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Abstract

A study is reported on synthesis and ligand substitution/modification reactions dythend anti geometric isomers of the six-
coordinate ruthenium(ll) complexesprRu(k2-0,CX)(CO)(Cyttp)lI* (n=0, X=0 @); n=+1, X=Me @), Ph @), OMe ), OEt ();
Cyttp = PhP(CHCH,CH,PCy,),) andcissmerRuX,(CO)(Cyttp) (X=1 (7), CI (8)) (syn(s) andanti (a) refer to the orientation of the Ph
group on the central P atom of Cyttp). ReactioncafmerRu(BF,),(CO)(Cyttp) () in freshly prepared aqueous acetone solution with
each of sodium carbonate, sodium acetate, and sodium benzoate 2HpBagBF,), and4a(BF,), respectively. Theynisomer of2a, 25
was synthesized by prolonged treatment of solieFRu(CO)(Cyttp) with gaseous © Complexe2a and2sdo not interconvert even on
heating in toluene or methanol at reflux temperature for 24 h. Alkylatida@ind2swith 1 equiv. of [MgQO]BF, or [Et;O]PF; affords the
methylcarbonato5a(BF,) and59BF,), respectively) and ethylcarbonaa(PF;) and6gPF;), respectively) complexes. Use of >2 equiv. of
[Me3O]BF; still furnishes5gBF,) from 2s but yields1 instead ofsa(BF,) from 2a. The foregoing reactions represent, to our knowledge,
the first example of different reactivity afynandanti isomers of metal Cyttp complexes. Prolonged treatmeggafith an excess of Mel
at room temperature results in the formatiori7af A parallel reaction o2swith Mel to yield 7srequires heating; at ambient temperature,
59(1) is obtained instead. Each of the comple2e3(BF,;)-5(BF,), and6(PF) is converted t@ with retention of thesynor anti configuration
by the action of hydrochloric acid. It is concluded from this and previous studies that complexes stable to ligand dissociation do not undergo
syn-antiisomerization, in contrast to those that contain weakly coordinated liged@&{$H} and®'P{*H} NMR spectroscopic generalizations
were developed that enaldgn-anti assignment to be made for this class of complexes. The structuges(a$ 2a-:CH,Cl,-2H,0), 2s (as
25(3/4)MeC(0O)Me2H,0), and5s (as59BF,)-CsHg) were determined by single crystal X-ray diffraction analysis.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

* Crystallographic data for the structural analysis have been de- N . )
posited with the Cambridge Crystallographic Data Centre, CCDC  Transition-metal complexes with polydentate phosphine
nos. 228319, 227599, and 227406 for compoudsCH,Cl2-2Hz0, ligands have attracted considerable attention in the past few

25(3/4)MeC(O)Me2H,0, and59(BF4)-CeHe, respectively. Copies of the  jecades largely because of their diverse structures and cat-
data can be obtained free of charge from The Director, CCDC, 12

Union Road, Cambridge CB2 1EZ, UK (Fax: +44-1223-336-033; e-mail: YtiC properties{1,2]. Such ligands provide an important

mailto:deposit@ccdc.cam.ac.akhttp://www.ccde.cam.ac.uk/ advantage over monOdentate_phc_’SPhine ”gandS_Wit_h respect
* Corresponding author. Tel.: +1 614 292 4750; fax: +1 614 292 1685.  to greater control of the coordination number, stoichiometry,
E-mail addressegallucci.1@osu.edu (J.C. Gallucci), and stereochemistry of their complexes.

wojcicki@chemistry.ohio-state.edu (A. Wojcicki). Linear polvdentate hosphines of the tvpesPR
1 To whom inquiries concerning the X-ray crystallographic studies should poly P P ype2

be addressed. Fax: +1 614 292 1685, ((CH2)hP)m(CH2)nPR: have been extensively utilized in

1381-1169/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2004.07.029
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the above contextl,3,4]. A representative member of this species that result from different orientations of the NH hy-

class, the tridentate PhP(@EH,CH2PCy)2 (Cyttp, Cy =c- drogen of dierf16,17]

CsH11), was prepared by Meek and coworkfsk who also There have been few studies eypn-anti isomerism of

synthesized a number of its metal complexes and investi- six-coordinate metal Cyttp complexes. Both isomers were

gated their chemistry and possible catalytic applicat[Bhs synthesized for each ais-merIrH,CI(Cyttp) [18,19]][cis-

Ruthenium complexes of Cyttp, e.g., Ra(?-H2)(Cyttp) merlrH2(MeCN)(Cyttp)]" [19], cissmerRuHx(P(OMe))

and RuHCI(Cyttp), show reactivities toward alkené&s$, (Cyttp) [20], cismerRuHx(P(OPh3})(Cyttp) [20], andmer

alkynes[7,8], and CQ-like specieq9] that furnish infor- RuCl(n3-PhCH=C—C=CPh)(Cyttp)7,8], some as ayn-anti

mation of relevance to catalytic processes. Later studies inmixture that was not separated. Characterization of at least

our group resulted in the synthesis of Ry&O)(Cyttp) one isomer in each case was effected Iy NMR nOe

(X=BF4 or OSQCFg) with two weakly coordinated an-  spectroscopy or X-ray diffraction techniques. Several other

ions; these complexes serve as useful precursors of a vacomplexes of this general type were obtained as a single

riety of ruthenium(ll) complexe$l10]. A rare example of isomer and characterized similarly agn or anti [8,10,

a hydrido-oxo metal complex, [RefD)(Cyttp)]", which 19,20}

transfers both hydrogen and oxygen to some substrates and In this paper, we report further investigations inym-anti

catalyzes hydration of nitriles to amides, was also reported isomerism of ruthenium(ll) Cyttp complexes. In particular,

[11,12] we address questions concerning reactivity of such com-
Among the tridentate phosphines investigated, Cyttp plexes in isomerization and ligand substitution/modification

shows exceptional propensity for meridional coordination processes. Bothynandanti isomers ofmerRu(k2-O,CO)

around the metal. The trimethylene linkage between phos- (CO)(Cyttp) @) were synthesized and completely character-

phorus atoms of Cyttp provides an ideal “chelate-bite” angle ized, and their stereochemical behavior in the aforementioned

of ca. 90 for a larger transition metal such as ruthenium(ll). types of transformation was investigated.

