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The barriers to racemization in GD,Cl, of [Ir{Fe(P@-tolyl)2)(CO)~($-C~H~)}~]* 
BF4- and EIrIRu(P@-tolyl),)(CO)~(~s~~H~) 3# BF,- are 17.5 and 1’7.8 kcal/mol 
respectively. Both clusters add Hz reversibly at 1 atmosphere and room tempera- 
ture. The former aLso forms an adduct with Hz and CO when exposed to both 
gases simultaneously_ 

We have previously reported [l] that the chiral polynuclear cation [Rh{FePArz- 
(CO),(d-C,H,))J*BF4- (Ia) has a racemization barrier of 12.6 kcal/mol, deter- 
mined by variable-temperature {“‘PI ‘H NMR of thep-tolyl groups. We con- 
sidered that, as the racemization process involved distortion of the metal-metal 
bonds, analogous compounds with second- and third-row transition met& should 
have higher barriers. We now report the preparation and examination of a number 
of such chirai cationic clusters I_ 

The synthesis of Ib (the preparation of which has been mentioned briefly by 
Haines and coworkers [2]) is easily carried out by the method developed for Ia, 
with Ir(CO),@-toIuidine)C [3] substituted for [Rh(CO),CI],. 

FpCl + P&H C6H6, Fp(PAr,H)+ Cl- 

(Ha) Ar = phenyl 

IIa + Ir(CO)&&oluiame)Cl 
1.&bis(dimethylaminoamino)naphthalene 

CH2CL 
*(FpPAr,),lr(CO)~ 

(IIIa) Ar = phenyl 

(q? 7 (qs rr, iF+Ok 1 (72% yield from FpCl) 
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(Ia) M = Rh, M’= Fe.Ar = p-tOlyl 

<Ib) M = Ir . M’ = Fe ,Ar= phenyl 

(1~) M = Ir , M’ = Fe, Ar = p-tolyl 

(ICI) M = Ir , M’ = Ru, Ar = phenyl 

(Ie) M = Ir , M’= Ru .Ar= p-tolyl 

IIIa $z* Ib (40%) 

(FP = WGH,)Fe(CO)A 

The synthesis of the Ar = p-tolyl analog (Ic) is easily accomplished by the 
same general procedure_ 

The ruthenium analogs Id and Ie require a slight variation. (qS-C5Hs)R~(C0)2Cl 
is most easily prepared from [Ru(CO)~C&]~ [4] by a minor modification (aqueous 
extraction of the product from the fiitered reaction mixture) of the method of 
Stone [5]. Direct reaction with secondary phosphines does not produce the 
ruthenium analog of the cation IIa above; however, after previous removal of the 
chloride ligand with silver [S] such a complex can be obtained. 

($-CsHs)Ru(CO) Cl 2 = pArzH, 
THF 

($-CsHs)Ru(CO)I(PAr~H)+ BF,- (60%) 

(11~) Ar = Ph 
(IId) Ar = p-tolyl 

IIc or IId + Ir(C0)2(p-toluidine)C1 ktra~c~~~~anidine~ 

[(~5-CsH,)Ru(C0)2P~~]~lr(CO)C1 (55%) 

(IIIc) Ar = phenyl 
@Id) Ar = p-tolyl 

111~ or IIId yzm Id or Ie (50%) 

IR spectra of compounds I, 11, and III are given in Table 1, and NMR data 
relevant to the racemization barriers of the compounds I are given in Table 2_ 
Fortunately, in Ic and Ie, unlike Ia [l] , the methyl resonances of the in- 
equivalent p-My1 groupS.are well separate+ in the low-temperature limit and the 
NMR analysis is simple_ Racemization barriers have indeed increass wellabove 
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TABLE 1 

CARBONYL REGION Iti DATA FOR COMPOUSDS I-VI IN CH,Cl, __-- _____ ._ .__.-:_.-..__._- -_.-----_ 
Compound v(CO) (cm-‘) ___- 
Ib 2010.1830.1798 
IC 2009.1827.1?97 
Id 2012.1640.1810 
If! 2014.183i. 1807 
II& IIb 2065.2020 
11~. IId 2072.2022 -_.. 

Comtmund V(C0) (cm-‘) __._____.._..__.~..-.- -_.-_ ~.____ _..- .-. 
IIIa. IIIb 2025.1974 
111~. IIId 2040.1985 
IV 2083.2052.1990.1970 
V 2041.2003.1966 
Via 2068.2034.1989 
VIb 2092.2052.2032.1990 _____ 

the 12.6 kcal/mol of Ia, showing the expected effect of substitution of Ir for Rh. 
However, the effect of substitution of Ru for Fe is much smaller. 

