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trans to the ortho-metalated carbon atoms; e.g. for 4 the distances 
are 2.270, 2.215 A (trans to Pt-Pt) and 2.248, 2.230 A (trans 
to C)’. In contrast, the Pt-P bond lengths in 8 are similar; the 
fact that the Pt(l)-P(3) bond length [2.320 A] is slightly greater 
than the others [2.305 A] may be because the Au(PPh3) fragment 
is tilted slightly toward Pt(2) rather than P t ( l ) .  

The magnitudes of some of the coupling constants in  Table I 
are sensitive to oxidative addition to the Pt-Pt center. The 
magnitude of JBx (ca. 4500 Hz) in complexes lb12 clearly shows 
the axial Pt-P bond to be trans to the bridging iodo group, which 
has a low trans influence. The coupling constants JBXt and JBB. 
decrease in the order [Pt-.Pt] > [Pt--Au-PtJ > [Pt--I--Pt] for 
each series, e.g. Jsx. = 1039 (4), 51 1 (7), and 130 Hz (10). The 
Pt-Pt distances increase in the same order, which suggests that 
these long-range coupling constants may be a rough guide to the 
strength of the Pt-Pt interaction. Similar correlations of 2Jp,p 
with the Pt-Pt distance have been observed in closely related 
diplatinum complexes containing bridging dppm.22 It would be 
of obvious interest to see whether Jxx. correlates with the Pt-Pt 
distance in this series of complexes,23 but unfortunately we have 
been unable to derive JplR values from the spectra of complexes 
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As part of our initiative in  developing new applications for 
[ HFe(CO),]- in organic synthesis,’ catalysis,2 and coordination 
chemistry, we have recently discovered an expedient synthesis of 
Fe(CO)3(PPh3)2 in 82% yield by reaction of K[HFe(CO),] with 

( I )  (a) Brunet, J.-J.; Kindela, F. E.; Neibecker, D. Synrh. Commun. 1989, 
19, 1923. (b) Brunet, J.-J.; Passelaigue, E. J .  Orgonomet. Chem. 1989, 
375, 203. 

(2) (a) Brunet, J.-J.; Taillefer, M. J .  Orgonomet. Chem. 1988,348, C5. (b) 
Brunet, J.-J.; Taillefer, M. J .  Orgunomet. Chem. 1989, 361, CI.  (c) 
Brunet, J.-J.; Taillefer, M. J .  Organomet. Chem. 1990, 384, 193. (d) 
Brunet, J.-J.; Passelaigue, E. FR Demande 89.13055, Oct 2, 1989. (e) 
Brunet, J . 4 . ;  Passelaigue, E. Organometallics 1990, 9, 171 I .  

Table I. Synthesis of H2Fe(C0)2[P(OR)l]2 Complexes’ 
product 

R (% yield) formula elem anal. 
Me l ( 9 0 )  C8H2,,FeO8P2 calcd: H, 5.57; C, 26.54 

colorless oil found: H, 5.60; C, 26.32 
Et 2 (91) C14H32FeOBP2 calcd: H, 7.23; C, 37.69 

colorless oil found: H, 7.41; C, 37.75 
Ph 3 (94) C38H3ZFe08P2 calcd: H, 4.39; C, 62.12 

white crystals found: H, 4.31; C, 62.32 
m p  = 84-85 ‘C 

“See Experimental Section. 

triphenylphosphine in ethanol at  70 OC, 24 h.,s4 This procedure 
has been successfully applied to other phosphines.s 

In a continuation of our study concerning the reactivity of 
[HFe(CO),]- with phosphorus compounds, we have now found 
that the reaction with phosphites follows a different course. We 
wish to report here a very simple and efficient synthesis of 
H2Fe(CO)z[P(OR)3]2 complexes (R = Me, Et, Ph). 

Results 
Addition of P(OMe), (22 mmol) to a solution of K[HFe(CO),] 

(1 1 mmol) in MeOH (60 mL) at  room temperature under argon 
results in the evolution of 22 mmol of carbon monoxide (GC 
analysis) within 1 h gith a simultaneous thickening of the reaction 
medium. Evaporation of the solvent, followed by a very simple, 
but careful, workup (vide infra), allows the isolation of the complex 
H,Fe(CO),[P(OMe),], (1) (75% yield) (eq I ) ,  identified by 
comparison of its IR and N M R  (IH, 31P) spectra with literature 
data,6 by I3C N M R  spectroscopy, and by elemental analysis. 

