Synthesis, properties, stereochemistry and crystal structures of diastereomeric
benzene—ruthenium(ir) complexes with a chiral salicylideneaminato ligand
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The reaction of [{Ru(n®-C¢Hg)Cl, },] with the sodium salt of (S)-N-(1-phenylethyl)salicylideneamine (HL-L)
in CH,Cl, led to a diastereomer mixture of (Rg,,Sc)- and (Sg,,Sc)-[Ru(n®-CHe)(L-L)CI] 1a and 1b, in a ratio
of 86: 14. Mediated by AgPF in acetone at —30 to — 35 °C, the chloride ligand in 1a/1b was substituted by 4-

methylpyridine (4Me-py), 2-methylpyridine (2Me-py) or triphenylphosphane (PPh;) to give the two
diastereomers 2a/2b of [Ru(n®-C4Hg)(L~L)(4Me-py)]PFj, the pure diastereomer 3 of [Ru(n®-C¢Hg)-
(L-L)(2Me-py)]PF and the two diastereomers 4a/4b of [Ru(n®-C¢Hg)(L-L)(PPhs)]PF¢. At room
temperature in [2HgJacetone, under equilibrium conditions, the diastereomer ratio 2a:2b was 67:33, 3 was
diastereomerically pure and the ratio 4a:4b was 93.4:6.6. Variable-temperature '"H NMR spectroscopy of
complexes 2a/2b and 4a/4b from — 80 °C to room temperature demonstrated configurational lability of the
ruthenium configuration. Since equilibration occurred during reaction and work-up, the ruthenium
configuration was not retained in the substitution reactions. Diastereomer 2a was obtained diastereomerically
pure by crystallisation. The diastereomers 4a and 4b were separated and examined by variable-temperature
NMR spectroscopy. The crystal structures of the (Rg,,S¢) diastereomer of complex 1 and of the
thermodynamically more stable (Rg,,S¢) diastereomers 2a and 4a” were determined by X-ray analysis. A
conformational analysis based on the NMR spectroscopic results showed that two main factors govern the
orientation of the 1-phenylethyl group relative to the [Ru(n®-C¢Hg)(L-L)L'] moiety (L' = Cl, 4Me-py, 2Me-
py or PPh,): (/) the face-on orientation of the phenyl substituent with respect to the n-bonded aromatic
benzene ligand and (if) the steric demand of the unidentate ligands with respect to the 1-phenylethyl group.

The elucidation of the stereochemistry of reactions of optically
active transition-metal complexes should be revealing in terms
of the mechanisms of chirality transfer in enantioselective
catalysis. Cyclopentadienyl transition-metal half-sandwich
complexes, in particular ruthenium compounds, have been
intensely studied.?3> Arene-ruthenium(ir) complexes have
aroused interest owing to their catalytic potential.* Recently,
preparative and stereochemical studies on (n%-p-cymene)ruth-
enium(u) complexes with (S)-N-(1-phenylethyl)salicylidene-
aminate (L-L) as a chiral chelating ligand and various
monodentate ligands were published in this and other
journals.>** Since some of the experimental results and
conclusions in these papers are definitely wrong we set out to
rectify them.®

In this paper we report on the synthesis, NMR spectroscopic
and chiroptical properties of [Ru(n®-C¢Hg)(L-L)CI] 1 and
chloride-substituted derivatives. The crystal structures of three
diastereomers were determined. Where appropriate, wrong
conclusions® are corrected in the text. A preliminary
communication’ containing part of our investigations and a
note! with regard to the previous publications® have been
published.

Experimental
Physical measurements and materials

Reactions were carried out under a nitrogen atmosphere using
the Schlenk technique. Cyclohexa-1,3-diene was obtained
from Janssen Chimica (now Acros Chimica), RuCl;:xH,0

+ Optically Active Transition Metal Complexes. Part 107.*

from Hereaus and as a donation from Degussa, triphenyl-
phosphane, 4- and 2-methylpyridine from Fluka, and AgPF4
from Johnson Matthey. The compounds [{Ru(n®-C¢Hg)-
CL,},]1® and (S)-(+)-N-(1-phenylethyl)salicylideneamine ®
were prepared by the literature methods. (S)-1-phenylethyl-
amine was a gift from BASF.

Elemental analyses were performed by the microanalytical
laboratory of the University of Regensburg. Mass spectra were
recorded with a Finnigan MAT 95 instrument by the field-
desorption (FD) method, "H NMR spectra with tetramethyl-
silane as internal standard on Bruker AC 250 and ARX 400
spectrometers. With the latter, *3C-{'H} and *'P-{'H} (85%
H;PO, as external standard) NMR spectra were measured.
Circular dichroism (CD) spectra were recorded with a JASCO
J-40 A spectrophotometer, and polarimetric measurements
were carried out with a Perkin-Elmer 241 instrument.

Preparations

[Ru(n®-CH)(L-L)CI] 1. Sodium hydride (163 mg, 6.79
mmol) was suspended in CH,Cl, (15 cm?). A solution of HL-L
(1.53 g, 6.79 mmol) in CH,Cl, (20 cm?) was added at 0 °C.
When hydrogen evolution had ceased, [{Ru(n®-C¢He)Cl,},]
(1.54 g, 3.09 mmol) and CH,Cl, (45 cm®) were added. After
stirring for 2 h at 0-5°C the dark red solution was filtered
through Celite and evaporated to dryness. The reddish residue
was washed twice with acetone-light petroleum (b.p. 40-60 °C)
(1:8), dried and dissolved in CH,Cl, (15 cm?). Upon addition
of acetone (30 cm?®) and light petroleum (90 cm?), crystallisation
immediately set in and was completed overnight at — 30 °C.
The red-violet, air-stable crystals, suitable for X-ray analysis,
were washed several times with acetone-light petroleum (1:1 to
1:5)and dried. Yield 2.03 g (4.63 mmol, 75%), m.p. 206-208 °C
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(decomp.) (Found: C, 57.50; H, 4.65; N, 3.25. Calc. for
C,,H,,CINORu: C, 57.45; H, 4.60; N, 3.20%). FD mass
spectrum (CH,Cl,): m/z 439.4 ({M]™, 100) and 404.3 ([M —
C1l*, 1%), referred to '°2Ru. In CDCl; and CD,Cl, solution
the product exhibits *H NMR signals for two diastereomers in
an 86: 14 ratio, determined by integration of the signals of the
n°-benzene ligand (Table 2). The following chiroptical
properties refer to the diastereomer mixture. [«}?2 (= 100«//c,
where « is the observed rotation in degrees, / is the path length in
dm and c is the concentration in g per 100 cm? solution) (¢ =
0.4, CH,Cl,): (589) 279, (578) —317 and (546 nm) —475. CD
data (¢ = 9.57 x 10™*mol dm3, 22 °C, CH,Cl,): A,,,..(Ag/dm?
mol™! em™) 305 (6.0), 375 (—10.8), 445 (—4.5), 530 (0.4); A,
329, 512 nm.

