pentane (3x 5 mL) to remove excess P(G}FPh.
The yellow residue was then redissolved in a minimum o£Clk
(1 mL), and a yellow solid (45 mg, 78% yield) precipitated upon
addition ofn-pentane. Anal. Calcd for £H,7 FgNP,Ru-1/2 CH,-
Cly: C, 43.24; H, 4.52; N, 2.24. Found: C, 43.22; H, 4.61; N,
2.41. ES-MS:m/z (%) 438.0959 (100) [M- PR;]*. 31P{1H} NMR
(121 MHz, CDCl,, 300 K): major isomerg 16.18 (s, P(Ch)-
Ph), —143.13 (septiJpr = 710 Hz); minor isomeryp 16.83 (s,
P(CH),Ph), —143.13 (septiJpr = 710 Hz).'H NMR (300 MHz,
CD,Cly, 300 K): major isomer (57%})) 7.45-7.20 (m, 4H, H6+
Hm + Hp), 7.05-6.84 (m, 4H, H4+ H5 + H,), 6.72-6.58 (m,
1H, H3), 5.65 (d, 6Hy5-CeHe, 2J4p = 0.9 Hz), 3.80 (br d, 1H,
NHS, ZJHH =11 HZ), 3.42 (dq, 1H, ECHg, BJHH =7 Hz, BJHH =
6.9 Hz), 3.07 (br, 1H, Nb), 1.94 (d, 3H, P(€l3),Ph,2J4p = 9.6
Hz), 1.46 (d, 3H, P(Bl3),Ph,2Jyp = 9.9 HZz), 1.14 (d, 3H, CHHj,
8Jun = 6.9 Hz); minor isomer (43%)) 7.45-7.20 (m, 4H, H6+
Hm + Hp), 7.05-6.84 (m, 2H, H4+ H5), 6.72-6.58 (m, 3H, H3
+ Ho), 5.67 (d, 6H;5-CgHe, 3Jup = 0.9 Hz), 4.69 (br, 1H, N,
3.69 (ddq, 1H, GICHs3, 3Jyy = 11 Hz,3J4y = 7 Hz,3Jyy = 6 Hz),
2.05 (d, 3H, P(€l3),Ph,2Jyp = 9.3 Hz), 1.61 (d, 3H, P(83),Ph,
2Jyp = 10.2 Hz), 1.59 (br, 1H, N, 0.81 (d, 3H, CHEl3, 3Jyy =
6.3 Hz).13C{'H} NMR (75 MHz, CD,Cl,, 300 K): major isomer,
0 158.6 (s, C1), 153.2 (s, C2), 140.9 (d, Clzp = 4 Hz), 132.4
(d, G, {cp = 40 Hz), 130.9 (s, §), 130.1 (d, G, 2Jcp = 8 Hz),
129.3 (d, G, 3Jcp = 9 Hz), 126.4 (s, C4), 123.9 (s, C5), 122.5 (s,
C3), 90.3 (d,5-CsHe, Xcp = 3 Hz), 60.0 (S,CHCHg), 23.8 (s,
CHg), 18.3 (d, PCH3),Ph,1Jcp = 32 Hz), 15.7 (d, R§H3),Ph,1Jcp
= 35 Hz); minor isomerg 160.7 (s, C1), 150.0 (s, C2), 140.5 (d,
C6,%Jcp = 5 Hz), 131.1 (d, € WJcp = 40 Hz), 130.9 (s, §), 130.4
(d, G, Wep = 8 Hz), 129.3 (d, &, 3Jcp = 9 Hz), 126.6 (s, C4),
123.9 (s, C5), 123.3 (s, C3), 90.2 (gP-CsHe, 2Jcp = 3 Hz), 63.3
(S, CHCHg), 22.7 (S, CH), 19.2 (d, PCHg)zPh, lJCP = 32 HZ),
16.4 (d, PCH3)2Ph, 1J(;p =35 HZ)