As aresult of this feature and of the steric demands of the ter-

minal—CH2PCy, donors, meridional structures are strongly

favored. The consequence is greater control of the coordina-2. Experimental

tion geometry in metal complexes as compared to monoden-

tate phosphine analogues. 2.1. General procedures and measurements
In Cyttp complexes that are six-coordinate and contain
differenttransligands €is to all three P donors) as, for ex- Reactions and manipulations of air-sensitive compounds

ample, incismerML ,L’(Cyttp), the Ph group on the central were conducted under an atmosphere of dry argon by use
phosphorus atom can point to either one of them (L9r L  of standard procedurd21]. Solvents were drief22], dis-

thus giving rise tsynandanti geometric isomers (cf.and tilled under argon, and degassed before use. Elemental anal-
1.2 yses were carried out by M-H-W Laboratories, Phoenix, AZ.
IR, NMR (*H, 13C, and3!P), and mass spectra (FAB MS)

' L' ) . . .
||‘ PCy L I PCy, were obtained as previously descritj28,24] All listed mass
R ot peaks are those of ions containitffRu. Relative peak in-
/M\ Z 1N /Ph e . . .
Cy,P | R Cyzp\l_/P tensities are given with the assignments.
\.L_pn L
2.2. Materials

Even when theseansligands are identical, in some cases ~ eagents were procured from various commercial

their inequivalence can be detected by NMR spectroscopySources and used as 'received. .The compleiesierant-
[12]. This type ofsyn—antisomerism has been observed also Rulz(CO)(Cyttp) (8), cismeranti-RuCL(CO)(Cyttp) 8a),

for meridional ttp (ttp = PhP(CFCH,CH,PPh),) and re- andcis-merRu(BF,)2(CO)(Cyttp) () were prepared as re-
lated tridentate phosphine complexes,15] Furthermore, ~ POrted earlief10]. (Cyttp = PhP(CHCH;CHzPCy,)z; mer

it is not limited to phosphines. Particularly noteworthy are '€fers to Cyttp, andis refers to b, Cl, etc.; the ref-
recent reports of synthesis and characterization of all pos_eren_ce center fosyn and anti is Ph on central P, cf.
sible geometric isomers of the amine complexes [Co(dien) Sectionl.)

(ibn)CI]?* (dien = diethylenetriamine, ibn = 1,2-diamino-2-
methylpropane) and [Co(dien)(ampy)€1](ampy = 2-ami-
nomethylpyridine), including the meridionalyn and anti

2.3. Synthesis of carbonato, carboxylato, and
alkylcarbonato complexes of Ru(CO)(Cyttp)

2.3.1. Preparation of

e 2

2 The designationsyn and anti is made in accordance with the mer-syn-Ru 'OZCO)(CO)(CYHP) ES) o
Cahn-Ingold—Prelog priority rulgd3] as applied to the two ligands that The procedure employed is a slight modification of that
are mutuallytrans reported in the literaturf25]. A powdery sample of known
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[25] merRu(CO)(Cyttp) (0.562 g, 0.755 mmol) in a Schlenk
flask was exposed to a stream of @as for 10 days, dur-
ing which time a gradual color change from pale yellow to
slightly gray was observed. The solid was wetted withCEt
(30ml), collected on a filter frit, and washed with benzene
(20 ml) toremove any remainimger-Ru(CO)(Cyttp) and/or
possible2a co-product. Note Whereas the solubility o2s

in benzene is only ca. 0.025 g/10 ml, thaRefis greater than
0.25g/10 ml.) Rinsing with RO (20ml) and drying under
vacuum afforded®sas a white solid in 86% yield (0.506 g).
Selected spectroscopic datfC{*H} NMR (CD,Cly): §
(ppm) 205.2 (dt2JIpec=17 Hz, 2Jpwc=12Hz, CO), 166.6
(a0, 3Jpc~1Hz, ®,CO), 35.1 (t,Jpwc=11Hz, CH of Cy),
34.0 (t,Jpwc =9 Hz, CH of Cy).13P{*H} NMR (CDCly): §
(ppm) 22.5 (t2Jpcpw=30.5 Hz, R, 11.5 (d 2Jpcpw= 30.5 Hz,
Py). MS (FAB): m/iz 777 M*, 14), 733 M* —COy,
100).

2.3.2. Preparation of mer-anti-Rif-O,CO)
(CO)(Cyttp) @a)

A solid mixture of cismerRu(BF4)2(CO)(Cyttp) @)
(0.428 g, 0.481 mmol) and N&O3 (0.065 g, 0.61 mmol) was
dissolved in acetone (40 ml)A@ (25 ml), and the contents
were stirred for 30 min. The volume of solution was reduced
to ca. 20ml to result in the formation of a white precipi-
tate. The solid was collected on a filter frit, washed twice
with 10-ml portions of HO and then with 10-ml portions
of hexane, and dried under vacuum overnight. Yiel®af
0.353 g (95%). IR (Nujol-hexachlorobutadieng)CO) 1918
(vs),1(02C0) 1668 (M), 1603 (s), 1235 (m) cth 13C{1H}
NMR (CD>Cly): § (ppm) 209.0 (q,2Jpcc="2Jpwc=12 Hz,
CO), 166.2 (s, @CO), 38.5 (t,Jpwc=11Hz, CH of Cy),
33.2 (t,Jpwc =9 Hz, CH of Cy).21P{1H} NMR (CD,Cl,): §
(ppm) 31.6 (tJpcpw=31.9 Hz, Pc), 15.4 (dlpcpw=31.9 Hz,
Pw). MS (FAB):mVz777 (M*,5), 733 M* — CO, 100). Anal.
Found: C, 58.71; H, 8.07%. Calc. forsgHg104P3Ru: C,
58.82; H, 7.92%.

2.3.3. Preparation of [mer-anti-Ruf-0>CMe)(CO)
(Cyttp)IBF4 (3a(BF4))

The product was obtained frontismerRu(BF;)2
(CO)(Cyttp) @) (0.2004g, 0.225mmol) and sodium acetate
(0.050¢, 0.61mmol) by a procedure analogous to that for
2a (Section2.3.9. Yield of 3a(BF4), 0.161g (83%). Se-
lected spectroscopic data. IR (Nujol-hexachlorobutadiene):
v(CO) 1940 (vs), v(0O2C) 1522 (m), 1455 (s), 1446
(s) cnrl. 'H NMR (CD.Cly): § (ppm) 2.03 (s, 3
H, Me). 13C{1H} NMR (CD,Cly): § (ppm) 206.6 (dt,
2Jpcc=15.6 Hz,2Jpyc=11.5Hz, CO), 187.1 (s, 4T), 38.7
(t, JIpwc=11.9 Hz, CH of Cy), 35.0 (Jpwc=9.5Hz, CH of
Cy), 25.2 (s, Me)31P{1H} NMR (CDCly): § (ppm) 40.0 (t,
2Jpcpw=30.4Hz, R), 17.2 (d,2Jpcpw=30.4 Hz, R). Anal.
Found: C,54.46; H, 7.27%. Calc. fogéHs4BF403P3Ru: C,
54.36; H, 7.49%.
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2.3.4. Preparation of [mer-anti-Ruf-O>CPh)(CO)
(Cyttp)IBF4 (4a(BF4))

The product was prepared froois-merRu(BF;)2(CO)
(Cyttp) (@) (0.202g, 0.227 mmol) and sodium benzoate
(0.055¢, 0.38mmol) by a procedure analogous to that for
3a(BF4). Yield of 4a(BF4), 0.180g (86%). Selected spec-
troscopic data. IR (Nujol-hexachlorobutadieng)O) 1935
(vs), v(0O2C) 1501 (m), 1495 (s), 1450 (s), 1435 (vs) Th
13C{1H} NMR (CD,Cly): § (ppm) 206.7 (dt?Jpcc=16 Hz,
2Jpwc=12Hz, CO), 181.0 (q3Jpc=2Hz, OC), 38.6 (t,
Jrwc=12Hz, CH of Cy), 34.4 (tJpuc=9.5Hz, CH of Cy).
31P{1H} NMR (CD2Cl,): 8 (ppm) 40.5 (t2Jpcpw=30.1 Hz,
Pe), 17.3 (d, 2Jpcpw=30.1Hz, R,). Anal. Found: C,
57.24; H, 7.16%. Calc. for £4HgsBF403P3Ru: C, 57.21;
H, 7.20%.