The IrRuz cluster Ie dissolves unchanged (by IR) in a much wider variety of 
solvents than Ia or Ic, permitting the evaluation of solvent effects on the racemiza- 
tion barrier (see Table 2). Although interpretation of solvent effects on rearrange- 
ments of a charged molecule is always complicated by inevitable changes in ion- 
pairing effects, it seems clear that the solvent effect is not particularly large, and 
that the extent of solvation in the racemization transition state may be less than 
previously suggested [l] _ 

Our interest in t.hese molecules is of course fundamentally due to their poten- 
tial as polynuclear homogeneous catalysts [7]_ We have therefore examined their 
reactions with molecular hydrogen and carbon monoxide. 

When a solut.ion of the RhFe, cluster Isis treated with hydrogen no detectable 
reaction occurs (although we have not examined the system under pressure). 
However, a solution of the rust-colored IrFe, cluster Ib turns burgundy when 
hydrogen is bubbled through it. Formation of the hydrogen adduct IV is com- 
plete within 5 minutes_ Furthermore, the reaction is reversible: the characteristic 
1R bands of Ib appear in a few hours when N2 is bubbled through a solution of 
IV, and if the solution is evaporated to dryness and the resulting solid left under 
vacuum for a day most of the IV is converted back to Ib. (Side reactions, now 
under investigation, prevent quantitative recovery of Ib). A similar reversible re- 
action occurs with the IrRu, cluster Id. The ‘H NMR of IV at 20°C (s, lOH, T 
5.75 ppm; t, J 17 Hz, 2H, T 32.8 ppm) confirms that it is the adduct of Ib and 
one equivalent of Hz_ 

Ib + H2 = IV 

The IrFe2 cluster Lb, like the RhFel cluster Ia, forms a CO adduct V. By 

TABLE 2 

VARIABLE TEMPERATURE ‘II NMR DATA FOR I 

compound Solvent Low temperPture limit Teo~ewe~~ <%I AGL- 

C<CH,MPtolYl)*Dm) MtolYl)(Ew 
(kal mol-'1 

XC W'."I 2.26.2.31 4.5 50 17.5 
Ie C,D.a, 2.32.225 6.2 58 17.8 
xc. wi* 227, 3.33 5.7 51 17.4 _ 

CAQz 
10% Etolhi, 

I=~ EtOH-d, 228.3_33 6.7 61 18.0 
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analogy to the known [9] I&(CO) ,“, and on the basis of its chemistry, it seems 
likely to have the structure 

co co 

\I 
<X-C,H,) KO)2Fe-PAr2-Ir+-PAr2-Fe(C0)2(Z-C5i-Q 

I 
co 

The formation of this CO adduct V from Ib is for all practical purposes 
irreversible. 

Like Lb, V Forms an adduct with hydrogen (Via). Its ‘H NMR (triplet, 517.5 Ha, 
5 18.55 ppm) and infrared spectra (v(Ir-H) at 2148 cm-’ ; v(C0) in Table 1) 
permit conclusive assignment of its structure. The change in frequency of two 
carbcmyl bands between Via and the analogous deuterium adduct VIb is defini- 
tive evidence that the iridium carbonyl Egands are truns to hydride ligands; many 
complexes of this basic structure are known for simple phosphine ligands [lo] _ 
(The light yellow color of V and VI reflects the absence of direct metal=etal 
interactions, and the chemistry is analogous to that of known mononuclear 
species [9])_ 

Treatment of Via with CO reforms the IrFel cluster carbonyl adduct V. The 
cluster Ib thus binds CO more tightly than Hz, but the species thermodynamical- 
ly.favored at room temperature and modest pressures is Via_ The complete 
scheme for adduct formation with 11, is thus: 

IV * 
+3co 

Ib _ V *Hz. -CO\ Via 
2 -332, +CO 

Its validity has been confirmed by treating IV, formed from H2 and Ib, with a 
mixture of Hz and CO overnight; eventually only Via is present. 
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The structure of IV 4 unclear- The intense color suggests preservation of the 
metal-metal bonds;.one possibility, consistent-with the NMR, is shown. 

We have been unable to locate v(M-H) and cannot rule out bridging hydrides_ 
To our knowledge, Ib and Id are the first metal clusters reported capab!e of 

binding hydrogen reversibly under mild conditions. The complete adduct forma- 
tion scheme for Ib iib&rates the ability of breakable metal--metal bonds to serve 
as the equivalent of vacant coordination sites in mononuclear complexes. 

Acknowledgement is made to the Donors of the Petroleum Research Fund, ad- 
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Foundation for support of this research_ We also thank Matthey-Bishop, Inc., 
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