[(75-CeHe)RU(C1dH-2-(R)-CH(CH 3)NH)(NCCH3)|(PFe) (11).
The procedure was the same as7oi[Ru(;5-CsHe)Cl]- (2.919 g,
5.8 mmol), NaOH (0.47 g, 11.6 mmol), KPF.3 g, 23.3 mmol),
CHsCN (87 mL), and the chiral aming (1.0 g, 5.8 mmol) gave
after 3 daysll (2.54 g, 82% vyield). Anal. Calcd for ggH21FeN2-
PRu1/4CHCN: C 45.12, H 4.02, N 5.78. Found: C 45.55, H
4.28, N 5.50.3P{1H} NMR (121 MHz, CDCN, 273 K): o
—143.30 (septiJpr = 690 Hz).'H NMR (300 MHz, CCN, 300
K): major isomer (97%)¢ 7.99 (d, 1H, H63J4y = 8.2 Hz), 7.79
(d, 1H, H10,3J44 = 8.0 Hz), 7.61 (d, 1H, H73J44 = 8.0 Hz),
7.54 (d, 1H, H53Jyy = 8.2 Hz), 7.39 (ddd, 1H, H&8J44 = 8.0
Hz, 34y = 6.8 Hz,*Jyy = 1.1 Hz), 7.30 (ddd, 1H, H$Jyy = 8.0
Hz, 34y = 6.8 Hz,%Jyy = 1.1 Hz), 5.67 (s, 6Hy®CeHg), 4.98
(dg, 1H, CHCHs, 33y = 6.9 Hz,3Jyy = 6.7 Hz), 4.73 (br d, 1H,
NHs, 2Jun = 11 Hz), 4.12 (br, 1H, Nk, 1.26 (d, 3H, CH, 3Jyn =
6.7 Hz); minor isomer (3%), 8.22 (d, 1H, H&8yy = 8.0 Hz), 5.61
(s, 6H,77%-CeHg), 1.39 (d, 3H, CH, 3Jyyq = 7.3 Hz).13C{*H} NMR
(125 MHz, CDQCN, 273 K): major isomery 164.9 (C1), 146.7
(C2), 139.2 (C6), 132.2 (C4), 129.1 (C5), 128.8 (C3), 126.4 (C8/
C9), 126.0 (C8/C9), 124.0 (C7/C10), 123.8 (C7/C10), 898 (
CeHs), 59.3 CHCH), 21.5 (CH).