2.3.5. Preparation of [mer-anti-Ruf-0,COMe)(CO)
(Cyttp)]BF4 (5a(BF4))

A stirred solution ofmeranti-Ru(k?-0,CO)(CO)(Cyttp)
(24) (0.140g, 0.180 mmol) in 70 ml of CkCl> was treated
with [Me30O]BF4 (0.027 g, 0.182 mmol). After 1 h of stir-
ring, the solvent was evaporated, and the ivory residue was
washed consecutively with4® (20 ml) and hexane (30 ml)
and dried overnight. Yield oba(BF,), 0.130g (82%). Se-
lected spectroscopic data. IR (Nujol-hexachlorobutadiene):
v(CO) 1940 (vs),p(02CO) 1505 (m), 1450 (s), 1435 (sh),
p(COC) 1090 (s) cmt. IH NMR (CD,Cl,): § (ppm) 3.84
(s, 3 H, OMe).*3C{*H} NMR (CD,Cly): § (ppm) 206.5
(dt, 2Ipec=12Hz, 2Ipuc=11Hz, CO), 161.3 (s, £CO),
55.0 (s, OMe), 38.4 (tJpwc=12Hz, CH of Cy), 34.5 (t,
Jpwc=9Hz, CH of Cy).31P{*H} NMR (CD,Cly): § (ppm)
40.1 (t,2Jpcpw=29.8 Hz, R), 15.9 (d 2Jpcpw=29.8 Hz, R,).

MS (FAB): miz 792 M*, 73), 718 M*+H — O,COMe,
100).

When this reaction was carried out with more than 2 equiv.
of [Me3O]BF4, the only phosphorus-containing species de-
tected in solution by'P{*H} NMR spectroscopy wasis-
merRu(BF)2(CO)(Cyttp) @).

2.3.6. Preparation of [mer-syn-R«g-0O,COMe)(CO)
(Cyttp)IBF4 (55(BF4))

A procedure analogous to that in Sectd®3.5was em-
ployed using [MgO]BF, (0.048 g, 0.324 mmol) ancther
synRu(k2-0,C0O)(CO)(Cyttp) 29 (0.100g, 0.129 mmol).
Yield of 54BF4), 0.101 g (89%). Selected spectroscopic data.
IR (Nujol-hexachlorobutadiene)(CO) 1960 (vs)y(0.CO)
1540 (m), 1490 (s), 1385 (s)(COC) 1088 (s) cm’. 1H
NMR (CD,Cly): § (ppm) 3.83 (s, 3 H, OMe}3C{*H} NMR
(CDoCl): § (ppm) 203.1 (dt2Ipec= 21 Hz,2Jpwc =11 Hz,
CO), 161.3 (s, @C0O), 55.0 (s, OMe), 36.1 (fpwc=11Hz,
CH of Cy), 34.5 (tJpwc =10 Hz, CH of Cy) 3'P{1H} NMR
(CD2Clp): § (ppm) 30.9 (t,2Jpcpw=28.5Hz, R), 11.2 (d,
2Jpcpw=28.5Hz, R,). MS (FAB): m/z 791 M* —H, 100),
717 M* — O,COMe, 97). Anal. Found: C, 56.07; H, 7.11%.
Calc. for GoHg4BF4104P3RU-CgHg: C, 56.55; H, 7.38%.
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2.3.7. Preparation of [mer-anti-Ruf-O,COELt)(CO)
(Cyttp)]PFs (6a(PFe))

A procedure analogous to that in Secti3.5was em-
ployed using [E{O]PFs (0.027 g, 0.109 mmol) andner
anti-Ru(k?-0,C0O)(CO)(Cyttp) Ra) (0.076 g, 0.098 mmol).
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0.129 mmol) in 40 ml of THF, and the mixture was heated
at reflux temperature for 10 h. The volatiles were then re-
moved, hexane (20 ml) was added to the residue, and the
yellow solid was filtered off and dried under vacuum. Yield
of 7s 0.080g (64%). Selected spectroscopic data. IR (Nu-

Yield of 6a(PFg), 0.079 g (86%). Selected spectroscopic data; jol): v(CO) 1940 (vs) cmt. 33C{*H} NMR (CDCl): §

IR (Nujol-hexachlorobutadiene)(CO) 1950 (vs)p(0,CO)
1535 (m), 1482 (s), 1385 (m)(COC) 1075 (m) cm.
H NMR (CDCh): § (ppm) 4.27 (9,3Jun=7.1Hz, 2 H,
OCHp), 1.35 (t,3J4 =7.1Hz, 3 H, Me).2P{1H} NMR
(CDCh): & (ppm) 39.8 (t,°Jpcpw=30.3Hz, R), 15.9 (d,
2Jpcpw=30.3Hz, R,). MS (FAB): m'z 805 M* — H, 100),
717 M* — O,COEt, 72).

2.3.8. Preparation of [mer-syn-R«R-O,COEL)(CO)
(Cyttp)]PFs (65(PFe))

The title complex was prepared fromersynRu(k?-
0O,CO)(CO)(Cyttp) 29 (0.110g, 0.142mmol) and [ED]
PFs(0.040g,0.161 mmol) by a procedure analogous to thatin
Sectior?.3.5 Yield of 64 PFg), 0.122 g (92%). Selected spec-
troscopic data. IR (Nujol-hexachlorobutadieng)CO) 1950
(vs),v(02C0) 1548 (s), 1490(s), 1382 (m)COC) 1080 (m)
cm~L. IH NMR (CDCLk): § (ppm) 4.25 (q3Jun=7.1Hz, 2
H, OCHp), 1.37 (t,2J4n =7.1Hz, 3 H, Me) 3P{*H} NMR
(CDCh): & (ppm) 30.7 (t,°Jpcpw=28.4Hz, R), 11.2 (d,
2Jpcpw=28.4Hz, R,). MS (FAB): m/z 805 M* — H, 100),
717 M* — O,COEt, 11).