[Ru(n®-C,H)(L-L)(4Me-py)]PF, 2. (4Me-py = 4-methylpy-
ridine). The diastereomer mixture 1a/1b (177 mg, 0.40 mmol)
was suspended in acetone (30 cm?®) at —30°C. Addition of
AgPF¢ (103 mg, 0.40 mmol) resulted in a red-orange solution
and precipitated AgCl. After stirring for 1 h at —30°C, 4-
methylpyridine (0.059 c¢m?®, 57 mg, 0.60 mmol) was added.
Stirring the mixture for 30 min and filtration through Celite
gave a yellow-orange solution. The solvent was removed and
the residue was washed with light petroleum. The yellow solid
was recrystallised from acetone-hexane (11:5). Yield 223-235
mg (0.35-0.37 mmol, 87-92%) of red-orange plates, suitable for
X-ray analysis, m.p. 210-212 °C (decomp.) (Found: C, 50.65;
H, 4.15; N, 4.45. Calc. for C,,H,,F¢N,OPRu: C, 50.55; H,
4.25; N, 4.35%). FD mass spectrum (CH,Cl,): m/z 404.2
(cation — 4Me-py, 100%), referred to '°?Ru. At room
temperature in [?H¢]acetone solution the product exhibits 'H
NMR signals for two diastereomers in a 67:33 ratio, while in
CDCl, a ratio of 86:14 was found. The chiroptical properties
refer to the 67:33 diastercomer mixture. [«]*? (c = 0.4,
acetone): (589) +47, (578) +78 and (546 nm) +249. CD data
(c = 6.36 x 10* mol dm™3, 22°C, CH,Cl,): A,.(Ag/dm?
mol™! cm™); 285 (4.7), 320 (—9.4), 402 (— 17.0) and 457 (10.6);
Ao 296, 432 nm.

[Ru(n®-CH)(L-L)(2Me-py) 1PF, 3. Complex 3 was prepared
in the same manner as 2 and recrystallised from acetone-hexane
(10:9) at —25°C. Yield 929 of red, prismatic crystals, m.p.
205-208 °C (decomp.) (Found: C, 50.30; H, 4.15; N, 4.35. Calc.
for C,,H,,F¢N,OPRu: C, 50.55; H, 4.25; N, 4.35%). At room
temperature in [*Hg]acetone solution the product exhibits
'H NMR signals for only one diastereomer. Therefore the
chiroptical properties refer to the pure diastereomer. [«]?? (¢ =
0.4, acetone): (589) + 505, (578) +631 and (546 nm) + 1242.
CD data (¢ =6.36 x 10* mol dm?3, 22°C, CH,Cl,):
Amax(Ag/dm® mol™ cm™); 313 (—21.0), 365 (—15.4), 405
(—20.9) and 475 (21.0); A, 436 nm. The crystals transformed
into powder without decomposition at room temperature.

(RewyScsMppn ),  (ReySce:Pppn)-  and  (Sg,,So)-[Ru(n’-
CH)(L-L)(PPh,)]PF, 4a, 42’ and 4b. The synthesis of the
mixture of isomers 4a, 4a’ and 4b and the isolation and
characterisation of 4a and 4a’ with different triphenylphosphane
helicities but the same (Rgy,,Sc) configuration was described
previously.” The isolation of the thermodynamically unstable
diastereomer 4b with (Sg,,Sc) configuration was achieved as
follows. The diastereomer mixture 1a/ib (745 mg, 1.70 mmol)
and PPh; (534 mg, 2.04 mmol) were dissolved in CH,Cl, (120
cm?). Silver hexafluorophosphate (429 mg, 1.70 mmol) was
added to the red solution at —35°C, which was stirred for
2 h at —30 to —35°C. After cooling to —50 to —60 °C the
precipitated AgCl was filtered off through Celite. The solution
was concentrated below —30°C to approximately half its
volume. Then while stirring, light petroleum at —50 °C was
added about five times in portions of 5-10 cm? and then twelve
times in portions of about 10-15 cm?® until complete

1500 J. Chem. Soc., Dalton Trans., 1996, Pages 1499-1508

precipitation had occurred. After decantation, the resulting
orange precipitate was dried (yield 99%, analytically pure, 'H
NMR spectroscopy in [2HgJacetone at —50 °C shows 4a and
4b in a 1:1 ratio). The microcrystalline powder was stirred for
30 min with CHCl; (60 cm?) at —60 °C. The suspension was
then filtered through Celite and the insoluble residue washed
twice with cold CHCl; (ca. 10 cm?®). From the filtrate,
complexes 4a and 4a’ can be obtained after precipitation as
described.” FD mass spectrum of 4a (CH,Cl,): m/z 666.7
(cation, 100) and 404.3 (cation — PPh;, 279), referred to
102Ru. 3p(162 MHz, [2HJacetone, —45°C) —142.7 (1 P, spt,
! Jor 708 Hz, PF,) and 37.2 (1 P, s, PPhj). [«]!® (c = 0.08,
CH,Cl,): (589) — 1076, (578) — 1276 and (546 nm) —2072. CD
data (c = 2.34 x 107* mol dm™3, —21°C, CH,Cl,): A,
(Ag/dm3 mol™! cm™) 286 (3.1), 304 (5.2), 352 (—5.8), 393 (12.2)
and 443 (—14.5); A, 327, 369 and 414 nm. The residue after
filtration was dissolved in CH,Cl, (100-150 cm?3) at —60 °C.
Diastereomer 4b was precipitated at — 35 °C by slow addition
of cold light petroleum (200 cm?) in portions of about 10 cm?.
Decantation and drying gave an orange powder, almost
insoluble in CHCIl; and relatively stable towards air at room
temperature. Yield 462 mg (0.57 mmol, 679 with respect to the
1:1 diastereomer mixture 4a/4b), m.p. 205-206 °C (decomp.)
(Found: C, 57.45; H, 4.70; N, 1.95. Calc. for C;,H;F¢NO-
P,Ru: C, 57.80; H, 4.35; N, 1.75%). 'H NMR spectroscopy at
variable temperature (range — 80 to —20 °C) in [?H¢]acetone
showed that 4b was more than 99%, diastereomerically pure.
dp(162 MHz, [*H¢Jacetone, —80 °C) —142.7 (1 P, spt, ' Jp 709
Hz, PF) and 28.3 (1 P, s, PPh;). [«]73% (¢ = 0.08, CH,Cl,):
(589) —92, (578) —86 and (546 nm) —27. CD data (¢ =
3.21 x 10 mol dm™3, —35°C, CH,Cl,): A, (Ae/dm3 mol!
cm™) 350 (8.7), 395 (—19.5), 438 (6.8) and 548 (—0.3); A, 315,
370, 423 and 525 nm. Crystallisation of 4b (390 mg, 0.48 mmol)
from CH,Cl,-light petroleum (8:5) at —20 to 3 °C (cooling
bath warmed up in 63 h) resulted in the formation of red,
prismatic crystals of 4a”, suitable for X-ray analysis. Yield: 50
mg (0.06 mmol, 12%). The 'H NMR spectrum at —80 °C in
[2HgJacetone was identical with that of 4a and 4a’, respectively,
except the signal due to crystal-bound CH,Cl,.

Crystallography

The details of the crystal structure determinations are
summarised in Table 1. All structures were solved using a
combination of Patterson—Fourier and least-squares methods.

Data collection for complexes 1a, 2a and 4a”. Cell constants
for the three complexes were obtained from least-squares
refinement of the setting angles of 25, 27 and 24 centred
reflections in the ranges 4.0 < 20 < 26.0, 6.0 < 26 < 33.0
and 4.0 < 20 < 25.0°, respectively. The data were collected in
the w-scan mode and in all cases three standard reflections
were measured every 100. No profound loss of intensity was
observed. The data were corrected for Lorentz and polarisation
factors.

Structure solution and refinement. Complexes 1a and 4a”. The
absolute configurations were determined by refinement of the
least-squares variable n [ = 0.9(1) for 1a, —1.3(3) for 4a” with
the assumption of a (Sg,,Rc) configuration].'®!! Hydrogen
atoms were added in calculated positions with the option
HFIX of the SHELXTL PLUS program package.'® They
were included in structure-factor calculations but not refined.
Neutral atom scattering factors were used.!?