[(17%-CeHe)RU(C1He6-2-(R)-CH(CH 3)NH,)(P(CHa),Ph)](PFe) (12).
The procedure was the same as16r11 (0.2 g, 0.37 mmol) and
P(CHs),Ph (0.2 mL, 1.44 mmol) gave after 1512 (0.18 g, 76%
yield). Anal. Calcd for GgHooFsNP,RW-1/4CH,Cl,: C, 48.23; H,
4.55; N, 2.14. Found: C, 48.28; H, 4.52; N, 2.43. ES-M8&/z
(%) 488.1120 (100) [M— PR ™. 31P{*H} NMR (121 MHz, CD-
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Cly, 300 K): major isomer, 16.48 (s, P(GHPh), —143.10 (sept,
1Jpe = 710 Hz); minor isomer, 15.80 (s, P(@kPh),—143.10 (sept,
1Jpr= 710 Hz).1H NMR (300 MHz, CB,Cl,, 300 K): major isomer
(85%),0 7.79 (d, 1H, H103J4y = 7.5 Hz), 7.57 (dd, 1H, HBJun
= 9.0 Hz,"J4p = 0.6 Hz), 7.53 (d, 1H, H53Jyy = 8.4 Hz), 7.39-
7.22 (m, 4H, H7+ H8 + H9 + Hy), 7.09 (td, 2H, K, 3Jyn = 7.8
Hz, 4Jup = 2.1 Hz), 6.72 (ddd, 2H, K 3Jyp = 9.0 Hz,3J4y = 8.4
Hz, 44y = 1.2 Hz), 5.73 (d, 6H#;®%-CeHs, 2Jpp = 0.9 Hz), 4.27
(dg, 1H, CHCHs3, 3Jun = 7 Hz,3Jyy = 6.6 Hz), 3.94 (br d, 1H,
NHg, 2y = 12 Hz), 3.04 (br, 1H, Nk, 1.97 (d, 3H, P(€l3),Ph,
2Jup = 9.3 Hz), 1.44 (d, 3H, P(83),Ph,2Jyp = 9.9 Hz), 1.26 (d,
3H, CHCH3, 3Jyy = 6.6 Hz); minor isomer (15%), selected data,
0 5.65 (d, 6H,75-CsHg, 3Jup = 0.6 Hz), 4.56 (m, 1H, ECHjy),
2.04 (d, 3H, P(€l3),Ph,2J4p = 9.3 Hz), 1.71 (d, 3H, P(B3),Ph,
2Jwp = 9.9 Hz), 0.90 (d, 3H, CHHj, 3Jyy = 6.6 Hz).13C{1H}
NMR (75 MHz, CD,Cl,, 300 K): major isomery 158.4 (s, C1),
146.5 (s, C2), 139.3 (d, C8Jcp = 4 Hz), 131.8 (d, G WJcp = 45
Hz), 131.4 (s, C4), 130.8 (s,,f> 130.0 (d, G, 2Jcp = 8 Hz), 129.2
(d, Gy, 3Jcp= 9 Hz), 129.0 (s, C3), 128.8 (s, C10), 126.3 (s, C8),
125.7 (s, C5), 123.8 (s, C9), 123.2 (s, C7), 90.4CsHe, 2Jcp
= 3 Hz), 58.9 (sSCHCHj), 22.0 (s, CH), 18.3 (d, PCH3),Ph,1Jcp
= 32 Hz), 15.8 (d, RCH3),Ph, XJcp = 35 Hz); minor isomer,
selected data) 91.0 (d,75-CgsHe, 2Jcp = 3 Hz), 24.5 (s, CH).
[(175-CeHe)RU(C1gH10-7-(R)-NH2)(NCCH3)](PF) (13). The pro-
cedure was the same as #{Ru(%-CsHg)Cl]» (0.2 g, 0.4 mmol),
NaOH (0.03 g, 0.8 mmol), KRf0.29 g, 1.6 mmol), CECN (6
mL), and the chiral aminé (0.058 g, 0.4 mmol) gave after 3 days
13(0.15 g, 70% yield). Anal. Calcd for fgH21FsPNoRU-1/2CHs-
CN: C, 42.90; H, 4.26; N, 6.58. Found: C, 42.85; H, 4.25; N,
6.55.'H NMR (400 MHz, CDC}, 300 K): major isomer (83%))
7.50 (dd, 1H, H63Jyy = 7.2 Hz,%Jyy = 0.7 Hz), 7.01 (td, 1H,
H5, 34y = 7.4 Hz,%Jyy = 0.7 Hz), 6.78 (dd, 1H, HA)y = 7.5
Hz, Juy = 1.0 Hz), 5.60 (s, 6Hp®CeHg), 5.24 (br, 1H, NH),
3.61 (m, 1H, H7), 2.67 (m, 1H, N§{ 2.80-2.60 (m, 2H, H10),
2.41 (m, 1H, H8), 2.24 (s, 3H, NCG}{ 1.97 (m, 1H, H9), 1.80
1.40 (m, 2H, H8+ H9); minor isomer (17%)9 7.85 (dd, 1H, H6,
33y = 7.3 Hz,%Jyn = 0.8 Hz), 7.02 (td, 1H, H53Juy = 7.5 Hz,
53wk = 0.8 Hz), 6.79 (dd, 1H, H&Jyy = 7.5 Hz,*Jyn = 1.0 Hz),
5.58 (s, 6H,75-CsHg), 4.67 (br, 1H, NH), 4.02 (br t, 1H, NH,
2Jun = 3Jpn = 10 Hz), 3.56 (m, 1H, H7), 2.862.60 (m, 2H, H10),
2.50-2.30 (m, 1H, H8), 2.30 (s, 3H, NCG} 2.10-1.90 (m, 1H,
H9), 1.80-1.40 (m, 2H, H8+ H9). 13C{'H} NMR (100 MHz,
CDCl;, 300 K): major isomerp 167.0 (C1), 145.5 (C2), 136.2
(C6), 135.2 (C3), 127.3 (C5), 124.3 (C4), 124.1 (CN), 87.0
(7%-CeHe), 65.6 (C7), 33.0 (C8), 27.6 (C10), 22.6 (C9), 4QH;-
CN); minor isomer 161.1 (C1), 146.0 (C2), 136.0 (C6), 135.0
(C3), 127.6 (C5), 124.6 (C4), 124.1 (@EN), 87.0 (°-CcHg), 66.0
(C7), 32.6 (C8), 28.0 (C10), 22.6 (C9), 4.0H3CN).
[(178-CeHe)RU(C10H 10-7-(R)-NH) (P(CH3).Ph)](PFe) (14). The
procedure was the same as fod. 13 (0.05 g, 0.1 mmol) and
P(CH;),Ph (0.057 mL, 0.4 mmol) gave after 1514 (0.048 g, 80%
yield). Anal. Calcd for GsH2dFsNP.Ru: C, 47.37; H, 4.80; N, 2.30.
Found: C, 47.72; H, 4.80; N, 2.35. ES-M3uw/z (%) 464.1116
(100) [M]*. 8P{1H} NMR (121 MHz, CDCl,, 300 K): major
isomer,0 16.97 (s, P(Ch),Ph), —143.16 (septiJpr = 710 Hz);
minor isomer,0 12.43 (s, P(Ch),Ph), —143.10 (septiJpr = 710
Hz). 'H NMR (300 MHz, CDCl,, 300 K): major isomer (78%),
0 7.43-7.32 (m, 1H, H), 7.30-7.14 (m, 3H, H6+ Hy,), 6.96 (t,
1H, H5,34y = 7.5 Hz), 6.72 (d, 1H, H43J4y = 7.5 Hz), 6.55
(ddd, 2H, K, 3Jyp = 3Jpn = 9.0 Hz,%J4y = 0.6 Hz), 5.68 (d, 6H,
7%-CeHs, 3Jup = 0.6 Hz), 4.59 (br, 1H, NH), 3.45 (m, 1H, H7),
2.50 (m, 1H, H10), 2.30 (m, 1H, H10), 2.06 (d, 3H, P{§,Ph,
2Jwp = 9.3 Hz), 1.90 (m, 1H, H8), 1.70 (m, 1H, H9), 1.61 (d, 3H,
P(CH3),Ph, 23y = 9.9 Hz), 1.58-1.38 (m, 2H, NH+ H9), 0.10
(m, 1H, H8); minor isomer (22%), selected daia].43-7.32 (m,
4H, H6 + Hy + Hp), 7.30-7.14 (m, 2H, H), 6.95 (t, 1H, H5,
3Jyy = 7.5 Hz), 6.72 (d, 1H, H43Jyy = 7.5 Hz), 5.58 (6H x°-
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CsHs, 2Jup = 0.6 Hz), 3.88 (br, 1H, NH), 3.56 (br, 1H, NH), 1.84
(d, 3H, P(CH3)2Ph,2JHp =93 HZ), 1.51 (d, 3H, P(Bg)zph,zJHp

