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Abstract 

The reaction of CI-IsC(CH,PPh,)s (triphos) with [Re(O)Cl,(PPh,),] in THF at reflux temperature yields [($-triphos)Re(O)Cls] 
(3). Compound 3 is transformed into [(n2-triphos)ReH,] (4) by treatment with LiAlH, in refluxing THF. The reaction of 
[Re(MeCN)CI&PPh,),] with triphos in refluxing toluene gives fat-[(q3-triphos)ReC1,] (5) in excellent yield. Complex 5 is 
converted to the classical pentahydride [(n3-triphos)ReHs] (6) by treatment with NaBH, at room temperature. The reductive 
elimination of H, from 6 is promoted by monodentate ligands such as PPh, and CO, giving substitution products of the formula 
[(n3-triphos)ReH3(L)] (L = PPh, (7) or CO (8)). AU the rhenium polyhydrides obtained have been characterized by spectroscopic 
techniques including IR and multinuclear variable-temperature NMR analysis. A detailed study of the spin-lattice relaxation time 
(Ti) at variable temperature has shown that Tr cannot be used unambiguously to discriminate between classical and non-classical 
structures of rhenium polyhydrides. 

1. Introduction 

Among transition-metal polyhydrides, rhenium com- 
pounds are extensively studied because of their intrigu- 
ing structural chemistry and their use in both catalytic 
and stoichiometric reactions [l-12]. 

In spite of the huge amount of literature data, there 
are several important questions in the chemistry of 
rhenium polyhydride complexes which still need to be 
addressed. In particular, there is lack of a reliable 
spectroscopic criterion to distinguish classical (M-H,) 
from non-classical (M-T~-H, or M-q3-H3) structures 
[13-151. 
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In order to contribute to the understanding of the 
solution structure of rhenium polyhydrides, we started 
a project directed to the synthesis and spectroscopic 
characterization of rhenium polyhydrides containing 
tripodal polyphosphine coligands which have recently 
been found to be suitable ligands for the stabilization 
of a large variety of either classical and non-classical 
polyhydride metal complexes 116-241. Tripodal poly- 
phosphine ligands also appear appropriately structured 
for NMR studies, as they exhibit readily distinguish- 
able 31P NMR patterns and confer on the resulting 
metal complexes with a precise stoichiometry and 
stereochemistry [25-291. 

Here we report the synthesis and the spectroscopic 
characterization of a family of rhenium polyhydrides 
stabilized by the potentially tridentate ligand triphos 
(triphos = l,l,l-tris(diphenylphosphinomethyl)ethane, 
MeC(CH,PPh,),). 

As we completed our work, a paper by Walton and 
coworkers appeared in the literature [30], which de- 
scribes the electrochemical and chemical properties of 
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[Re(MeCN)CI,(PPhJ1] 

2 \ 

Scheme 1. 

some rhenium complexes with triphos, including a pen- 
tahydride complex also prepared by us. Accordingly, 
only the results that do not overlap with those reported 
by Walton are discussed in the present paper. 

2. Experimental details 

2.1. General procedures 
Tetrahydrofuran (TI-IF) and dichloromethane were 

purified just prior to use by distillation under dinitro- 
gen over LiAlH, and P,O,, respectively. The aromatic 
hydrocarbons, C,H, and C,H,, were dried over 
sodium and distilled under argon just prior to use. All 
the other solvents and chemicals were reagent grade 
and, unless otherwise stated, were used as received. 
Deuterated solvents for NMR measurements (Janssen 
and Aldrich) were dried over a molecular sieve. Litera- 
ture methods were used for the preparation of triphos 

(l,l,l-tris(diphenylphosphinomethyl)ethane) [31] and of 
the rhenium starting products [Re(O)Cl,(PPh,),] (1) 
[321 and [Re(MeCN)Cl,(PPh,),] (2) [331. 

Infrared spectra of samples mulled in Nujol between 
KBr plates were recorded on a Perkin-Elmer 577 
spectrophotometer. NMR spectra were recorded on 
either Varian VXR 300 or Bruker AC2OOP spectrome- 
ters operating at 299.94 and 200.13 MHz (‘H) and at 
121.42 and 81.01 MHz c3iP), respectively. Peak posi- 
tions are relative to tetramethylsilane as an external 
reference (‘HI or to external 85% H,PO, (31P{1H}) 
with downfield values positive. Proton NMR spectra 
with selective decoupling of the 31P resonances were 
recorded on the Bruker instrument equipped with a 
5-mm inverse probe and a BFX-5 Bruker amplifier. 
The 2D-COSY NMR experiment on 5 was performed 
with the Varian’s pulse sequence using the Varian 
instrument. A delay of 2 s was used between acquisi- 