Complex 2a. The crystal which is assigned to the monoclinic
system was measured in the range 3.0 < 26 < 55.5° as
belonging to the triclinic system in order to obtain the Friedel
pairs. With the latter the absolute configuration was
determined. The refinement of the least-squares variable n for
a (Sgw,Rc) configuration gave a value of —1.0(1).1%!1 The
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subsequent procedure was as described for complexes 1a and
4a”.

Further details of the crystal structure determinations can be
requested from the Gesellschaft fiir wissenschaftlich-technische
Informationens, Fachinformationszentrum Karlsruhe, D-
76344 Eggenstein-Leopoldshafen, Germany, under the deposit
number CSD-59145. See Instructions for Authors, J. Chem.
Soc., Dalton Transactions, 1996, Issue 1.

Results and Discussion
Synthesis and characterisation of complexes 1a/1b

The reaction of the dimeric complex [{Ru(n®-C4Hg)Cl, },] with
the sodium salt of the chiral Schiff base (S)-N-(1-phenylethyl)
salicylideneamine, in CH,Cl, at 0 °C results in the formation
of a diastereomer mixture of [Ru(n®-C¢Hg)(L-L)Cl] 1a/1b
(Scheme 1). Crystallisation of the mixture gave air-stable, red-
violet plates of la, suitable for X-ray analysis (see below).
Solutions of these crystals in CDCl; as well as of the mixture
obtained before crystallisation exhibit at room temperature in
the 'H NMR spectrum the signals of both diastereomers la and
1b in a ratio of 86:14 (Table 2). A sample of the crystals of

[{RU(HS-CGHG)C|2}2]

218 ff
oprif PFe~

(Rru:Sc)-2a/3

Scheme 1
Only the diastereomers obtained pure in the solid state are shown

la dissolved in CD,Cl, at —80°C and measured at this
temperature showed the same diastereomer ratio of 86: 14 as at
room temperature. The major diastereomer 1a is characterised
by the high-field signal at 3 5.31 of the n°-benzene ligand. The
low-field signal at 8 5.45 corresponds to the minor diastereomer
1b. The diastereomer ratio is nearly the same as for the
corresponding n°-p-cymene complexes.®

Crystal structure of complex 1a

An X-ray analysis was performed for one of the crystals of
complex 1a. There are four independent molecules in the unit
cell, all of them with the same configuration. In Fig. 1 an
ORTEP *? view of one of the molecules is shown. Details of the
data collection and structure refinement are given in Table 1.
Atomic coordinates and selected bond distances and angles in
Tables 3 and 4, respectively. The chiral carbon atom of the
chelate ligand has the expected (S¢) configuration, while the
stereogenic ruthenium centre has the (Rg,) configuration,
specified with the priority sequence m°-CqH, > Cl > O
(L-L) > N(L-L).'*

Two independent single crystals of the same sample of
complex 1 showed the same unit-cell parameters and all the

+ 2 ONa

..",l".' f \“‘. -
PhoB 250 PFe

o T PPhs H  |PFg

(Sru:Sc)-4b

(i) Na(L-L), CH,Cl1,, 0-5 °C; (ii) acetone, — 30 °C, (a) AgPF, () 4- or 2-Me-py; (iii) CH,Cl,, —30 to — 35 °C, (a) PPh,, (b) AgPF,.
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crystals have a uniform shape, as confirmed with a microscope.
Therefore, we conclude that the crystals 1a, obtained in the
crystallisation step after the synthesis, only contain molecules
with (Rg,,Sc) configuration. On the other hand, the *H NMR
spectra at room temperature and at — 80 °C show the signals of
both diastereomers 1a and 1b in a ratio of 86: 14, indicating a
rapid change of the ruthenium configuration in solution, even
at —80 °C. Thus, the isolation of diastereomerically pure 1a by
crystallisation implies an asymmetric transformation of the
second kind.'® In contrast, the corresponding n°-p-cymene
complexes were erroneously reported to be configurationally
stable up to 70 °C in benzene.>® Moreover, the configurational
instability of the ruthenium configuration in (1°-arene)-
ruthenium chloro complexes with chiral amino acid anions as

) C@ S
) 4

Fig. 1 An ORTEP view of the crystal structure of diastereomer 1a
with atom numbering. Thermal ellipsoids represent 40%; probability
contours. Hydrogen atoms have been omitted for clarity

chelating ligands ascribed to the dissociation of the chloride
ligand and the formation of solvate complexes was already
known 15217 when refs. 5(a)-5(c) were published.

The thermodynamically more stable diastereomer in
solution, which is the major isomer showing the high-field 'H
NMR signal for the n°-benzene ligand, is assigned to complex
1a with (Rg,,S¢) configuration (Scheme 1). This assignment is
based on the conformational analysis given below.

The shape of complex 1a is determined by the orientation of
the 1-phenylethyl group with respect to the [Ru(n®-C¢Hg)(L-L)-
CI] moiety [rotation about the bond C(14)-N7]. In the crystal
structure, the hydrogen atom at C(74) is oriented towards the
chloride ligand at a distance of 2.82 A, smaller than the sum of
the van der Waals radii of H and C1.'® Another conformation-
determining effect is the attractive interaction caused by the
face-on orientation of the phenyl ring relative to the n°-benzene
ligand. In the thermodynamically more stable isomers of many
other transition-metal half-sandwich complexes the phenyl
substituents adopt a similar orientation relative to the n-bonded
arene ligand in the solid state.'®!® This conformation is
assumed to be retained in solution.!® The stabilising nature of
this interaction is called the ‘B-phenyl effect’!® and n—r edge-to-
face or T-shaped interaction.?%-!

Synthesis and characterisation of complexes 2a/2b and 3

The chloride ligand in complex 1 was abstracted in a slightly
different manner from that published (Scheme 1).° Crystalline
1a was suspended in acetone and AgPF¢ was added in an
equimolar quantity after cooling the solution to — 30 °C. This
resulted in the formation of a red solution and a precipitate
of AgCl. On addition of 4-methylpyridine or 2-methylpyridine
at —30°C there was a change in colour to yellow-orange.
Evaporation of the solvent and recrystallisation from acetone—

Table 1 Summary of crystal data, data collection and structure refinement“ for complexes 1a, 2a and 4a

b

1a
Elemental formula C,,H,,CINORu
M 438.92
Crystal system Rhombic
Space group P2,2,2, (no. 19)
a/A 9.347(3)
b/A 10.305(3)
c/A 19.40(2)
af°
7
,Y o
U/A3 1868.6
zZ 4
D /gcm? 1.56
F(000) 888
p/mm? 0.97

Crystal colour, shape

Crystal size/mm 0.05 x 0.25 x 0.90

hkl Ranges 0-14,0-15,0-28

26 Range/°® 3.0-60

Total unique reflections 3103

No. observed reflections (I > 2.5¢) 2404

Minimum, maximum transmission 0.89, 1.00
factors

No. reflections, 26 range/° for empirical 8,7.9-45.5
absorption correction

No. of least-squares parameters 227

Largest shift/e.s.d. in final cycle 0.02

AP riar APrmar/e A2 —0.51,0.50

R° 0.037

R/ 0.034

Red-brown, long plates

2a 4a”

C,,H,,F¢N,OPRu C,oH,F{NOP,Ru-CH,Cl,

641.56 895.65

Monoclinic Triclinic

P2, (no. 4) Pl (no. 1)

10.117(3) 9.799(2)

10.686(2) 10.379(4)

12.610(3) 10.831(4)
117.77(2)
98.36(2)
92.05(2)