2.4. Reactions of carbonato complexes of
Ru(CO)(Cyttp) with Mel

2.4.1. Preparation of cis-mer-anti-Ry{CO)(Cyttp) 7a)

Neat Mel (0.25ml, 0.57g, 4.0mmol) was added to a
stirred solution ofmeranti-Ru(k2-O,CO)(CO)(Cyttp) Ra)
(0.105¢g, 0.135mmol) in 50 ml of benzene (angDg) at

(ppm) 199.1 (dt2Jpec= 13 Hz,%Jpwc= 12 Hz, CO), 40.9 (t,
Jpwe=11Hz, CH of Cy), 38.6 (tJpwc=11Hz, CH of Cy).
31p{1H} NMR (CDCh): § (ppm) 5.4 (t,°Jpcpw=27.2 Hz,
Po), —5.6 (t, 2Jpcpw=27.2Hz, R,). Anal. Found: C,
46.02; H, 6.44%. Calc. for £Hg1loOPsRu: C, 45.83;
H, 6.34%.

When this reaction was carried out in THF/toluene at
room temperature for 16 h, the isolated product wasq
synRu(k2-0,COMe)(CO)(Cyttp)] | 691)), as determined
by *H and®'P{*H} NMR spectroscopy.

2.5. Reactions of carbonato, carboxylato, and
alkylcarbonato complexes of Ru(CO)(Cyttp) with HCI

2.5.1. Preparation and characterization of
cis-mer-syn-RuG(CO)(Cyttp) 89

Concentrated hydrochloric acid (0.25ml, ca. 3mmol)
was added to a stirred solution afersynRu(k2-O,CO)
(CO)(Cyttp) 9 (0.270g, 0.348 mmol) in 30 ml of Cil,.
Effervescence occurred immediately, and after 5 min the vol-
ume of solution was reduced to ca. 1 ml. Pentane (25ml)
was added with stirring, and the white solid was fil-
tered off, washed with pentane (20ml), and dried under
vacuum overnight. Yield of8s 0.160g (58%). Selected
spectroscopic data. IR (Nujol)x(CO) 1930 (vs) cml.
13C{1H} NMR (CD,Cly): § (ppm) 200.2 (dt?Jpcc=17 Hz,
2Jpwc=12Hz, CO), 33.1 (tJpwc=10Hz, CH of Cy), 32.5
(t, Jpwc=9Hz, CH of Cy).3P{IH} NMR (CD,Clp): &
(ppm) 11.3 (t2Jpcpw=30.0 Hz, R), 4.6 (d,2Jpcpw= 30.0 Hz,
Pw). Anal. Found: C, 56.27; H, 7.64; Cl, 8.89%. Calc. for

room temperature, and progress of reaction was monitoredc,.H.,Cl,OP;Ru: C, 56.48; H, 7.81; Cl, 9.01%.

by 3'P{*H} NMR spectroscopy. After a few minutes, new
signals were observed &{ppm) 10.8 (t) and-0.9 (d) with
2Jpp=31.5Hz. In the'H NMR spectrum (GDg solution),
an additional resonance appeared @pm) 3.78 (s) and has
been assigned to the same intermediate. With th{*H}
resonances ofa[10] grew in, and those of the reaction in-

2.5.2. Reactions of other Ru(CO)(Cyttp)
complexes with HCI

In a typical reactionmer-anti-Ru(k2-0,CO)(CO)(Cyttp)
(2a) (0.020g, 0.026 mmol) was dissolved in 0.5ml of
CHxClz in a 5-mm NMR tube, and concentrated hydrochlo-

termediate decreased in intensity. After 48 h, solvent was re-yic acid (0.05ml, ca. 0.6 mmol) was added. After the tube
moved under vacuum, and the residue was washed with heéX<yas shaken for about 2min, #P{1H} NMR spectrum

ane (10 ml). The bright yellow solid was filtered off and dried
under vacuum. Yield ofa, 0.092g (70%). Selected spec-
troscopic data’*C{*H} NMR (CDCls): § (ppm) 201.2 (q,
2Jpec=2Jpwc=9Hz, CO), 42.1 (tJpwc=11Hz, CH of Cy),
38.1 (t,Jpwc= 11 Hz, CH of Cy) 3P{1H} NMR (CDCl): §
(ppm) 7.8 (t2Jpcpw=30.5Hz, R), —8.4 (t,2Jpcpw= 30.5 Hz,
Pu).

2.4.2. Preparation of cis-mer-syn-RUCO)(Cyttp) 79
Neat Mel (0.25ml, 0.57 g, 4.0 mmol) was added to a so-
lution of mersynRu(k2-O,CO)(CO)(Cyttp) @9 (0.1004g,

was recorded. The only phosphorus-containing species de-
tected wascis-meranti-RuCh(CO)(Cyttp) 8a) [10]. The
same product was obtained by starting with eachnoéf
anti-Ru(k?-0,CMe)(CO)(Cyttp)]BR (3a(BF34)), [meranti-
Ru(k?-0,CPh)(CO)(Cyttp)|BE (4a(BF4)), [meranti-Ru
(x2-0,COMe)(CO)(Cyttp)]BR (5a(BF4)), and neranti-
Ru(k2-0,COELt)(CO)(Cyttp)]PE (6a(PFs)). Similarly, re-
actions of concentrated hydrochloric acid with each
of [mersynRu(k?-0,COMe)(CO)(Cyttp)]BR (55BF4))
and [mersynRu(k?-O,COEL)(CO)(Cyttp)]PE (6PFs))
affordedcis-mersynRuCh(CO)(Cyttp) 89.
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2.6. Crystallographic analyses

All data were collected on a Rigaku AFC5S diffractometer
at room temperature using MooKradiation. Cell constants
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to 0.76(3) for C(2A), with C(2A) constrained at 0.24. There
is a solvent molecule of acetone, which is refined with an
occupancy factor of 0.75. There also appear to be thpg H

molecules in the asymmetric unit, and one of them is lo-

were determined by a least-squares fit of the diffractometer cated on a twofold axis. The occupancy factors for all three

setting angles for 25 reflections in the tange 20-30. All
calculations were done with the TEXSAN pack§2e]. Full
matrix least-squares refinement was basedr oHydrogen

atoms are included in the models as fixed contributions in cal-

culated positions with the assumption thatiC= 0.98A and

H,0O molecules were refined and set at 0.79(3) for O(6) and
0.27(3) for O(8). The occupancy factor for the thirg®
oxygen, O(7), refined to a value of 1.02, and was fixed at 1.0
for the final cycles. Because of the large thermal parameters
for the acetone and D, these molecules were only refined