= 9.6 Hz).13C{H} NMR (75 MHz, CD,Cl,, 300 K): major isomer,

0 161.7 (s, C1), 145.0 (s, C2), 137.9 (d, Césp = 5 Hz), 135.9
(s, C3), 130.9 (d, C1Jcp = 35 Hz), 130.8 (s, §), 130.5 (d, G,
2Jcp=11Hz), 129.2 (d, G, 3Jcp = 9 Hz), 126.8 (s, C5), 123.9 (s,
C4), 89.9 (sn®-CsHg), 65.6 (s, C7), 33.2 (s, C8), 27.9 (s, C10),
22.7 (s, C9), 19.3 (d, PH3).Ph,Jcp = 31 Hz), 16.3 (d, R¢H3),-
Ph,%Jcp = 36 Hz); minor isomer, selected data91.1 (s,75-CsHe),
59.8 (C7).

[(T]G-CGHG)RU((R)-l'CloH7'1'CH(CH3)NH2)C|2] (15) A sus-
pension of [{%-CegHg)RUCh]; (200 mg, 0.4 mmol) andR)-1-
naphthyl-1-ethylamine (137 mg, 0.8 mmol) in g, (30 mL) was
stirred at room temperature for 1 h. After concentration to ca. 10
mL in vacuqg an orange solid precipitated upon addition of pentane.
The product was collected on a frit and washed with pentane (235
mg, 70% vyield). Anal. Calcd for gH1gCILNRuU-1/3CHCl,: C,
48.97; H, 4.41; N, 3.12. Found: C, 49.01; H, 4.42; N, 2.86. ES-
MS: m/z (%) 386.0246 (100) [M— CI]*, 350.0467 (30) [M— H
— 2CII*. *H NMR (500 MHz, CDQCl,, 298 K): 6 8.17 (d, 1H,
H7, 334y = 8.5 Hz), 7.98 (dt, 1H, H1®Jyy = 8.0 Hz,*J4y = 0.5
Hz), 7.94 (d, 1H, H53Jy4 = 8.0 Hz), 7.76-7.67 (m, 2H, H8+
H1), 7.63 (dd, 1H, H63J,y = 8.0 Hz,3Jyy = 7.5 Hz), 7.60 (ddd,
1H, H9,3J4y = 8.5 Hz,3Jyy = 7.0 Hz,“Jyy = 1.5 Hz), 5.35 (m,
1H, CH), 5.16 (s, 6H5-CsHs), 3.79 (br, 1H, NH), 3.31 (br, 1H,
NH), 1.70 (d, 3H, CH, 3Jyn = 6.5 Hz).13C{*H} NMR (125 MHz,
CD.Cl,, 298 K): 6 139.1 (C2), 134.3 (C4), 130.5 (C3), 129.6 (C10),
129.0 (C5), 127.5 (C8), 126.6 (C9), 125.9 (C6), 122.9 (C1), 122.6
(C7), 82.7 {5-CgHg), 52.9 CHCHg), 26.7 (CH).