1355.5 957.6

2 1

1.57 1.55

648 454

0.69 0.69

Red-orange plates
0.15 x 0.5 x 0.60
0-14, —15to 15, —17°to 17

Dark red prisms
0.25 x 0.45 x 0.90
0-14, —15t0 15, —15to 15

3.0-55.5 3.0-57.5
6389 4993

5613 4742

0.84, 1.00 0.90, 1.00
7,8.0-45.0 7,4.0-41.0
343 476

0.88 0.02¢
—0.59,0.70 —0.52,0.83
0.034 0.048

0.034 0.046

“ Syntex-Nicolet R3 diffractometer; Mo-K« radiation (A = 0.710 73 A); 293 K; graphite-crystal monochromator; MicroVAX Il computer. * (Rg,, Sc)-
[Ru(n®-CeHg)(L-L)CI] 1a, (Rgy,So)-[Ru(n®-CeHg)(L-L)(4Me-py)IPFs 2a, (Rgys Sc. Pren))-[Ru(n®-CsHe)(L-L)(PPh;)]PFe-CH,Cl, 4a”. © The
crystal which is assigned to the monoclinic system was measured in the range 3.0 < 26 < 55.5° as belonging to the triclinic system in order to obtain
the Friedel pairs for determination of the absolute configuration. ¢ Shift/e.s.d. .., = 0.2 for the PF anion. R = Z||F,| — |F|/EIF|.” R = Z|iF] —

IFwH/ZIE w?, w = 1/6*(F,).
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Table2 Proton NMR data for complexes 1a/1b, 2a (2b), 3, 4a/4a’/4a” and 4b*”

L-L

1.76/2.00 (3 H, d, *Jygy 7.0/6.9, CHCH,)
5.78/5.68 (1 H, q, *Jyy 7.0/6.9, CHCH,)
6.51/6.39 (1 H, ddd, 3/, 7.9, 6.9, *Jygy 1.1, H* of sal)*
7.00/6.93 (1 H, d, 3Jyy, 8.5, H® of sal)

7.03/6.78 (1 H, dd; 3Jygy 7.9, *Jy 1.8, H? of sal)
7.23/7.16 (1 H, ddd, 3y 8.5, 6.9, *Jyy 1.8, H® of sal)
7.30-7.67 (5 H, m, Ph of sal)

7.99 (1 H, s, N=CH)

1.86 (3H, d, 3/ 6.9, CHCH,)

6.54 (6.61) [1 H, ddd, 3J;34 7.9 (8.0), 7.0 (7.0), *Juu
1.1 (1.1), H* of sal]

6.65(6.09) [1 H, q, *Jyuy 6.9 (7.1), CHCH;]

7.02 (1 H, d, 3Jy, 8.6, H® of sal)

7.32 (1 H, dd, 3/ 7.9, *Jyy 1.8, H? of sal)

7.38 (1 H, ddd, 3/, 8.6, 7.0, *Jyy,, 1.8, H® of sal)
7.52-7.64 (6.99-7.16) (5 H, m, Ph)

8.57(8.43) (1 H, s, N=CH)

3 2.03(3H, d, >J,y 6.6, CHCH,)

6.38 (1 H, ddd, 3/, 7.8, 7.0, *Jyyy 1.1, H* of sal)
6.57 (1 H, q, *Jyyy 6.6, CHCHj;)

6.88 (1 H, d, 3J,4 8.7, H® of sal)

7.00 (1 H, dd, 3Jy; 7.8, *Ju 1.8, H? of sal)

7.20 (1 H, ddd, 3Jy 8.7, 7.0, *Jy, 1.8, H® of sal)
7.40-7.53 (5 H, m, Ph of sal)

8.25(1 H, s, N=CH)

0.73 (3 H, d, 3y, 6.7, CHCHS;)

5.26 (1 H, q, *Jyy 6.7, CHCH,)

6.70 (1 H, ddd, *Jyy; 7.8, 7.0, *Jyy 1.0, H* of sal)
6.79 (1 H, d, 3J,;, 8.6, H® of sal)

7.33(1 H, ddd, 3J,y 8.6, 7.0, *Jyy, 1.8, H5 of sal)
7.52-7.71 (1 H, m, H? of sal)*

8.47 (1 H,d, 3Jyp 1.7, N=CH)

7.52-7.71 (5 H, br m, Ph of sal)"

2.07(3H, brd, 3Jyy; 6.7, CHCH,)

5.40 (1 H, q, 3/, 6.7, CHCH,)

6.30 (1 H, ddd, *J,y 7.9, 7.0, *Jyyy 1.1, H* of sal)
6.71 (1 H, d, 3Jyy 8.6, H® of sal)’

7.01-7.11 (3 H, m, H? of sal + H,, of Ph of sal)
7.08 (1 H, ddd, 3J, 8.6, 7.0, *Jyy 1.8, H of sal)
7.25(1 H, m, H, of Ph of sal)

7.35(2 H, 3Jyy 7.4, H, of Ph of sal)’

7.62 (1 H,d, 3Jyp 2.1, N=CH)

Complex
1a/1b¢

2a (2b)°

4a/d4a’'d4a”’

4b?

n°-CeH, L
5.31/5.45
5.78 (6.12) 2.45(2.26) (3 H, s, CH3)

7.51(6.95) [2 H, dd, *Jyy 6.6 (6.7), *Jyuu 0.6
0.7), H3/H%]
8.70 (8.34) [2 H, d, 3Jyyy 6.6 (6.7), HZ/H®]

5.76 (br s) 2.95(3 H, brs, CHs)

7.17-7.22 (1 H, br m, H?)

734 (1 H, d, ;4 7.8, HY)

772 (1 H, dd, *Jyy 7.8, *Jygu 1.5, H¥)
8.80 (1 H, brs, H®)

5.66 (d, *Jy 0.3)  7.52-7.71 (15 H, br m, PPh,)"

6.411 6.00 (2 H, m, H,)
6.51 2 H, m, H,)

6.90 (1 H, m, H,)

7.63-7.71 3 H, m)
7.72-7.76 (2 H, m)
7.81-7.85 (4 H, m)
7.98 (1 H, m, H,)*

“[Ru(n®-C4H)L-L)CI] 1a/lb, [Ru(n®-CgH¢NL-L)(4Me-py)IPF, 2a/2b, [Ru(n®-CoHg)(L-L)2Me-py)IPFs 3, [Ru(m®-CH)(L-L)(P-
Ph,)]PF¢-CH,Cl, 4a”. In all cases the isomers denoted a are the major diastereomers in solution. Data given as 6 with J/Hz; s = singlet,d = doublet,
q = quartet, m = multiplet, br = broad; SiMe, as standard. Assignments in the cases of complexes 2a and 4a” on the basis of proton-proton and
—carbon two-dimensional correlation spectroscopy at —80 °C.* L' = Cl 1, 4-methylpyridine 2, 2-methylpyridine 3 or PPh; 4. ¢ At 250 MHz, solvent
CDCl,, 21 °C. “sal = Aromatic ABCD system (salicyl part) of the chelating ligand. ¢ At 400 MHz, solvent [?HJacetone, —80 °C; the data in
parentheses for diastereomer 2b were determined from the room-temperature spectrum. / At 400 MHz, solvent [?Hg]acetone, 21 °C, the signal for
the 1-phenylethyl methyl substituent is hidden by the solvent signal. # At 400 MHz, solvent [*H,Jacetone, —80 °C. * Signal is partially overlapped.
i3 J,p not determined due to line broadening. / “Jyy; not determined due to line broadening. * All the PPh; signals coalesce at ca. —20 °C on warming

the sample. ' AA’ part of an AA’BB'C system.

hexane (11:5 and 10:9, respectively) gave red-orange crystals
of [Ru(n®-C H)L-L)4Me-py)]PF¢ 2 and [Ru(n°-C¢H)-
(L-L)(2Me-py)JPF 3, respectively, suitable for X-ray analysis,
in about 909 yield.