As the reaction depicted in eq 1 appeared very expedient and 
easy to perform, it was further attempted to include other 
phosphites. Reaction of P(OEt), with K[HFe(CO),] under the 
conditions of eq 1 gives the previously unreported H2Fe(C0)2- 
[P(OEt),], (2) in 68% yield. When the reaction was attempted 
with P(OPh), in methanol, a complex mixture resulted. This 
complex mixture is attributed to the partial exchange (as evidenced 
by ‘ H  N M R )  of the phenoxy groups on the phosphorus atom by 
methoxy ones.’ This observation led us to carry out these reactions 
in H 2 0 / T H F  solvent mixtures, which proved to be particularly 
convenient for the synthesis and isolation of H2Fe(CO),[P(OR),I2 
complexes 1-3 (eq 2, Table I ) .  

2; R = Et 
3, R = Ph 

(2) 

Spectral characteristics for complexes 1-3 are reported in Table 
11. The IR and IH and ,IP N M R  spectra of 1 and 3 are in full 
agreement with previously reported data for H2Fe(CO),[P(0R),l2 
(R = Me, Ph), both having trans phosphites and cis hydride 

The spectroscopic data unambiguously show that 
complex 2 has the same configuration. Finally, ”C N M R  data 
for complexes 1-3 are reported here for the first time. 

(3) Brunet, J.4.; Kindela, F. B.; Neilbecker, D. J .  Organomet. Chem. 1989, 
368, 209. 

(4) Another efficient synthesis of Fe(CO),(PPh,), simultaneously appeared: 
Keiter, R. L.; Keiter, E. A,; Hecker, K. H.; Boecker, C. A. Organo- 
metallics 1988, 7, 2466. 

( 5 )  Brunet, J.-J.; Kindela, F. B.; Neilbecker, D. Unpublished results. 
(6) Berke, H.; Bankhardt, W.; Huttner, G.; von Seyerl. J.; Zsolnai, L. 

Chem. Ber. 1981, 114. 2754. 
(7) Ash, C. E.; Kim, C. M.; Darensbourg, M. Y.; Rheingold, A. L. Inorg. 

Chem. 1987, 26, 1357. 
(8) Berke, H.; Huttner, G.; Zsolnai, L. Chem. Ber. 1981, 114, 3549. 
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Table 11. Spectral Characteristics for Complexes 1-3 
'H NMRbvC I3CI1H) NMRb,C 31P NMRbqd 

compd IR," cm-I 6, PPm JPH, Hz (mult) 8. PPm Jpx, Hz (mult) 8, ppm (mult) 
1 2020 (s) 3.57 (OCH,) 60  ( t )  21 1.9 (coy 18 ( t )  188.0 (t) 

2 2020 (s) 1.25 (CH3) 60  ( t )  212.5 (COY 18 (t) 182.2 ( t )  
1975 (s) -11.2 (Fe-H) 

1970 (s) 3.93 (OCHJ 
-1 1.0 (Fe-H) 

1990 (s) -1 1.3 (Fe-H) 
3 2040 (s) 7.2 (OC6H5) 62 (t) 209.0 (C0)g 16 (t) 175.1 (t) 

OPentane solution for 1 and 2 KBr pellet for 3. *CDCI, solution. cRelative to TMS. dRelative to H3P04. 'Other signal at 51.5 ppm (s) (OCH,). 
/Other signals at 60.3 ppm (s) (OCH2) and 15.8 ppm ( t )  (CH,). gother signals for aromatic carbons (s) at 151.5 ppm (C-O), 129.4 ppm (C ortho), 
124.4 ppm (C para), and 121.6 ppm (C meta). 

Discussion 
To the best of our knowledge, only one synthesis of 1 has been 

previously reported, which gives a moderate yield and involves 
a much more tedious procedure (eqs 3 and 4).6 

F ~ ( C O ) ~ [ P ( O M ~ ) ~ ] Z  Et,O, oc+ 
hv. Nz 

(Co)2[P(oMe)312Fe-N2-Fe(C0)2[P(OMe)31z (3) 
(19%) 

Two other complexes of the series H2Fe(C0)2[P(OR)3],  are 
known [P(OR), = P(OPh)3, P(OCH2)3CC2H5].8 They have been 
prepared in good yield (e.g. for P(OPh)3, see eq 5), but their 
synthesis involves the cumbersome preparation of the unstable 
H2Fe(C0)4  complex just before use.8 

ligroin 
H2Fe(C0)4 + 2P(OPh)3 100m temp,, 3o 

Thus, the reaction of the readily available K[HFe(CO),] with 
phosphites in a protic medium appears to be the best method for 
the  high-yield, expedient synthesis of H,Fe(CO),[P(OR),], 
complexes. 
Experimental Section 

Materials and Methods. Iron pentacarbonyl (Aidrich) and potassium 
hydroxide (Prolabo, 86%) were used as received. Phosphites (Fluka) 
were purified by distillation, and all solvents were degassed under argon 
just before use. All manipulations were conducted by using Schlenk tube 
techniques. IH, 13C, and IlP NMR spectra were recorded on a Bruker 
WH 90  spectrometer. The IR spectra were recorded on a Perkin-Elmer 
597 spectrometer. GC analyses were performed on an Intersmat IGC 
16 gas chromatograph (catharometer) fitted with a 2 m X in. column 
containing 5-A molecular sieves (40-60 mesh) with helium as carrier gas. 