B(H) =Beq(C)-1.2. Scattering factors for neutral atoms and isotropically, and no hydrogen atoms were added.
anomalous dispersion terms for non-hydrogen atoms were
used[27]. A summary of the crystal data and the details of ]
the intensity data collection and refinement are provided in 2:6.3. Analysis of [mer-syn-Rki-0,COMe)(CO)
Table 1 (Cyttp)]BF4-CeHe (5BFa4)-CeHe)
The data collection crystal, a clear, colorless rectangular
2.6.1. Analysis of mer-anti-RkR-0,CO) rod, was cut from a larger crystal grown from a &Eb/CsHe
(CO)(Cyttp)CH,C15-2H,0 (2a:CH,Cly-2H,0) solution. Six standard reflections were measured after every
The data collection crystal was a clear, colorless rod grown 150 reflections and indicated that a very small amount of
from a CH.Cly/hexane solution. During data collection, six crystal decomposition occurred during data collection. On
standard reflections were measured after every 150 reflecthe average, the intensities of the standards decreased by 1%,
tions and indicated that a small amount of decomposition @nd the data were corrected for this small amount of decay. A
was occurring. The standards decreased in intensity by ancorrection for absorption was made by the empirigaican
average value of 6%. A linear decay correction was applied method[28]. o . .
to the data. A series aof scans indicated that an absorption ~ Theasymmetric unitcontains comples a BF; ™ ion, and
correction was unnecessary. abenzene molecule of solvation. Several regions of this struc-
The asymmetric unit contains compl@g, a disordered ture appearto be disordered. One of the trimethylene bridges,
molecule of CHCl,, and two HO molecules. The disordered  C(4)-C(5)-C(6), appears to have two positions for atom
CH,Cl, was modeled by two orientations of the molecule C(5). These are introduced into the model as atoms C(5A)
with a common carbon atom. The site occupation factor for @nd C(SB), with occupancy factors of 0.62 and 0.38, respec-
the primary orientation refined to a final value of 0.60(1). tively, based on their peak heights from a difference electron
The disorder model was refined only isotropically. No hy- density map. The BF" ion is disordered, with two orien-
drogen atoms were added to the £Hp molecule or to the tations for this group related by rotation about theHgl)
two H,O molecules. The top five peaks in the final differ- bond. The B and F(1) atoms each have occupancy factors of
ence electron density map range from 0.76 to 1A4%and ~ 1.0; the occupancy factor for F(2A), F(3A), and F(4A) was

are all in the immediate vicinity of the disordered g, refined to 0.71(1), and this then fixes the occupancy factor
molecule. for F(2B), F(3B), and F(4B) (the second orientation) at 0.29.

The BR~ ion was refined only isotropically. The benzene
molecule of solvation appears to be disordered, since it ac-
quires very anisotropic atomic displacement parameters. No
attempt was made to model this disorder.

2.6.2. Analysis of mer-syn-R&f¢0,CO)(CO)
(Cyttp)}(3/4)MeC(O)Me2H20 (2s(3/4)MeC(O)
Me~2H20)

The data collection crystal was initially a clear, colorless
chunk, which had been cut from a much larger crystal grown
from an acetone/hexane layered solvent system. Six standar®. Results
reflections were measured after every 150 reflections during
data collection and exhibited a wide range of intensity vari- 3.1. Synthesis and reaction chemistry
ation. Two of the standards decreased in intensity by about
30%, while the decrease for the other four standards ranged The starting point of this investigation was synthesis of
from 8.5 to 13.6%. A linear decay correction was applied to synandanti isomers ofmerRu(k?-0,CO)(CO)(Cyttp) 2s
the data based on the latter four standards. Upon visual in-and 2a, respectively). These preparative studies were then
spection at the end of data collection, the crystal appearedextended to the related carboxylato and alkylcarbonato com-
cloudy and striated. plexes merRuk2-0,CR)(CO)(Cyttp)] (R=Me (3), Ph

The structure suffers from much disorder. One of the (4)) and jnerRu(k2-O,COR)(CO)(Cyttp)I (R=Me (), Et
trimethylene groups is disordered, with atom C(2) occupy- (6)), respectively. Carbonato, carboxylato, and alkylcarbon-
ing two positions, labeled as C(2A) and C(2B). Atom C(2B) ato ligand substitution reactions with chloride and iodide
was refined only isotropically. The occupancy factor refined were also probed with respect to stereochemical changes.
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Summary of crystal data, data collection, and structure refinement paramet2asIbpCl-2H,0, 25 (3/4)MeC(O)Me2H,0, and59BF4)-CsHg

Compound
Empirical formula
Formula weight
Crystal system
Space group

a(A)

b (A)

c(A)

a (%)

B ()

¥ ()

Vv (A3)

4

Deatc (g cni3)
Crystal size (mr)
Linear abs. coeff. (cmt)
20 limits (°)

Data collected
Scan type

No. of unique data

No. of unique data wittF2 > 30(F2)

Final no. of variables
R(F)?
Rw(F)°

Error in observation of unit weight (e)
Maximum and minimum peaks in final map4&e?)

2a.CH,Cl»-2H,0
GgHs104P3RU-CHCl2-2H,0

896.85

Triclinic
P
14.231(3)
17.364(3)
9.230(2)
93.10(2)
93.44(2)
104.83(2)
2195.1(8)
2
1.36

0.23x 0.27x 0.38

6.20
4<20<55
I, £k, £l
w— 20

10066
6301

454
0.055
0.067

1.89
1.54,-0.91

25(3/4)MeC(0O)Me2H,0
CagHp104P3RU-3/4C3HO-2H,0

856.46

Monoclinic
C2lc
21.517(6)
18.714(3)
22.757(3)

101.85(1)

8968(5)
8
1.27
0.23x 0.31x 0.35
4.88
4<29<50
+h, +k, I
w

8136
3335

448
0.060
0.065

1.60
0.77~0.50

59BF4)-CeHs
C39H64B F404 P3R U CG He
955.84
Monoclinic
PZ]_/I’]
14.464(2)
16.104(2)
20.822(2)

104.29(1)

4699.8(7)
4
1.35
0.12x 0.35x 0.42
4.80
4<29<55
+h, +k, %I
w
11170
5674
519
0.048
0.051
1.40
0.65-0.81

& R(F) = Y| Fol — | Fell IS | Fol. .
b Ru(F) = [¥ w(lFol — |Fe)?/ ¥ wl Fol2]"

cis-mer-Ru(BF,),(CO)(Cyttp)
1

mer-Ru(CO),(Cyttp) Oz

Cys

Scheme 1.

ComplexmerRu(k2-0,CO)(CO)(Cyttp) was reported by
Meek et al. to be formed by reaction of the solider
Ru(CO)(Cyttp) with molecular oxygef25] (Scheme 1but
was not characterized for tlsgnor anti configuration of its
Cyttp phenyl group. By employing a slightly modified exper-

with w = 1/6%(Fo).