The 'H NMR spectrum of complex 2 at room temperature in
[2Hg] acetone shows the presence of two diastereomers in a
67:33 ratio, assigned to 2a and 2b on the basis of the signals of
the 1°-benzene ligands at & 5.78 and 6.12 (Table 2). The high-
field shift of the signal of the major diastereomer 2a is again due
to the ‘B-phenyl effect’.!6-!° On dissolution of the crystals, used
in the X-ray analysis (see below), in [2H¢Jacetone at —80 °C,
"H NMR spectroscopy reveals the presence of only 2a. Thus,
there is an asymmetric transformation of the second kind**
during crystallisation of 2a/2b with regard to a change in the
configuration at the ruthenium atom to give pure 2a. The
kinetics of this change was followed by integration of the n°-
benzene NMR signals. The reaction is first order in the
concentration of 2a and the half-life t, at ~(35 £ 2) °C is
81.6 + 0.4 min. As a consequence, the ruthenium configuration

of the diastereomers 2a and 2b is unstable under the conditions
of the synthesis and it is impossible to decide whether
substitution of the chloride ligand occurs with retention or
inversion of the ruthenium configuration. Therefore, the
assignment of retention of stereochemistry upon chloride
substitution in the n°-p-cymene complexes is unjustified.!-3-°
Mandal and Chakravarty incorrectly assumed configurational
stability for the n®-p-cymene complex containing the 4Me-py
ligand.

The 'H NMR spectrum of the 2-methylpyridine complex
3 in [*Hglacetone shows at room temperature and at low
temperatures before and after recrystallisation only the signals
of one diastereomer. The similarities of the chemical shifts
compared to those of 2a, in particular that of the n°-benzene
ligand (see Table 2), prompts us to suggest that the
configuration of 3 is the same as in the thermodynamically more
stable isomer (Rg,,Sc)-2a. Interestingly, the signals of all the
hydrogens, which are influenced by a rotation of the 2-
methylpyridine ligand about the ruthenium-nitrogen bond, are
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Table 3 Positional parameters ( x 10*) for the complexes 1a, 2a and 4a” with their estimated standard deviations (e.s.d.s) in parentheses

Atom x y z
Complex la

Ru 8 753(1) 52(1) 7970(1)
Cl 7 175(2) 1 890(1) 8142(1)
O 8 644(5) 431(4) 6927(2)
N 6 819(5) —949(4) 7 846(2)
C(1) 9 630(8) ~1373(9) 8 677(5)
C(2) 9 509(9) —236(10) 9027(4)
C(3) 10073(11) 840(10) 8 766(6)
C4) 10 833(9) 871(9) 8 163(6)
C(5) 10 978(6) —357(10) 7 798(4)
C(6) 10 369(8) —1451(7) 8 069(5)
(7 8 162(7) —405(6) 6477(3)
C(8) 8 801(8) —437(6) 5 806(3)
C(9) 8254(8) —1219(7) 5299(3)
Complex 2a

Ru 9 556(1) 10 000 8332(1)
(0] 10 962(4) 8 619(4) 8 480(3)
N(1) 9865(3) 10 147(6) 6 709(3)
C(1) 8 450(10) 8 858(10) 9270(11)
C(2) 8940(7) 9 800(18) 9 891(5)
C(3) 8 631(10) 11 032(13) 9 517(10)
C4 7 835(10) 11 144(6) 8 574(10)
C(5) 7 384(6) 10 103(12) 8 025(5)
C(6) 7 694(8) 8 970(10) 8401(7)
C(n 11 929(4) 8472(4) 7 886(4)
C(8) 13 009(5) 7 681(5) 8 256(4)
C(9) 14 095(5) 7 561(6) 7 720(5)
C(10) 14 191(5) 8 190(6) 6 773(4)
C(11) 13 161(5) 8909(5) 6356(4)
C(12) 12017(4) 9072(4) 6 890(3)
C(13) 10932(4) 9763(4) 6351(3)
C(14) 8 858(5) 10 850(5) 5971(3)
C(15) 9 479(6) 11 635(5) 5 135(5)
C(16) 6 635(5) 10 486(6) 4 927(5)
Complex 4a”

Ru 5 000 5000 5000
P(1) 4 849(2) 6 522(2) 3899(2)
N 6 659(6) 6 450(7) 6 547(6)
O 3 678(5) 6338(6) 6 161(5)
C(1) 6 504(6) 7441(7) 7 784(7)
C2) 8 101(6) 6 326(8) 6 260(7)
C(3) 8 986(9) 7 787(10) 6798(11)
C@4) 6921(8) 8771(9) 4343(9)
C(5) 7 690(9) 10 089(10) 5156(11)
C(6) 7 474(10) 10 990(10) 6 486(11)
(6] 6429(9) 10 602(9) 7037(9)
C(8) 5 644(8) 9273(8) 6 208(8)
[&¢)) 5 889(7) 8 316(8) 4 875(7)
C(10) 4 547(9) 5751(8) 1007(7)
C(11) 5029(11) 5210(10) —276(8)
C(12) 6 301(10) 4701(10) —393(9)
C(13) 7 094(9) 4 634(10) 751(9)
C(14) 6 602(8) 5159(9) 2010(8)
C(15) 5365(7) 5737(7) 2 175(7)
C(16) 1941(7) 6 170(10) 3 464(8)
C(17) 626(9) 6 516(12) 3131(10)
C(18) 463(9) 7 689(13) 2 909(10)
Cc(19) 1 654(11) 8 568(12) 3056(10)
C(20) 2956(9) 8 240(10) 3392(9)
C21 3106(7) 7011(8) 3579(7)
C(22) 9 079(8) 5817(9) 8 305(8)
C(23) 9 944(10) 5093(10) 8 825(9)

Atom X y z

C(10) 7 089(9) —2013(7) 5417(3)
C(1n 6 473(7) —2023(6) 6 062(3)
C(12) 7 007(6) —1248(5) 6 604(3)
C(13) 6 323(6) — 1 348(5) 7 264(3)
C(14) 5920(6) —1116(6) 8 484(3)
C(15) 4 302(6) —967(7) 8 356(4)
C(16) 6 584(7) —2327(8) 9 538(3)
C(17) 6921(10) —3478(9) 9 881(4)
C(18) 6936(11) —4619(9) 9 546(5)
C(19) 6 597(10) —4 688(7) 8 871(6)
C(20) 6 240(8) —3 556(6) 8 510(3)
C(21) 6 266(7) —2377(5) 8 841(3)
C(17) 5 667(6) 9797(8) 4 384(5)
C(18) 5 827(6) 8 538(7) 4 322(5)
C(19) 6 928(5) 7 956(6) 4 870(4)
C(20) 7 889(5) 8 684(5) 5432(4)
C(21) 7 785(4) 9937(7) 5450(3)
N(2) 11 252(5) 11 202(5) 8 549(4)
C(22) 11 325(5) 12 259(4) 7 956(4)
C(23) 12 406(6) 13 046(5) 8092(4)
C(24) 13 471(6) 12 770(6) 8 846(5)
C(25) 13 383(5) 11 713(6) 9 436(4)
C(26) 12 285(5) 10 944(5) 9292(3)
C(27) 14 645(7) 13 694(8) 8 998(6)
P 11 870(1) 9 889(2) 2 634(1)
F(11) 10 711(6) 9 246(6) 3119(5)
F(12) 13 108(5) 10 477(5) 2 214(5)
F(13) 10 971(6) 11 003(5) 2 251(5)
F(14) 12 792(5) 8 774(4) 3021(4)
F(15) 11 481(6) 9 155(5) 1571(3)
F(16) 12 257(5) 10 551(5) 3722(3)
C(24) 10 613(9) 4009(11) 7971(12)
C(25) 10 405(9) 3 569(10) 6 519(10)
C(26) 9 575(8) 4313(9) 5996(9)
C(27) 8 891(7) 5454(8) 6 875(7)
C(28) 3909(7) 7 085(7) 7 545(7)
C(29) 2 787(7) 7 330(8) 8261(8)
C(30) 2935(9) 8 234(8) 9 706(8)
C(@31 4 257(10) 8 894(9) 10 494(8)
C(32) 5 368(8) 8 647(8) 9 852(7)
C(33) 5255(7) 7 723(7) 8 366(7)
C(34) 4363(14) 3212(10) 5472(10)
C(395) 3377(9) 3192(9) 4377(11)
C(36) 3753(9) 3058(9) 3157(9)
C(37) 5 185(9) 2993(8) 3030(8)
C(38) 6 147(9) 3043(9) 4 133(10)
C(39) 5767(12) 3 165(9) 5325(10)
P(2) —592(2) 1 403(3) 1502(2)
F(11) —1947(11) 1 548(18) 1 792(16)
F(12) -51(17) 1429(12) 2 888(9)
F(13) 851(10) 1 095(18) 1228(13)
F(14) —1028(22) 1 395(18) 174(11)
F(15) —474(23) 3009(10) 2323(12)
F(16) —810(14) —237(9) 746(13)
C(40) 1992(13) 740(12) 8 400(11)
Cl(1) 1 813(4) 136(4) 6617(3)
Cl(2) 3390(4) 2 062(5) 9 329(4)