TABLE 1. Selected IR and 31P{1H) NMR spectral data for the complexes 

Compound Solvent Temperature 
(Kl 

31P(1H) a 

Pattern b 6 (ppml J(PP) (Hz) 

IR = 

v(Re-H) (cm-‘) Other (cm-‘) 

3 CD,Cl, 294 *zM 6, - 32.62 JAM 3.9 982s v(Re=O) 

6, - 27.61 
4 csD6 294 *zM 6, 0.40 JAM 2.7 1960s br 

6, - 27.94 1909s 
6 C6D6 293 A3 

d 
6, 8.47 1950-1900br 

7 CD&I, 293 A,X d a.4 3.90 JAx 28.3 1963m,br 

6, 45.35 1925m,br 
1881m,br 

8 CD&l, 188 *zM 6, - 1.27 JAM 18.3 1961m 1854~s v(GO) 

6, - 3.94 1923s 

a At 81.01 MHz. Chemical shift values are relative to 85% HsPO, with positive values being downfield from the standard. b PA and P, refer to 
the triphos phosphorus atoms, whereas Px denotes the PPh, in complex 7. ’ Key: s, strong; m, medium; br, broad. d The fluxional process that 
averages the triphos phosphorus atoms could not be frozen at any accessible temperature (see text). 
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TABLE 2. Selected ‘H NMR spectral data ’ 

Corn- Solvent Temper- NMR data b 

pound ature (6, integral, assignment, J) ’ 

(K) 

3 

4 

Sd 

6 

CD&l, 294 

C6D6 294 

CD,Cl, 294 

C7% 293 

CD,Cl, ,293 

CD,Cl, 293 

0.86 (s, 3H, CT-I,) 

3.67 (m, 2H, CHucmrd+ 
3.26 (m, 2H, CHyuard+ 
2.67 (d, 2H, CH+,,), %HP,J 2.4) 
0.89 (s, 3H, CH,) 

3.30 (m, 2H, CT&(-@) 

2.70 (m, H-J, CHx,,,+ 
2.24 (4 2% (SH2(““-@ 2J(HP,) 2.0) 

- 5.36 (t, 7H, ReH, ‘.f(HP) 15.0) 

5.87 (s, 3H, CH,) 
8.30 (s, 6H, CH,) 
1.46 (q, 3H, CH,, 4J(HP) 2.4) 
2.45 (br s, 6H, CH,) 

- 6.35 (q, 5H, ReH, ‘JCHP) 6.2) 
1.44 (q, 3H, CH,, 4J(HP) 2.7) 
2.28 (br s, 6H, CH,) 

- 7.20 (dq, 3H, ReH, 2J(HPpp,,,) 37.8, 

‘J(HPuipsos) 18.4) 
1.46 (q, 3H, CH,, 4J(HP> 2.4) 
2.28 (br s, 6H, CH,) 

- 6.08 (q, 3H, ReH, 2J(HP) 11.2) 

’ The resonance due to the aromatic hydrogen atoms of the triphos 
ligand and of the PPh, ligand in complex 7 are not reported. 
b Chemical shifts (6) are in ppm relative to TMS. Coupling constants 
are in Hz Key: s, singlet; d, doublet; t, triplet; q, quartet; m, 
multiplet; br, broad. ’ The suffies coord and uncoord denote the 
methylene protons of the coordinated and uncoordinated arms of the 
triphos ligand, respectively. d The complex is paramagnetic. 

tions. A 2D Fourier transformation gave a 2D-spec- 
trum with adequate signal-to-noise ratio after cu. 3 h 
of data collection. The spin-lattice relaxation times (Ti) 
were measured at different temperatures with the in- 
version-recovery sequence at 299.94 MHz. Elemental 
analyses were performed on a Carlo Erba model 1106 
elemental analyzer. 

2.2. Synthesis of the complexes 
All reactions and manipulations were routinely per- 

formed under argon unless otherwise stated, using 
standard Schlenk-tube techniques. The solid complexes 
were collected on sintered glass-frits and washed with 
ethanol and light petroleum ether before being dried 
under a stream of argon. 

The reactions described in this paper are summa- 
rized in Scheme 1. Selected IR absorptions and 31P(1H} 
NMR spectral data are reported in Table 1, while 
selected ‘H NMR resonances are gathered in Table 2. 

2.3. Preparation of [(~2-t~phos)Re(0)Cl~l (3) 
[Re(O)Cl,(PPh,),l (0.84 g, 1.01 mmol) was sus- 

pended in benzene (50 mL1 and the resulting slurry 
was heated under reflux for 1 h with vigorous stirring. 