,,,,,

C—,
Na,CO ? wPC
oLUs - (o) Y2

\(‘) PCy2

O
2s

imental procedure (cf. Sectigh3.1), we isolated pur@sas
a white solid in very good yield. Itsynstructure was estab-
lished by X-ray diffraction techniques (vide infra). Attempts
at isomerization o2s by heating in toluene or methanol at
reflux for 24 h showed no evidence of such a transformation.
The selective formation a2s upon oxidation of solidner
Ru(CO)(Cyttp) by O may be a result of the latter complex’s
crystal packing. It is possible that a molecule of €&n ap-
proach only one carbonyl ligand owing to Cyttp substituents
protecting the other CO from attack leading to oxidation.
The anti isomer2a was synthesized by reaction ois-
merRu(BF;)2(CO)(Cyttp) with NaCOgz in acetone solution
atroom temperaturéSgcheme ) Like 25 it also shows stabil-
ity to syn—antiisomerization under comparable conditions.
However, to obtain isomerically puBafrom 1and NaCOsg,
it is necessary to dissolve the reactants simultaneously (as a
solid mixture) or to add soli@ito NapCOgz in solution. When a
solution oflin acetone was stirred for 15 min and then treated
with NapCOg3, both2a (ca. 85%) an®s(ca. 15%) were ob-
served by*'P{1H} spectroscopy. The experiment shows that
at the time of addition of N8CO3, a mixture oflaandls
was present in solution. Solution behaviorlogs well as of
the relateccismerRu(OSQCRs)2(CO)(Cyttp), was inves-
tigated by variable-temperatutéF{*H} and*'P{1H} NMR
spectroscopyl0]. Owing to the complexity of the spectra,
which indicate a number of ongoing dynamic processes that
most likely involve different coordination of the anionic lig-
ands and their substitution by the solvent, the presence of
syr-anti isomerization could not be inferred with complete
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ois-mer-Ru(BF,)(CO)(Cyttp) o02Na _ O, | ROz

1 Cy2P

R = Me 3a(BF,)
R=Ph 4a(BF,)

Scheme 2.
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toward the CQ10]. In contrast, use of the weaker ligands
such as F and KO led tosyn-antiisomerization; however,
no rigorous order of addition of reactants was maintained in
these substitutions.

The carboxylato complexesieranti-Ru(k?-O,CR)(CO)
(Cyttp)]BF4 (R = Me (3a(BF4)), Ph @a(BF4))) were obtained
by treatment of solutions of sodium acetate and benzoate, re-
spectively, withl (Scheme 2 By following this order of
introduction of reactants into solution, only a singla+anti
isomer was detected for each productH9{*H} NMR spec-
troscopy. Based on the considerations presented above, and
from an analysis of the NMR data (cf. SectiB®), both

confidence. However, for the data to be consistent, such anproducts are formulated asiti. No anti to synisomerization
isomerization would have to be relatively slow compared to was observed faBa(BF4) and4a(BF,).

the other occurring reactions.

The structure ofl in the solid has not been elucidated;
however, it is probablyanti, like the structure of the re-
latedcissmerRu(OSQCFs)(CO)(Cyttp), established by X-
ray diffraction techniquefl0Q]. This is because both of these

complexes were prepared by very similar reactions, viz.,

treatment otis-mersynRuH;(CO)(Cyttp) (Cyttp Ph group
synto CO) with the appropriate acid, HBFor CRsSOzH.
Moreover, 1 and cismerRu(OSQCR3)2(CO)(Cyttp) un-
dergo substitution of BF and CESO;~ with other, stronger
ligands, for example, Hand I, in reactions that also pro-
ceed with retention of the orientation of the Cyttp Ph group

cis-mer-Ru(BF,),(CO)(Cyttp) . =N F§y2 _
1N BF,
1 oyP” | R
\Q/ Ph
) (0]
1 equiv.
> 2 equiv. Me;OBF, 5a(BF,)
MesoBF4
o
Y
n i
O, | = PCy, Ch, «~PCy»
=1\ } HCI > =T 3
Csz/ IU\P\ Cy2P/ |U\P\
N.C_“pn \C_Ph
O O
2a 8a
1 equiv.
\Etg,OPFG
Mel N HCI
RT Eie +
' Q
| C—o i
/

R PFg™
cyP” |U\R cvp” |L\P\ i
\%/ Ph \g/ Ph
7a 6a(PFg)
Scheme 3.

The methylation reaction of2a with 1equiv. of
[Me3Q]BF, affords the methylcarbonato complewrgranti-
Ru(k?-0,COMe)(CO)(Cyttp)]BR (5a(BF4)) (Scheme R
Surprisingly, when more than 2 equiv. of [M@]BF4 were
employed, the only phosphorus-containing species detected
in solution by 3P{1H} NMR spectroscopy wad. In
contrast, methylation ofs either with 1equiv. or with
more than 2 equiv. of [MgO]BF4 generates onlymersyn
Ru(k?>-OCO;Me)(CO)(Cyttp)]BR (59BF4)) in high yield
(Scheme % The different reactivities oRa and 2s with
>2 equiv. of [MgO]BF4 may be attributed td2a being

Me< q _l+
& "5 T
O, RCy2 /C\
/RU\P/Ph I O, | wPCYa
Cy2P, Y /Rlu\Q/Ph BF,
Cy,P
© N
5s(l) 0
1or
Mel > 2 equiv. 58(BFy)
RT MeSOBF4 LHCI
Q
Y cl
O, | PCY2 hel b, | WPOY2
c P/RIU\;/Ph cop” U\P/Ph
Y y
? \Q/ : W
o [¢)
2s 8s
1 equiv.
Et;OPF,
Mel \‘3 6
Ae a fHCI
Et
I \o T +
I”l:,’l | \‘PCy2 \T
/RI B/Ph PCy2
R L) /R|u\ ,Ph PFg
Cy.P P
© N/
7s (0]
6s(PFg)

Scheme 4.
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sterically less hindered tha®s in the vicinity of Rug?-
0,CO) owing to the Cyttp Ph group’s orientation away from
this site. As a result, a second equivalent of J@¢BF,
methylates Ru-bonded oxygen in precurSae(BF;), thus
leading to elimination of (MeQ)O and replacement of
the two oxygen donors with two BF ions at ruthenium.
With the sterically more encumber@d, methylation stops
upon formation o694BF,). These reactions represent, to our
knowledge, the first example of different reactivity ©fn
and anti isomers of metal Cyttp complexes. Treatment of
each2a and2swith 1equiv. of [EO]PFg resulted, as ex-

P.W. Blosser et al. / Journal of Molecular Catalysis A: Chemical 224 (2004) 133-144

Complex 2a reacts slowly with an excess of Mel
in benzene at room temperature to yietis-meranti-
Rulx(CO)(Cyttp) (7a), previously prepared frongis-mer
Ru(OSQCHR3)2(CO)(Cyttp) and NaJ10] (Scheme B When
the reaction with Mel was carried out ingDg solution, a
long-lived intermediate was detected by and 3'P{H}
NMR spectroscopy which showed presencenadrCyttp
and an OMe group. This intermediate may bem&r
Rul(OCO:Me)(CO)(Cyttp) containing!-methylcarbonato
ligand; it is probably formed by alkylation a?-carbonate
in 2aby Me* and substitution of one ligated oxygen by. |

pected, in the formation of the ethylcarbonato complexes Further reaction with another molecule of Mel would gize