broadened significantly at room temperature. These are the
signals for pyridine H® (8 8.80), CH of the 1-phenylethyl group
(8 6.57), n®-CqHg (8 5.76) and CH; of the pyridine ligand (8
2.95). The reason for this line broadening is the hindrance to
rotation. On cooling the sample to —80 °C, all the signals
split reversibly into signals for two atropisomers in a ratio of
54:46. By measuring the line broadening of the well sep-
arated signals of the imine protons above and below the
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coalescence temperature the free energy of activation for the
rotational process was determined 2 to be AG*= 44.5 + 0.5
kJ mol .

The conclusion from these results is that in the 2-
methylpyridine series only the diastereomer with (Rg,.Sc)
configuration 3a is stable. In the hypothetical diastereomer
(Sru»Sc)-3b, a conformation of the 1-phenylethyl group with a
face-on orientation of the phenyl substituent with respect to the
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Table 4 Selected bond lengths (A) and angles (°) for complexes 1a, 2a
and 4a” with e.s.d.s in parentheses

Complex 1a
Ru-O 2.062(4) Cl-Ru-O 87.6(1)
Ru-N 2.095(5) Cl-Ru-N 82.9(1)
Ru—Cl 2.424(3) O-Ru-N 86.5(2)
Ru-C(1) 2.171(9) Ru-0-C(7) 123.2(4)
Ru-C(2) 2.189(9) Ru-N-C(13) 124.6(4)
Ru-C(3) 2.138(11) O-C(7)-C(12) 123.6(5)
Ru-C(4) 2.153(9) C(7)-C(12)-C(13)  122.8(5)
Ru-C(5) 2.148(7)  N-C(13)-C(12) 126.8(5)
Ru-C(6) 2.1747) C(1)»-Ru-C(2) 36.3(4)
O-C(7) 1.307(7) C(1»-Ru—C(6) 36.8(3)
N-C(13) 1.287(7) C(2)-Ru-C(3) 35.7(4)
N-C(14) 1.505(7) C(3)»Ru-C(4) 37.2(4)
C(4)-Ru-C(5) 39.6(4)
C(5)-Ru-C(6) 36.9(3)
Complex 2a
Ru-O 2.044(4) O-Ru-N(2) 83.2(2)
Ru-N(1) 2.109(3) N(1)-Ru-N(2) 83.1(2)
Ru-N(2) 2.138(5) O-Ru-N(1) 88.2(2)
Ru-C(1) 2.103(12) Ru-O-C(7) 126.3(3)
Ru-C(2) 2.135(7) Ru-N(1)-C(13) 122.4(3)
Ru-C(3) 2.151(13) O-C(7)-C(12) 125.1(4)
Ru-C(4) 2.175(9) C(T-C(12-C(13)  122.3(4)
Ru-C(5) 2.193(6) N(1)-C(13)-C(12) 129.0(4)
Ru-C(6) 2.192(9) C(1>-Ru-C(2) 36.8(6)
0-C(7) 1.303(6) C(1)»-Ru-C(6) 34.4(4)
N(1)-C(13)  1.281(6) C(2}-Ru-C(3) 38.8(6)
N(1)-C(14) 1.505(6) C(3)-Ru-C(4) 36.9(4)
C(4)-Ru-C(5) 36.4(4)
C(5)-Ru-C(6) 35.2(4)
Complex 4a”
Ru-O 2.040(5) O-Ru-P(1) 82.7(2)
Ru-N 2.097(5) N-Ru-P(1) 90.3(2)
Ru-P(1) 2.379(3) O-Ru-N 88.2(2)
Ru-C(34) 2.234(12) Ru-0-C(28) 124.5(4)
Ru-C(35) 2.1919) Ru-N-C(1) 123.0(5)
Ru-C(36) 2.215(7) 0-C(28)-C(33) 122.7(6)
Ru-C(37) 2.218(7) C(1)-C(33)-C(28) 123.5(5)
Ru-C(38) 2.228(8) N-C(1)-C(33) 128.2(5)
Ru-C(39) 2.229(11)  C(34)-Ru-C(35) 37.1(4)
0-C(28) 1.306(8) C(34)-Ru-C(39) 36.8(5)
N-C(1) 1.290(8) C(35)-Ru-C(36) 36.2(4)
N-C(2) 1.487(9) C(36)-Ru-C(37) 37.6(3)
C(37)-Ru-C(38) 36.4(3)
C(38)-Ru-C(39) 35.1(4)

n%-benzene ligand would imply an orientation of the methyl
substituent towards the pyridine ligand, increasing the steric
hindrance.

Crystal structure of diastereomer 2a

An ORTEP view of the cation of diastereomer 2a is shown in
Fig. 2. Atomic coordinates and selected bond distances and
angles are given in Tables 3 and 4. The crystal structure
confirms the (S¢) configuration of the stereogenic carbon
centre. The configuration of the ruthenium centre was specified
using the priority sequence 1°%-C¢Hg > O (L-L) > N
(L-L) > N (4Me-py) and is (Rg,).!* There is a double change
in the priority sequence of the ligands in 2a compared to that
in 1a. Thus, the configurational symbols are the same. In the
n%-benzene complex 2a the ruthenium atom has the same
configuration as that in' the analogous n%-p-cymene complex,
the crystal structure of which has recently been published.! As
in the latter crystal structure, the bond between the pyridine
N(2) and Ru in 2a is 0.03 A longer than that between the imine
nitrogen N(1) and Ru.! The average of the bond lengths
Ru-C(1-6) is about 0.03 A shorter than that in the 1°-p-cymene
complex.! This is presumably due to the lower Lewis basicity of
the 1°-p-benzene ligand with respect to the dialkyl substitution
of the n®p-cymene ligand. Steric reasons may also be
responsible for this effect.?® The phenyl substituent of the

Fig. 2 An ORTEP view of the molecular structure of the cation of
diastereomer 2a with atom numbering. Hydrogen atoms and the PF
anion have been omitted for clarity. Thermal ellipsoids are drawn at the
40%; probability level

phenylethyl group is oriented in the favoured face-on manner
with respect to the n®-benzene ligand. This ‘B-phenyl effect’1619
is also seen in the thermodynamically more stable 1°-p-cymene
diastereomer.*