[(78-CeHe)RU((R)-1-C1oH7-1-CH(CH3)NH2)CI(NCCH33)]-
(PFe) (15). To a solution ofl5 (10 mg, 2.3x 107° mol) in CDs-

CN (0.6 mL) was added KRH10 mg, 5.4x 10°° mol). The
reaction was monitored biH NMR after 2 h stirring. NaOH (1
mg, 2.5 10° mol) was then added to the reaction mixture, and
typical NMR signals ofL1 arose after 3 day3H NMR (300 MHz,
CDsCN, 298 K): 6 8.10 (d, 1H, Hy, 3Jyn = 7.5 Hz), 7.98 (d, 1H,
Har, 3dun = 7.4 Hz), 7.92 (d, 1H, H, 33y = 7.8 Hz), 7.70 (d, 1H,
Hap, 3J4n = 6.7 Hz), 7.66-7.55 (m, 3H, H,), 5.69 and 5.68 (s, 6H,
n%-CgHs of both diastereoisomers), 4.96 (m, 1H, CH), 4.41 (br, 1H,
NH), 3.81 (br, 1H, NH), 1.70 and 1.65 (d, 3H, gtbf both
diastereoisomers$Jyy = 6.5 and 6.8 Hz).

[(#5-CeHe)RU(PhCH,NH,)CI,] (16). The procedure was the
same as forl5. [Ru(;8-CsHe)Cly]2 (0.05 g, 0.1 mmol) and the
benzylamine2 (0.021 g, 0.2 mmol) gave after 116 (0.05 g, 71%
yield). ES-HRMS: mvz calcd for G3zH15>°CIN19Ru 321.9936; found
321.99251H NMR (300 MHz, CQyCl,, 300 K): ¢ 7.45-7.31 (m,
5H, Haromatid, 5.60 (s, 6H5-CeHe), 4.24 (m, 2H, CH), 3.25 (br,
2H, NH,).

[(175-C5(CH3)s)Rh(CeH 4-2-CH2N(CH3)2) (NCCH3)I(PFe) (17).

To a suspension of [Rht-CsMes)Cl]» (0.368 g, 0.6 mmol), NaOH
(0.048 g, 1.2 mmol), and KRK0.44 g, 2.4 mmol) in CKCN (8
mL) was addedN,N-dimethylbenzylamine (180L, 1.2 mmol), and

the reaction mixture was stirred at 46 safe from light during 50

h. The resulting dark orange suspension was vigorously stirred with
20 mL of hexane during 2 h, in order to extract the residual free
amine. The CHCN layer was concentratdd vacuoand filtered
over standardized ADs (8 x 3 cm) using CHCN as eluent. An
orange fraction was collected and evaporateghcua The resulting
residue was redissolved in GEIN (2 mL), and diethyl ether (10
mL) was added to this solution to give an orange solid, which was
driedin vacuoafter standing for 18 h at15 °C (455 mg, 68%).
Anal. Calcd for GiH3FeNoPRh: C, 45.17; H, 5.42; N, 5.02.
Found: C, 44.36; H, 5.45; N, 5.344 NMR (300 MHz, CDxCN,

300 K): 6 7.50 (d, 1H, H6.23y = 7.5 Hz), 7.13-7.07 (td, 1H,

H5, 3Jyn = 7.2 Hz,*Jyy = 2.1 Hz), 7.06-6.96 (m, 2H, H3+ H4),
3.67 (s, 2H, CH), 2.64 (s, 6H, NMg), 1.96 (s, 3H, CHCN), 1.59

(s, 15H,75-C5(CHz)s). *H NMR (400 MHz, CBxCN, 233 K): 6
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Table 2. Crystallographic Data for 10, 12, and 14-16

Sortais et al.

