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Hlr(PMe3j4 reacts with malonodinitrile and carbon dioxide to give [H21r(PMe3)4]+[02CCH(CN)2]-, the structure of 
which has been determined by X-ray diffraction. 

The activation of carbon-hydrogen bonds by transition metal 
complexes as a means of modifying alkanes has been of interest 
during the past two decades,' but only a few examples of 
metallation and subsequent carboxylation of activated hydro- 
carbons have been reported. Herskovitz et al. described the 
reaction of [Ir(depe)2]C1(l) (depe = Et2PCH2CH2PEt2) with 
acetonitrile and carbon dioxide [equation (l)] .2 The product 
was only characterized spectroscopically in solution. The 
related complexes [Ir(PMe3)4]Cl 2 (2), [ I r (dm~e)~]Cl3  (3), 
and (H)Fe(dm~e)~(Np)  (dmpe = Me2PCH2CH2PMe2; Np = 
2-naphthyl)4 appear to react in a similar way. We report the 
reaction of malonodinitrile with iridium and rhodium com- 
plexes under C 0 2  pressure [equation (2)]. 

(cis-phosphines) and as a distorted triplet at 6 1.70 (trans- 
phosphines).' The structure of (5)  is supported by the 13C 
n.m.r. spectrum [ C O ,  6 171.7; CzN, 6 132.2; (NC)2C, 6 30.51 
and the 3lP n.m.r. spectrum (A2B2 pattern, 6 -51.33 and 
-57.33 p.p.m., t ,  J20.1 Hz). The crystal structure of complex 
(5)  has been determined; see Figure 1.z 

The dicyanoacetate anions form a dimeric unit with an 
O(1)-O(2') distance of 2.615 A, which implies the existence of 
hydrogen atoms between the two 0-0 bridges. C(3) has sp2 
hybridization. Two hydrogen atoms and four PMe3 groups 

(Rh(dm~e)~]Cl  tran~-[HM(L)~Cl] + [02CCH( CN),] - 
(7), M = Ir, L = depe 
(S), M = Rh, L = dmpe 

(6)  

[L,MX] + CH2(CN)2 + CO2- 
[L,MXH] + [ O,CCH(CN),]- (2) 

L = PMe3 ( n  = 4), dmpe, or depe ( n  = 2) 
X = C1, H ;  M = Ir, Rh 

Stirring a solution of HIr(PMe&, (4) and malononitrile in 
tetrahydrofuran (THF) under a C 0 2  pressure of 60 bar at 
50 "C for 15 h afforded a suspension of a white solid. Cooling 
the mother liquor yielded pale yellow crystals of composition 
[H~IT(PM~~)~]+[O~CCH(CN)~]- ( 5 ) .  The i.r. spectrum of ( 5 )  
(KBr mull) shows bands at 2197vs, 2173vs, 2142w, 1612vs, and 
1330s cm-1 which are assigned to the dicyanoacetate anion. 
Two bands at 2058vs and 2034vs cm-1 are due to Ir-H 
vibrations. The room temperature 1H n.m.r. spectrum of (5) 
shows two distorted triplets at 6 -12.8 and -13.3 (JppH 21 
Hz), assigned to the cis Ir-H2 unit. The shape of the signal 
shows the complex to be fluxional.5.6 The methyl protons of 
the PMe3 ligands absorb as a doublet at 6 1.62 (.IPpH 7.8 Hz) 

'r The formulation of the anion as [O,CCH(CN),]- is a simplification 
of the true structure; see description in the text. 
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Figure 1. The molecular structure of [H21r(PMe3)4]+[02CCH(CN)2]- 
(5 ) .  The short distance O(1)-O(2') of 2.615 8, implies the existence of 
a strong hydrogen bridge between these atoms. Selected bond lengths 
(A) and angles ("): Ir-P(l) 2.318(2), Ir-P(2) 2.308(2), Ir-P(3) 
2.350(2), Ir-P(4) 2.368(2), 0(1)-C(4) 1.317(9), 0(2)-C(4) 1.257(9); 

1 2 0 3  7). 
C( l)-C( 3)-C( 2) 1 17.7 (7), C( 1 )-C( 3)-C( 4) 12 1.7( 7), C( 2)-C( 3)-C( 4) 

t: B.  A. Frenz, SDP, Structural Determination Package, College 
Station, Texas 77840, U.S.A. CrysfaI data: pale yellow plates (from 
THF): a = 9.738(2), b = 10.225(2), c = 13.310(2) A, Q! = 94.1612), 
p = 92.04(2), y = 95.27(3)", U = 1315 A3, triclinic, space group P1, Z 
=2,F(OOO) =604,D,= 1.53g~m-~,p=53crn-~;Enraf-NoniusCAD4 
diffractometer, Mo-K, radiation, graphite monochromator, Om,,. = 
60", h(-10 to 10)k(-10 to lo)/(-14 to 14), 6790 reflexions, 3185 
independent [ I  > 3a(l>], 226 parameters, full matrix least squares 
refinement, H-positions, calculated and added to structure factor 
calculations; R = 0.050, R, = 0.061. 

Further details of the crystal structure determination can be 
obtained from the Fachinformationszentrum Energie Physik 
Mathematik, D-7514 Eggenstein-Leopoldshafen 2, by quoting the 
depository number CSD 52020, the names of the authors and the 
journal citation. Atomic co-ordinates, bond lengths and angles, and 
thermal parameters have been deposited at the Cambridge Crystallo- 
graphic Data Centre. See Notice to Authors, Issue No. 1, 1986. 
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surround the central iridium atom octahedrally, although 
during refinement the hydrogen atoms could not be located. 
The co-ordination of the phosphorus ligands around the 
iridium atom is distorte! tetrahedral with Ir-P distance 
between 2.308 and 2.368 A. 

Analogous to HIr(PMe3)4 the complexes [ I r (de~e)~]CI  (1) 
and [Rh(dm~e)~]Cl  (6) react with malononitrile and C02 
giving tran~-[HIr(depe)~Cl] + [ 02CCH(CN)2]- (7) and trans- 
[HRh(dmpe)2C1]+[02CCH(CN)2]- (S), respectively, charac- 
terized by i.r., and 'H, 13C, and 31P n.m.r. spectroscopy. 
Complex (7) shows a 1H n.m.r. quintet at 6 -22.4 assigned to 
the Ir-H group. The 31P n.m.r. spectrum shows only a single 
peak, showing the phosphorus atoms to be equivalent. The 
structure of (7) was confirmed by an X-ray diffraction study, 
details of which will be published elsewhere. 

Comparison of complex (7) with the product of the reaction 
of [Ir(depe),?]Cl with acetonitrile and C 0 2  postulated by 
Herskovitz2 to be [H1r(O2CCH2CN)(depe)2]Cl show that 
they give the same 1H n.m.r. shifts, indicating that both 
complexes have a similar structure. 

The present results demonstrate that electron-rich transi- 
tion metal centres enable the C-C linking to take place of 

activated alkanes and C02 .  This reaction offers an interesting 
way of making metal complexes and may serve as a basis for 
the creation of new catalytic reactions using carbon dioxide as 
a feedstock in chemical synthesis. 
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