Synthesis and characterisation of the diastereomeric complexes
4a/da’, 4b and 4a”

The synthesis, properties and crystal structures of (Rg,,Sc,
Mppy,) and (RRu,SCaPPPh,)'[RU(T]B’CGHG)(L—L)(PPhs)JPFGs 4a
and 4a’ with different triphenylphosphane helicities have been
published.” The (Rg,,Sc) diastereomer 4a/4a’ is the thermody-
namically more stable and the (Sg,,,S¢) diastereomer 4b the less
stable of the mixture. The equilibrium ratio in CDCI; at room
temperature is 95:5.7 In this paper we describe a preparative
route to 4b (Scheme 1). The chloride ligand in 1 was abstracted
with AgPF, in CH,Cl, at —35°C. After addition of
triphenylphosphane, the insoluble AgCl was filtered off at
about —55 °C. The solution was concentrated while cold and
the diastereomer mixture was precipitated by addition of cold
(about —50 °C) light petroleum in small portions. The 'H
NMR spectrum measured at — 50 °C of a sample of the mixture
dissolved at —80 °C in [*H¢Jacetone showed the presence of
the two diastereomers, especially the intense signals for the n®-
benzene ligand at § 5.66 for 4a/4a’ and 6.41 for 4b. The ratio of
diastereomers 4a/4a’:4b = 1:1 measured at — 50 °C s far from
the equilibrium ratio. Thus, the two diastereomers 4a/4a’ and
4b are formed under kinetic reaction control.

The diastereomers 4a/4a’ and 4b were separated on the basis
of their different solubilities in CHCl;. The mixture was stirred
with CHCIl; at —60 °C and the suspension was filtered while
cold. From the cold filtrate it is possible to isolate the two
crystalline modifications 4a and 4a’ of the thermodynamically
more stable diastereomer as described.®” The residue after
filtration was dissolved in CH,Cl, at —60 °C and precipitated
by slow addition of light petroleum at —35°C, giving the
thermodynamically less stable diastereomer 4b with the low-
field 'H NMR signal for the n°-benzene ligand. A sample of
the orange product was dissolved in [?Hg]acetone at —80 °C.
The *H NMR spectrum at —80 °C showed more than 99%
diastereomer purity for (Sg,,Sc)-4b (Table 2).

On cooling solutions of the two modifications 4a and 4a’ in
[*H,Jacetone or CD,Cl, to —80°C the 'H and '3C-{'H}
NMR signals of the triphenylphosphane ligand broadened
without any splitting in the range & 7.52-7.64 (Tables 2 and 5).”
In contrast, those of the triphenylphosphane ligand of
diastereomer 4b split into well resolved signals for the o-, m-, p-
protons/carbons and, in case of the **C-{*H} NMR spectra, for
the ipso-carbons (Tables 2 and 5). The splitting pattern
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PPh,

129.3 (d, 3J¢p 10.2, C,), 130.7 (d, *Jgp 47.5, Cyps0):
1319 (d, “Jep 2.4, C,), 1342 (d, 2/ 9.9, C,)*

Table 5 '3C-{"H} NMR data for the diastereomeric complexes 4a/4a’/4a” and 4b*
Complex L-L n%-CeH,
4a/4a’/4a”® 253 (CHCH,), 779 (d, Jep 2.5, CHCH,),  90.4 (91.1) (d, *Jep 2.9)¢
116.6 (C* of sal), 122.7 (C® of sal), 123.0 (C? of
sal), 126.0 (C, of Ph of sal), 129.1 (C, of Ph of
sal). 130.2 (C,. of Ph of sal), 135.1/136.4 (C3/C°
of sal), 142.8 (C' of sal), 166.0 (C,,, of Ph),
166.4 (N=CH)
4b° 24.3 (CHCH,), 79.4 (CHCH,), 114.5 (br s, C* 91.57/

of sal), 121.0 (C® of sal), 123.1 (C? of sal), 128.6
(C, of Ph), 128.7 (C, of Ph), 128.8 (C,, of Ph),
135.0/135.9 (C?/C5 of sal), 140.7 (C" of sal),
162.2 (C, of Ph), 166.5 (N=CH)

125.9 (d, "Jp 469, C;,,), 127.6 (br's, C,,), 129.3 (br
d, *Jcp 9.6, C,,), 130.0 (brs, C,,), 130.1 (s, C,), 130.5
(d, Jep 45.5, Cipuo)s 131.9 (br s, C,), 132.9 (brs, C,),
1338 (d, 2Jep 9.0, C,), 134.1 (d, 2Jep 9.0, C,),
135.0 (d, *Jcp 46.0, C,py,), 136.0 (m, C,)?

“ (Rru»Sc:Mppn,)- and (Rey,. S, Pppn,)-[Ru(n®-C4He)(L-LY(PPh;)JPF, 4a and 4a’, (Rgu,Sc. Prey,)-[Ru(n®-CHe)(L-L)(PPh;)]PF-CH,Cl, 4a” and
(SguSc)-[Ru(n®-CsHg)(L-L)(PPh;)]PF, 4b; § with J in Hz. ® At 100.6 MHz, solvent CD,Cl,, standard SiMe,, 21 °C. ©§ in parentheses for
diastereomer 4b. ¢ All the PPh, signals show only strong line broadening on cooling the sample to —90 °C. ¢ At 100.6 MHz, solvent [?H]acetone,
standard SiMe,, —80 °C, signal assignment on the basis of proton—carbon and —proton two-dimensional correlation spectroscopy. ¢ *Jcp not
determined due to line broadening. ¢ All the PPh, signals show coalescence on warming the sample above —35 °C.

indicates a freezing of the rotation of the triphenylphosphane
ligand about the ruthenium—phosphorus bond.?* The *H NMR
signals for one of the triphenylphosphane phenyls show a
strong high-field shift (a multiplet at 8 6.00 for two o-protons, a
multiplet at 8 6.51 for two m-protons and a multiplet at 3 6.90
for the p-proton). The linewidth of the *'P-{'H} NMR signal
was not affected by cooling. On warming the sample to —20 °C
there was not only broadening and coalescence of all the signals
of the triphenylphosphane ligand of 4b but also the 'H NMR
signal of the n°-benzene ligand of the thermodynamically more
stable diastercomer 4a/4a’ appeared at 3 5.66. On the other
hand there was no coalescence of the signals of the phenyl sub-
stituent of the 1-phenylethyl group in the measured temper-
ature range. Thus, by warming solutions of 4b from —80 °C
the triphenylphosphane ligand begins to rotate and due to
increasingly unfavourable interactions between the rotating
phosphane ligand and the other ligands the metal configuration
becomes unstable. The half-life 1, = 24.9 + 0.01 min of the
epimerisation 4a/4a’ ==4b at —(1.0 £ 0.3) °C in [*H¢]-
acetone was measured by following the time-dependent ratio
of the n®-benzene signals of 4a/4a’ and 4b, cither 4a/4a’
or 4b being the starting material (equilibrium ratio 4a:4b
= 93.4:6.6). This epimerisation in CDClj; (half-life T, = 25.7
+ 0.03 min, 12.0 + 0.3°C) has previously been addressed.’
The results of the kinetic measurements and the implications
with regard to the mechanism of the change in ruthenium con-
figuration will be reported in a subsequent paper. Erroneously,
Mandal and Chakravarty *** assumed their n°-p-cymene
complexes containing the triphenylphosphane ligand to be
configurationally stable. Thus, they described the isolation of
the pure (Rgy,,Sc) diastereomer by column chromatography
on Si0, at room temperature and subsequent crystallisation.