10 12 14 15 16
formula GoHo7FsNPRuU GeHaoFsNP-RuU Co4H20FsNPoRU C18H19C|2NRU C13H150|2N Ru
fw 582.46 632.51 608.49 421.31 357.23
cryst syst monoclinic orthorhombic monoclinic orthorhombic orthorhombic
space group P2; P2,212; P2, P212:2; Pbcn
a, 8.1270(2) 10.9010(6) 8.7890(2) 10.3240(2) 13.0190(2)
b, A 16.4400(3) 21.6160(3) 12.4280(3) 10.6040(3) 11.0470(2)
c, A 9.1430(2) 22.4140(4) 11.6700(3) 15.3620(4) 18.3470(3)
o, deg 90 90 90 90.00 90.00
B, deg 101.7260(13) 90 91.3240(8) 90.00 90.00
y, deg 90 90 90 90.00 90.00
V, A3 1196.08(5) 5281.6(3) 1274.37(5) 1681.77(7) 2638.68(8)
z 2 8 2
Ocalca 9/CITP 1.617 1.591 1.586 1.664 1.798
u, mmt 0.846 0.773 0.798 1.245 1.569
F(000) 588 2560 616 848 1424
cryst size, mrh 0.12x 0.12x 0.10 0.10x 0.10x 0.08 0.12x 0.10x 0.09 0.12x 0.12x 0.10 0.12x 0.12x 0.10
0 range, deg 2.56 to 30.00 2.62t0 30.04 2.84 10 30.03 2.7510 30.08 2.66 to 30.03
index ranges —11<h=<11 —15<h=<15 —12<h=<12 —14<h=<14 —18<h=<18
—23=<k=22 —30=k=30 —17=<k=15 —14=<k=<14 —15=<k=15
-12<1=<12 —3l=<1=<31 —-16<1<16 —21=<1=<21 —25=<1<25
no. of reflns collcd 6774 15304 6853 4786 3850
no. of indep collcdRint 6774/0.0470 15 304/0.0320 6853/0.045 4357/0.04 3139/0.0208
completeness tlmax, % 99.8 99.7 99.7 99.5 99.9
no. of refined params 271 589 249 199 154
GOF (F? 1.039 1.020 1.038 0.937 0.896
R1(F) (I > 20(1)) 0.0435 0.0817 0.0642 0.0305 0.030
WR2(F?) (I > 20(1)) 0.1088 0.1437 0.1653 0.0651 0.0778
absolute struct param —0.06(4) —0.02(4) 0.03(8) —0.01(3)
largest diff peak/hole,-& 3 1.474/-0.959 1.738+0.966 1.009+0.981 0.796+0.900 1.087+0.996

7.47 (d, 1H, H63J.y = 7.4 Hz), 7.07 (td, 1H, H53Jy = 7.2 Hz,
4Jun = 1.6 Hz), 7.02-6.92 (m, 2H, H3+ H4), 3.75 (d, 1H, CH,
2Jun = 13.6 Hz), 3.53 (d, 1H, CH 2Jun = 13.4 Hz), 2.85 (s, 3H,
NMe), 2.36 (s, 3H, NMe), 1.56 (s, 15H;*>-Cs(CHg)s). 13C{H}
NMR (75 MHz, CD,CN, 300 K): ¢ 167.1 (d, G, }Jcrn = 30 Hz),
147.1 (s, ©), 136.3 (s, @), 128.2 (s, G), 124.8 (s, @), 123.5 (s,
Cg), 98.7 (d,775-Cs(CH3)5, 1\]CRh =6.6 HZ), 74.1 (S, Cb), 54.4 (S,
N(CH3)2), 9.6 (S,?]S-C5(CH3)5).

[(17°-C5(CH3)s)Rh(CeH 4-2-(R)-CH(CH3)NH2)(NCCH3)](PFe)
(18). To a suspension of [Rh$-CsMes)Cl,], (0.247 g, 0.4 mmol),
NaOH (0.03 g, 0.75 mmol), and KRFD.29 g, 1.57 mmol) in Ckt
CN (6 mL) was addedR)-1-phenylethylamine (5&L, 0.4 mmol),
and the reaction mixture was stirred atZDsafe from light during

Hz). 13C{*H} NMR (75 MHz, CD;,CN, 300 K): selected data,

136.8 (s, G), 128.4 (s, @), 124.8 (s, @), 123.3 (s, G), 97.7 (d,

7°%-Cs(CHa)s, Jcrn = 6.5 Hz), 60.4 (SCHCHjz), 22.3 (br, CH),

9.5 (s,77°-C5(CHa)s).
[(7°-Cs(CH3)s)Rh(CeH4-2-(R)-CH(CH3)NH)CI] (19). To a

suspension of [Rif-CsMes)Cl,], (0.368 g, 0.6 mmol), NaOH

(0.045 g, 1.12 mmol), and KRK0.433 g, 2.35 mmol) in CECN

(10 mL) was addedR)-1-phenylethylamine (77ZL, 0.6 mmol),

and the reaction mixture was stirred atZDsafe from light during

72 h. Acetonitrile was removead vacua The crude cycloruthenated

acetonitrile complext8 was dissolved in freshly distilled dichlo-

romethane and vigorously stirred during 30 min with 10 volumes

of a saturated aqueous KCI solution. The organic layer was

72 h. The resulting dark orange suspension was vigorously stirred separated, dried over MgQ@nd evaporateith vacua The residue