Synthesis of Complexes 1-3. Iron pentacarbonyl (1.5 mL, 1 1  mmol) 
was added to a solution of potassium hydroxide (1.47 g, 22 mmol) in 80  
mL of a H,O/THF (50/30 mL) mixture previously degassed under 
argon for 0.5 h. After the mixture was stirred for 0.5 h at 25 O C ,  the 
IR spectra (0.05 mm CaF2 windows) of the pale pink reaction medium 
exhibited the absorption bands expected for K[HFe(CO),] (2000 vw, 
1920 sh, 1900 s ~ m - l ) . ~  The phosphite (22 mmol) was then added with 
a syringe through a serum cap, and the Schlenk tube was immediately 
connected to a gas buret. A gas, which was later identified as pure 
carbon monoxide (GC analysis) was evolved (520 mL, 22 mmol) within 
I h (R = Me, Et) or 24 h (R = Ph) after ligand addition. The reaction 
was complete when gas evolution had ceased. 

The organic solvent was then evaporated slowly under reduced pres- 
sure (caution, the reaction products 1-3 easily sublime!) up to the ap- 
pearance of a milk-like precipitate (R = Me, Et) or precipitation of white 
crystals (R = Ph). For R = Me or Et, the reaction products were 
extracted with pentane (6 X 30 mL) under argon. After careful con- 
centration to 50 mL, the solution was cooled to -78 OC for 3 h, during 
which white crystals precipitated. The light green pentane solution was 

(9) Darensbourg, M. Y.; Darensbourg, D. J.; Barros, L. C. Inorg. Chem. 
1978, 17, 291. 

removed by syringe, and the products were dried at -20 OC under re- 
duced pressure. For R = Ph, water was removed by syringe, and the 
white crystals were dissolved in 40 mL of THF. The solution was 
transferred by syringe to another Schlenk tube and concentrated to 20 
mL. Addition of 40 mL of pentane and cooling in the refrigerator 
overnight precipitated again white crystals of 3, which were separated, 
washed with cold pentane, and dried as above. 1 and 2 were obtained 
as colorless oils, and 3 was obtained as white crystals (see Table I). 
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In the last few years, we reported a few compounds in which 
gadolinium(II1) is magnetically coupled with either copper(II)'v2 
ions or nitronyl nitroxide  radical^,^^^ and in all cases we found that 
the sign of the coupling constant, defined by the isotropic Ham- 
iltonian H = JS1.S2,  is negative; i.e., the spins in the pairs tend 
to align parallel to each other. The origin of the ferromagnetic 
coupling has been attributed to the fact that the magnetic orbital 
of either the copper(I1) ion or the radical has nonzero overlap with 
the gadolinium(II1) 7s o r b i t a P  the fraction of unpaired electron 
that is transferred in the empty orbital polarizes the 4f electron 
spins, forcing them to be parallel to the copper or radical unpaired 
spins according to Hund's rule. 

Since the extent of the observed coupling is on the order of 0.1-1 
cm-l, and since in the compounds reported so far the gadolini- 
um(II1) ion interacts with more than one paramagnetic ligand, 
it was not possible to evaluate accurately the possible role of the 
dipolar interactions between the spins in determining the observed 
magnetic properties.' W e  have now synthesized Gd(hfac),- 
(NITiPr)(H,O) (hfac = hexafluoroacetylacetonate, NITiPr = 
2-isopropyl-4,4,5,5-tetramethyl-4,5-dihydro- 1 H-imidazoyl- 1 -oxy1 
3-oxide) in which one metal ion interacts with one radical, allowing 
for a more accurate analysis of the nature of the magnetic in- 
teraction between gadolinium and nitronyl nitroxides. W e  report 
here the structure of the isomorphous Eu(hfac),(NITiPr)(H20), 
which yielded better crystals, and analyze the magnetic properties 
of Gd( hfac) 3( N ITiPr) ( H 2 0 ) .  
Experimental Section 

and identified by melting point and EPR spectrum. 
Synthesis. The NITiPr radical was prepared as previously described8q9 

*To whom correspondence should be addressed at the University of 
Florence. 
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