For comparison, an optically inactive complex [Ru(n®-
C¢H¢)(L-L)(PPh3)]PF¢ (L-L = N-tert-butylsalicylideneami-
nate) was prepared by a similar synthetic route to that for
complexes 4. In contrast to the latter, this complex is unstable
at room temperature and the *H and '*C-{'H} NMR spectra
of a freshly prepared sample show only broad signals for the
triphenylphosphane nuclei,* indicating that rotation of the
phosphane ligand about the ruthenium—phosphorus bond is
seriously hindered.

Crystal structure of diastereomer 4a”

Many attempts to obtain single crystals of complex 4b of X-ray
quality by crystallisation at temperatures below —20 °C have

* Chemical shift ranges for PPh; (CD,Cl,, 21 °C, solvent signal as
reference): 'H, § 7.30-7.80; '*C-{*H}, & 128-130, 131-133, and 133-
135.
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Fig. 3 An ORTEP view of the molecular structure of the cation of
diastereomer 4a” with atom numbering. Thermal ellipsoids represent
40%, probability contours. Hydrogen atoms, the PF¢ anion and the
CH,C1, molecule have been omitteéd for clarity

failed. In one experiment a sample of microcrystalline 4b was
dissolved in CH,Cl,-light petroleum (3:2) at —35°C. The
solution was kept in a cooling bath at —20 °C. During 62 h the
bath and the solution warmed up to 3 °C and red-orange prisms
of 4a” formed in 129 yield. An ORTEP view of the cation of 4a”
is shown in Fig. 3. Positional parameters and bond lengths and
angles are given in Tables 3 and 4. The crystal structure reveals
the (Rgy,Sc,Pepn,) configuration of the cation of 4a” and the
presence of one equivalent of CH,Cl, in the unit cell. Therefore,
a configurational change from (Sg,,S¢) in 4b to (Rg,,Sc) in 4a”
must have occurred during crystallisation. The dihedral angles
of 4a”, which define the triphenylphosphane helicity, are within
a few degrees identical to those of modification 4a’, the
structure of which was published recently.” As in the structures
of 4a and 4a’” and of 1a and 2a, the phenyl substituent in 4a” is
oriented face-on with respect to the m®-benzene ligand. In
contrast to the structures of 4a and 4a’,” in 4a” there are no non-
bonding distances shorter than the van der Waals radii.'®

Chiroptical properties of the diastereomer mixture of complexes
1 and 2 and diastereomers 3, 4a” and 4b

The optical rotations were measured at room temperature for
the diasterecomer mixtures la:1b = 86:14 in the solvent
CH,Cl, and 2a:2b = 76:24 in acetone. Those of the
diastercomers 4a/4a’ and 4b were determined in CH,Cl, at — 18
and —35°C, at which the epimerisation reaction is slow.
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Fig. 4 The CD spectra of complexes 1a/1b, 2a/2b, 3, 4a/4a’ and 4b.

¢ =(2.34-9.57) x 10* mol dm™3, CH,Cl,: --—, 1 (22°C); —, 2
(22°C); - - -.3(22°C); — ~—, 4a/4a’/4a” (—21 °C); — - - —, 4b (—35°C)

Although the (Rg,,Sc,Mppy,) and (Rg,,Sc,Ppp,,) diastereomers
4a and 4a’/d4a”, respectively, and (Sg,,Sc) 4b have opposite
ruthenium configurations, they all have negative optical
rotations at the sodium D line ([«]s5597*8 = —1076 for 4a/4a’
and [a]sge °>° = —92 for 4b; ¢ = 0.08, CH,Cl,). This is
exceptional, because usually there is a correlation between
the metal configuration and the sign of optical rotation, e.g. in
the series [Re(n’-CsH;)(NO)(PPh;)L] (L = monodentate
ligand).?®

In Fig. 4 the CD spectra of the diastereomer mixtures 1a/1b
and 2a/2b, of complex 3 and of the diastereomers (Rg,,Sc)
4a/4a’ and (Sg,.Sc) 4b are shown. The CD spectra of the dia-
stereomers 4a/4a’ and 4b were measured at —21 and —35 °C.
The spectra of the n®-benzene complexes in Fig. 4 are
similar to those of the published m°-p-cymene complexes.’
Obviously, only the CD spectra of the diastereomer mixture
2a/2b, of complex 3 and of diastereomer 4b are similar to each
other, whereas the spectrum of 4a/4a’ is close to being that of
the mirror image. The CD spectrum of the chloro complexes
1a/1b, however, differs appreciably from the other spectra
and no safe conclusions can be drawn from comparisons with
them.

To complex 2a, the major diastereomer in the equilibrium
2a—=2b, and to the pure diastereomer 3 the same (Ry,)
configuration was assigned. In accord, their CD spectra are
similar (Fig. 4). This is to be expected due to the similarity of the
two ligands 4- and 2-methylpyridine. The intensity differences
in the spectra of 2a/2b and 3 are understandable because 3 is
diastereomerically pure whereas the spectrum of 2a/2b is a
superposition of the spectra of 2a and 2b. In organotransition-
metal complexes with stereogenic metal centres the CD spectra
are primarily influenced by the metal chromophore.?"2¢
Therefore, diastereomers such as 2a and 2b, differing only in the
metal configuration, to a first approximation have mirror-
image CD spectra. As a consequence, the main contribution of
the minor diastereomer 2b to the CD spectrum of the major
diastereomer 2a is a reduction of the intensity.

Complex 2a, the major diastereomer in the 2a/2b mixture,
and the diastereomers 4a/4a’/d4a” have the same ruthenium
configuration, as demonstrated by X-ray analyses (Figs. 2 and
3; ref. 7), Their CD spectra, however, are approximately mirror
images of each other. Thus, it must be concluded that in the
complexes [Ru(n®-CqHg)(L-L)L'JPF¢ the ligands L' = 4-
methylpyridine and triphenylphosphane make extremely
different contributions to the circular dichroism.

Mandal and Chakravarty *** determined the configuration
of the (n°-p-cymene)ruthenium complex containing the
triphenylphosphane ligand by X-ray analyses. Two cations with
different triphenylphosphane helicities and two different anions
but the same ruthenium configurations as in the diastereomers
4a/4a’/4a” with the n®-benzene ligand were found. As the CD
spectrum of the complex with the triphenylphosphane ligand
was nearly the mirror image of the spectra of the diastercomer
mixtures of the chloro complex and the cationic 4-methylpyrid-
ine complex, opposite configurations were assigned to them.’
This conclusion is wrong for the 4-methylpyridine complex and
speculative for the chloro complex (see above). In addition, the
configurational lability of all the compounds under discussion
precludes the assignment of retention or inversion of
stereochemistry to the substitution reactions.”

Conclusions

In (n%-benzene)ruthenium complexes [Ru(n®-C4Hg)(L-L)L']
and [Ru(n%-C¢Hg)(L-L)LJPF¢ with L-L = (S)-N~(1-phenyl-
ethyl)salicylideneaminate and L' = chloride, 4- and 2-
methylpyridine, or triphenylphosphane there is a correlation
between the conformation of the I-phenylethyl group (‘-
phenyl effect’!®1%) and the configuration of the ruthenium
atom (two diastereomers possible). In the thermodynamically
more stable diastereomers the C-H bond of the 1-phenylethyl
substituent is oriented towards the unidentate ligand to
minimise steric hindrance. At the same time the phenyl
substituent of the 1-phenylethyl group takes up a face-on
orientation relative to the n®-benzene ligand (‘B-phenyl
effect’6-19).
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