with 20 mL of hexane during 2 h, in order to extract the residual
free amine. The CBCN layer was concentrateth vacuo and
filtered over standardized AD3 (8 x 3 cm) using CHCN as eluent.
An orange fraction was collected and evaporatedacua The
resulting residue was redissolved in a mixture of;CN (0.5 mL)
and CHCI, (0.5 mL), and diethyl ether (10 mL) was added to this
solution to give an orange solid, which was driedvacuq after
standing for 18 h at-15 °C (152 mg, 68%). Anal. Calcd for
CooH2gFsN2PRN: C, 44.13; H, 5.18; N, 5.15. Found: C, 44.21; H,
5.10; N, 5.101H NMR (300 MHz, CxCN, 300 K): ¢ 7.47 (dd,
1H, H6,3J4y = 7.2 Hz,%Jyn = 1.3 Hz), 7.07 (t, 1H, H53J4y =
7.5 Hz), 6.99 (td, 1H, H4J4y = 7.5 Hz,*Jyy = 0.9 Hz), 6.85 (d,
1H, H3,3J4 = 7.5 Hz), 4.28 (br, 1H, NH), 3.96 (br, 1H,HICH3),
3.28 (br, 1H, NH), 1.67 (s, 15Hy5Cs(CHg)s), 1.48 (br, 3H,
CHCHg). 'H NMR (400 MHz, CCN, 233 K): major isomer
(92%), 0 7.41 (dd, 1H, H63Jyy = 7.2 Hz, %Iy = 1.6 Hz), 7.05

(t, 1H, H5,334y = 7.2 Hz), 6.97 (td, 1H, H43Juy = 7.2 Hz,%Jun

= 1.2 Hz), 6.81 (d, 1H, H33Jyy = 7.6 Hz), 4.40 (br, 1H, NH),
3.83 (dqd, 1H, EICH;, 3\]HH =11 HZ,3JHH =7 HZ,SJHH =6 HZ),
3.40 (t, 1H, NH3Jyy = 11 Hz), 1.62 (s, 15Hy5-Cs(CHg)s), 1.46
(d, 3H, CHCHgz, 3344 = 6.4 Hz); minor isomer (8%)y 7.45 (dd,
1H, HG,SJHH =7.6 HZ,4JHH =24 HZ), 7.00 (td, 1H, HS‘?\]HH =
7.2 Hz,*Jyn = 1.9 Hz), 6.92 (td, 1H, H43J4y = 7.5 Hz,%Jpn =
1.2 Hz), 6.88 (dd, 1H, H33J4y = 7.6 Hz,“ 4y = 1.9 Hz), 4.28
(br, 1H, NH), 4.16 (m, 1H, €CHg), 3.70 (d, 1H, NH_3Jyy = 8
Hz), 1.62 (s, 15H7°-Cs(CHs)s), 1.20 (d, 3H, CHEl3, 34y = 6.8