[merRu(k2-0,COEL)(CO)(Cyttp)]PE as theanti (6a(PFs))
andsyn(69PFg)) isomers, respectively. All of the complexes
5(BF4) and6(PFg) were isolated as pure isomers, andgn

and (MeO)CO (not identified).
Heating a solution o2s and an excess of Mel in THF
at reflux temperature affordais-mersynRul,(CO)(Cyttp)

to-anti or anti-to-synconversion was observed. The structure (79 (Scheme % In contrast, by running the reaction at room
of 54BF,4) was determined by X-ray crystallographic tech- temperature for 16 bql) was obtained. Possible conversion
niques; the othesynandanti assignments are based on the O0f 54) to 7swith Mel under more forcing conditions was
(safe) assumption that the stereochemistry of the Cyttp Phnot investigated.

group is the same as in the precursor carbonato conblex Reaction of2s with an excess of concentrated aqueous
All assignments are supported by the NMR spectroscopic HClin CH2Cl rapidly produced the dichloridgs-mersyn
generalizations presented in Sectg RuCh(CO)(Cyttp) 8s). This previously unreported isomer

(D
ALY
CEVAS,
_ x‘?@ 8D
' o — ( \) 03

Fig. 1. Molecular structure &fa. Non-hydrogen atoms are represented by 50% probability ellipsoids. The hydrogen atoms are omitted for clarity.
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of 2 was also prepared by a similar treatment of the alkyl- or similar coupling of the carbonyl carbon to the centra) (P

carbonat&yBF,4) or 6 PFg) with HCI. The knownantiiso-
mer of8, cismeranti-RuCh(CO)(Cyttp) 8a), resulted when
each of the carbonato compl@e, carboxylato complexes
3a(BF4) and4a(BF4), or alkylcarbonato complexé&s(BF4)
and6a(PFs) was treated similarly with hydrochloric acid. All
of the dihalide complexesis-merRuXz(CO)(Cyttp) (X=ClI

or |) are stable with respect 8yn-anti isomerization.

3.2. Characterization of products

All new complexes were characterized by a combina-
tion of IR and NMR {H, 3P{'H}, and *C{'H}) spec-

and the wing (R) phosphorus atom$8Jdpcc~ 2Jpwc). These
assignments leave the remaining ®woctahedral positions
for occupancy by two halides or a bidentate carbonato, car-
boxylato, or alkylcarbonato ligand. The IR spectr&afand
2s[25] exhibit v(O,CO) absorptions expected for bidentate
carbonatd30], and those oBBa(BF4) and 4a(BF4) and of
5a(BF4), 594BF4), 6a(PFs), and6gPFg) show related absorp-
tions of bidentate carboxylate and alkylcarbonate, respec-
tively [31]. The IR spectra of the aforementioned complexes
also display a strong (CO) absorption, which occurs, as ex-
pected, at 1918-1915 crhfor the electrically neutral metal
carbonate®a and 2s [25] and at 1960-1935 cnt for the

troscopy, FAB mass spectrometry, and elemental analy- cationic metal carboxylates and alkylcarbonates. The pres-

sis. The structures ofa (as 2a.CH,Cl,-2H,0), 2s (as
25(3/4)MeC(O)Me2H,0), andss(as594BF4)-CgHg)) were

elucidated by X-ray diffraction techniques.

The meridional orientation of the Cyttp ligand in all com-
plexes is indicated by both the;X pattern in the’*P{*H}
NMR spectrg6,7,9,10]and the'3C{*H} NMR resonances

ence of these ligands is also reflected by the appearance in the
13C{1H} NMR spectra of the appropriate signabdi66 ppm
for 2, 187 ppm for3 and4, and 161 ppm fob and®6.

The crystallographically determined structureaf2s
and 5s are presented with ORTEP drawings Figs. 1-3
respectively. Selected bond distances and angles are given in

for the CH cyclohexyl carbon atoms, which appear as vir- Table 2

tual triplets[29] at § 42.1-33.1 ppmJpwc=10-12 Hz) and
38.6-32.5 ppmJIpwc=9-11Hz). The lone CO ligand is in

The three structures show thati orientation of the Ph
group in2aand thesynorientation in2zsand5s, but reveal no

all case<isto the three P donors, as shown by either equal unusual features. All bond distances and angles fall within

NS

mﬁc
K
UE IR

o5

P2
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Fig. 2. Molecular structure s Non-hydrogen atoms are represented by 50% probability ellipsoids. The hydrogen atoms are omitted for clarity.
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Fig. 3. Molecular structure ds Non-hydrogen atoms are represented by 50% probability ellipsoids. The hydrogen atoms are omitted for clarity.

normal ranges for comparable complexes. The-@ulond
distances vary from 2.119(4) to 2.143@4150r the carbonates
2aand2s being similar to the distance 2.087(55)‘ound in
Ru(k2-0,CO)(bipy) [32J. For5s the Ry#-O bond distances
of 2.185(4) and 2.205(4 are consistent with those found in
related complexd83—35] The carbon—oxygen bond lengths
of 2a and2s (cf. Table 2 are close to those found in other
carbonato complexg86,37] and indicate considerable lo-
calization of these bonds, viz., R#D),C=0. The corre-
sponding bonds 0fs— O(2)-C(38) 1.261(6), O(3)C(38)
1.251(7), O(4)}C(38) 1.335(6)&—suggest adelocalized lig-
and representation, RuD),C—OMe. The G-O bond length
of 1.335(6)& compares well with that reported for organic
carbonates (1.321 av. [38]). Concerning RuCyttp bond-
ing, the shorter RuP(2) bond as compared to RR(1) and
Ru—P(3) in each oRa, 25 and5sis typical of meridional
Cyttp complexes with weaklfrans-labilizing ligands oppo-
site to R [3,10].

Apart from orientation of the Ph group, the most impor-
tant difference in structure between taeti isomer2a and
the syn complexes2s and 5s is the magnitude of the an-
gle P(2)-Ru—C(37). This angle is substantially larger 2
(96.3(2)) than for 2s (84.4(4y) or 5s (84.2(2)). Signifi-
cantly, the angle P(2Ru-0(2) is larger for2s (109.0(2))
and 5s (107.8(1Y) than for 2a (101.9(1)); however, the

phenyl group on P(2) and CO . Interestingly, the struc-
turally characterizedynandanti isomers ofmerRuCl(n?3-
PhCH=C—C=CPh)(Cyttp) show a pronounced difference in
the angle B~Ru—Cl, which is greater for the former, and a
less pronounced difference in the angle-Ru—(vinyl C),
which is greater for the lattg8].

Complex?2a also differs from2s and 5s with respect to
displacement of the Ru center from the plane of three P donor
atoms. Whereas Ru is nearly coplanar with the P atoris in
and5s(a displacement of 0.0321 and 0.0(ﬁ?,&espectively,
toward the CO), it is substantially out of that planeda
(0.14885\ toward the CO). Furthermore, the position of Ru
with reference to thedPlane is reflected in the magnitude of
the P(13-P(2)-P(3) bond angle, which is 172.85{@pr 2a,
but closer to 189, viz., 176.6(1) and 176.11(%)for 2sand
5s respectively.

The aforementioned structural differences between the
synand theanti complexes affect certain aspects of their
13C{1H} and3!P{*H} NMR spectra. Interestingly, resultant
differences in NMR spectroscopic properties are observed
not only for 2a, 2s and5s but also for the othesynand
anticomplexes of the typejerRu(k2-0,CX)(CO)(Cyttp)[

(3-6) andcis-merRuX,(CO)(Cyttp) (7, 8) obtained in this
study. Such general behavior would seem to indicate that the
syn—antidifferences in structure extend to this whole group

difference is not as pronounced as that for the angle of complexes.

P(2)-Ru—C(37). These structural results may be rationalized

The values ofJpccfor thel3C resonance of CO are invari-

by a greater steric repulsion between the phenyl group on P(2)ably larger for thesynthan for the correspondirantiisomers

and the carbonate oxygen O(2)2sand5sthan between the

(A =4-9Hz). This appearsto be a consequence of the relative
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Table 2 _ . ruthenium(ll) Cyttp complexes in isomerization and ligand
Selected bond distances)(and bond angles®] of 2aCH;Clz-2H;0, substitution reactions. Previous studies revealed that some
25(3/4)MeC(O)Me2H,0, and5s(BF4)-CsHs complexes display high configurational stability while other
2a 2s 58 complexes show propensity to undegoranti isomeriza-
Ru—P(1) 2400(2) 23402(3) 2397(1) tion [7,8,10,20]
E“u:gg; 224113% 243184318; ;i;gg; We find in this investigation that octahedral ruthenium(ll)
Ru-0(2) 2121() 2126(7) 2185(4) complexes of the typeni_er—Ru(KZ-OZCX)(CO)(Cyttp)]"
RU—0(3) 2119(4) 2143(6) 2205(3) (n=0, 2, n=+1, 3-6) andcis-merRuX(CO)(Cyttp) (, 8),
Ru—C(37) 1821(6) 1809(14) 1824(6) all containing ligands that do not readily dissociate, display
O(1)-C(37) 1160(7) 1170(13) 1151(6) high stability towardsynto-anti and/oranti-to-synisomer-
88:2522; igggg; g;ggg iggig ization. This behavior may be contrasted with that reported
0(4)-C(38) 1236(7) 1263(12) 1335(6)  OF 1 andcismerRu(OSQCR)(CO)(Cyttp) with weakly
0(4)-C(39) 1430(8) coordinating anionic ligands, for whigdyn—antisomeriza-
P(L-RU—P(2) 8769(6) 926(1) 8877(5) tion has been implicated by solution NMR spedtr@]. Fur-
P(1)-Ru—P(3) 172'85(6) 1766(1) 17611(6) ther examples _of observed isomerization inclggieto-anti
P(1-Ru—0(2) 826(1) 885(2) 904(1) conversions ofiss-merRuHx(P(OPh})(Cyttp)[20] andmer
P(1-Ru—0(3) 922(1) 874(2) 881(1) RUCl(n3-PhCH=C—C=CPh)(Cyttp)[7,8]. The former has
ig)):iuu:gg) g;gg&) 3328 322(22(;) been attributed to sterig factors (bulky P(OPhyand syn .
P2 -RU—O(2) 1019(1) 1090(2) 1078(1) }itTe Ph group of Cyttp in the rezactimt),. wherea}s the latter is
P(2)-Ru—0(3) 1636(1) 1713(2) 1672(1) ikely driven by a stronger Re(m —C=Q) interaction in the
P(2)-Ru—C(37) 963(2) 849(4) 842(2) anti product than in theynreactant, as inferred from crystal-
P(3)-Ru—0(2) 903(1) 890(2) 883(1) lographic datd8]. Thus, it appears that formation of a five-
ig)):Eu_g((g)n ggig; ggg% ggég coordinate intermediate in these reactions trigggrsanti
Ut ) o
O(2Ru—0(3) 619(2) 623(2) 598(1) Isomerization. . .
0(2)-Ru—C(37) 1607(2) 1660(4) 1680(2) Ligand substitution react_|ons of ruthgnlu_m(ll) Cyttp_com-
O(3-Ru—C(38) 1000(2) 1038(4) 1082(2) plexes support the foregoing generalization. Reactions of
Ru—0(2)—C(38) 921(4) 915(7) 897(3) freshly prepared solutions (to forestall isomerization) of the
g?;)g(c?’(;()ii?’oig) ﬁggg 1%?55;3) 1829];52; ar_1ti isomer o_fl or of cis—mer—Ru(OSQCFg)z(C_O)(Ciyttr_))
O(2)—C(38)-0(4) 1220(7) 122(1) 123(6) with varéjous I|gan(|js,(fjor examp_le, Q;féh RCQ , QI , If A
0(3)-C(38)-0(4) 1241(6) 123(1) 1164(5) [10], and H™ [10], ea to retention of the orientation of the .
Ru—C(37)-0(1) 1729(5) 178(1) 1781(5) Ph group of Cyttp in the products. The same stereochemi-
Ru—P(2)-C(19) 1199(2) 1187(4) 1168(2) cal result was obtained whe&a and2sreacted with HCI to
C(38)-0(4)—C(39) 1166(5) give 8aand8s, respectively. Likewise, replacementf-H,

in cissmerRuH(n?-Ho)(Cyttp) with CO, Ny, or PhCHNC

size of the angleRu-C(of CO). Carty and coworkers have proceeds to a single isomer of each proda6{. In contrast,

shown thafJpccdepends on theM—C bond angle, increas- corresponding. reaction with P(OMgeaffords a mixture of
ing as the angle progressively decreases below 139j. thesynandantiisomers osynmerRuH;(P(OMek)(Cyttp),
In the31p{1H} NMR spectra, the resonance of B down- probably owing tosynto-anti conversion for steric reasons

field from the resonance ofyin each of the complexez-8 of the initially formed producf20], as for the analogous

- . ; . P(OPh} complex (vide supra).
(A =4-24ppm, and generally 16—24 ppm). This relationship ; - ! . .
results from a wealcans-abilizing ligand being opposite to Dissociatively stable six-coordinate ruthenium(ll) Cyttp

P. [3]. In addition, the resonance of Por eachanti isomer complexes do not undergyn-anti isomerization, since no

is downfield with respect to the corresponding resonance forIOW energy intramolecular process exists that would effect

thesynisomer (generally by 7-9 ppm), aRdbcpuwis slightly such a transformation. However, for five-coordinate trigo-
- ’ cPw . . .. . .
larger for theanti isomer (A = 1.3-3.3 Hz). These trends are nal bipyramidal complexesyn-anti isomerization can take

a direct consequence of the displacement of Ru from ghe P place by an exchange process that interconverts two of the

plane. For example, a larger displacement of the Ru atom forthr.ee quatorlal as_well as the two axial Ilgands: Th'|s mech-
2a than for 2sis expected to result in a poorer overlap of anism will be considered in a subsequent publication deal-

the phosphorus and metal orbitals, thus leading to a greateljng with additional chemistry of ruthenium Cytip complexes
deshielding of Rin the former compared to the latter isomer. [40].
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