was filtered over standardized &); (8 x 3 cm) using CHCI,/
MeOH (95:5) as eluent. An orange fraction was collected and
evaporatedin vacua The residue was redissolved in dichlo-
romethane (0.5 mL), and pentane was added to give an orange solid
(200 mg, 42%). Anal. Calcd for gH,sNCIRh-1/4CHCl,: C,
52.82; H, 6.19; N, 3.37. Found: C, 53.13; H, 6.51; N, 3.56.
NMR (300 MHz, CDC}, 300 K): major isomer (73%)) 7.51 (d,
1H, H6,3J4y = 7.5 Hz), 7.09 (t, 1H, H53J4y = 6.9 Hz), 6.92 (td,
1H, H4,3)4y = 7.5 Hz,%Jyy = 1.2 Hz), 6.74 (d, 1H, H33J4y =
7.5 HZ), 3.92 (dqd, 1H, BCH3, SJHH =11 HZ,SJHH =7 HZ,SJHH
= 6 Hz), 3.24 (m, 2H, NH), 1.66 (s, 15H7;5-C5(CHy)s), 1.53 (d,
3H, CHCHj, 3Jyy = 6.6 Hz); minor isomer (27%)) 7.48 (m, 1H,
H6), 7.35 (m, 1H, H4 or H5), 7.03 (m, 1H, H5 or H4), 6.85 (m,
1H, H3), 4.28 (br, 1H, EICHg), 4.28 (br, 1H, NH), 2.60 (br, 1H,
NH), 1.69 (s, 15H#°-Cs(CHy)s), 1.27 (br, 3H, CHEl3). 13C{*H}
NMR (75 MHz, CDC}, 300 K): major isomer (73%])) 170.8 (d,
Cy1, Yecrn= 30 Hz), 148.8 (s, §, 136.9 (s, G), 127.9 (s, ), 122.9
(s, G), 121.7 (s, @), 94.4 (d,575-Cs(CHg)s, 1Jcrn = 6.6 Hz), 59.5
(s, CHCHg), 23.0 (s, CH), 9.6 (s, 7>Cs(CH3)s); minor isomer
(27%), selected data 152.8 (s, G), 136.7 (s, @), 127.9 (s, G),
122.9 (s, G), 120.9 (s, @), 94.7 (d,>-Cs(CHg)s, 1Jcrn= 6.7 Hz),
59.6 (s,CHCH), 25.4 (s, CH), 9.8 (s,7°-Cs(CHj3)s).
[(7°-Cs(CH3)s)Ir(C 6H4-2-CH2N(CH3),)(NCCH3))(PF) (20). To
a suspension of [I#-Cs(CHz)s)Cl,]» (0.120 g, 0.15 mmol), NaOH
(0.012 g, 0.3 mmol), and KRK0.11 g, 0.6 mmol) in CECN (4
mL) was addedN,N-dimethylbenzylamine (4L, 0.3 mmol), and
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the reaction mixture was stirred at 46 safe from light during 50 = 0.95 A, B(H) = 1.3 Beg). Final difference maps revealed no
h. The workup and crystallization conditions were the same as for significant maxima. All calculations were done using the SHELXL-
17. Yield: 113 mg, 58%. Anal. Calcd for£&H3oFsNoPIr: C, 38.94; 97 packagé?

H, 4.67; N, 4.33. Found: C, 38.94; H, 4.90; N, 3.7BL NMR

(300 MHz, CBxCN, 300 K): ¢ 7.52 (dd, 1H, H63J44 = 6.9 Hz, Acknowledgment. The authors are grateful to Christina
Iy = 1.5 Hz), 7.14 (d, 1H, H3B3Jyy = 7.2 Hz), 6.95-7.05 (m, Sizun and Roland Graff for NMR experiments (selective
2H, H4 + H5), 3.82 (s, 2H, Ch), 2.87 (s, 6H, N(CH),), 1.65 (s, inversions). We thank DSM (N.L.) and the Ministe de

15H, 7°5-Cs(CHg)s). 13C{*H} NMR (75 MHz, CD;CN, 300 K): 'Education Nationale (F) for fellowships (to N.P. and J.-B.S.,

150.1 (s, @), 148.5 (s, G), 135.8 (s, G), 127.9 (s, @), 124.5 (s, respectively) and the CNRS for partial support of this work.

Cs), 123.1 (s, G), 91.7 (5,55-Cs(CHs)s), 76.4 (s, CH), 55.7 (s,

N(CHs)2), 9.3 (s,%7°>-Cs(CH3)s). Supporting Information Available: Structural data of com-
X-ray Crystallography. Single crystals suitable for X-ray  plexes8, 10, 12, 14, section of ROESY spectrum and NMR

diffraction analysis were obtained by cooling a saturated solution inversion-recovery experiments on complé and an ORTEP

of CH,Cl, to —20 °C (16), by slow evaporation of a saturated Vview of complex10in PDF format. Crystallographic data in CIF

solution of CHCN (15), or by slow diffusion ofn-pentane into a format for 10, 12, and14—16 (for compound see ref 28). These

saturated solution in Ci€I, (9, 12, 14). The X-ray data were materials are available free of charge via the Internet at http://pubs.

collected on a KappaCCD diffractometer with Maxkgraphite- acs.org.

monochromated radiatiort (= 0.71073 A) at 173 K. Details of OMO060973T

data collection parameters and refinements results are listed in Table

2. The structures were solved using direct methods. Hydrogen atoms  (74) sheldrick, MSHELXL-97, Program for crystal structure refinement
were introduced as fixed contributors at calculated positiorsHC University of Gdtingen: Germany, 1997.