The Rev compound dissolved completely and pro- 
duced a green solution which was cooled to room 
temperature. Solid triphos (0.62 g, 1.00 mm00 was 
added and the solution was stirred at reflux tempera- 
ture for 1 h during which time it turned light blue. 
Evaporation of the solvent to half-volume, and addi- 
tion of hot ethanol gave a light-blue precipitate which 
was recrystallized from CH,Cl,/EtOH. Prolonged re- 
action times do not increase the yield of 3, neither did 
they produce the green product that Davis and Fergus- 
son formulated as a seven-coordinate isomer of 3 in 
which triphos was suggested to act as a tridentate 
ligand [34]. Yield 93%. Anal. Found: C, 52.54; H, 4.17; 
Cl, 11.27. C,,H,Cl,OP,Re talc.: C, 52.76; H, 4.21; Cl, 
11.40%. 

2.4. Preparation of [(q2-triphos)ReH7] (4) 
Solid LiAlH, (2.00 g, 52.70 mmol) was added in 

small portions to a well-stirred suspension of 3 (1.00 g, 
1.07 mm00 in THF (150 mL). The reaction mixture 
was gently heated under reflux for 24 h and then 
cooled to cu. 0°C. The excess of LiAlH, was hydro- 
lyzed by careful addition of a mixture of THF/H,O 
(50 mL, 3/l v/v) through a pressure-equalizing drop- 
ping funnel. The slurry was filtered to remove all the 
hydrolysis products and a clear pale orange solution 
was obtained. Addition of ethanol/hexane (200 mL, 
l/l v/v) and concentration of the mixture under a 
brisk current of argon gave pale orange microcrystals 
of 4, which were washed with hexane (2 x 20 mL) and 
dried under argon. Yield 40%. Anal. Found: C, 59.94; 
H, 5.67. C,,H,,P3Re talc.: C, 60.19; H, 5.67%. 

2.5. Preparation of [(q3-triphos)ReCl,] (5) 
A slight excess of solid triphos (1.00 g, 1.60 mmol) 

was added under stirring to a hot suspension of the 
Re”’ precursor 2 (0.76 g, 0.90 mmol) in toluene (40 
mL). The mixture was brought to reflux temperature 
and then stirred for 1 h. During this time it changed 
from orange-yellow to light yellow and 5 separated as a 
yellow-green microcrystalline product. Precipitation of 
5 was completed by cooling the mixture to room tem- 
perature. The crude product was recrystallized from 
CH,Cl,/EtOH. Yield 97%. Anal. Found: C, 53.49; H, 
4.16; Cl, 11.50. C,,H,,Cl,P,Re talc.: C, 53.67; H, 4.29; 
Cl, 11.59%. 

2.4. Preparation of [(v3-triphos)ReH,] (6) 
A solution of NaBH, (0.50 g, 13.21 mmol) in ethanol 

(30 mL) was added at 0°C (ice-bath) during 5 min to a 
well-stirred suspension of 5 (0.50 g, 0.54 mmol) in THF 
(50 mL). While stirring for 3 h at 0°C it changed 
gradually from yellow-green to deep yellow and finally 
to light yellow. The cooling bath was removed and the 
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solvent slowly evaporated in a stream of argon to yield 
pale-yellow crystals which were filtered off and then 
washed with ethanol, water, absolute ethanol, and, 
finally, petroleum ether before being dried under ar- 
gon. Yield 85%. Anal. Found: C, 60.03; H, 5.41. 
C,,H,P,Re talc.: C, 60.35; H, 5.44%. 

2.7. Preparation of [(q3-triphos)Re(PPh,)H,] (7) 

2.7.1. Method A 
A stoichiometric amount of solid triphos (0.22 g, 

0.35 mmoll was added with stirring to a hot suspension 
of 2 (0.30 g, 0.35 mm011 in THF (30 mL). The mixture 
was heated at reflux for 1 h and then NaBH, (0.30 g, 
7.90 mmol) in boiling ethanol (20 mL) was added. The 
resulting pale-yellow solution was further heated at 
reflux for 1 h, cooled to room temperature, and con- 
centrated under dinitrogen to yield 7 as pale-yellow 
microcrystals. Yield 60%. 

2.7.2. Method B 
Solid PPh, (0.12 g, 0.48 mm00 was added to a THF 

(30 mL1 solution of the pentahydride 6 (0.20 g, 0.24 
mmol). The solution was gently heated to ca. 40°C and 
stirred for 15 min. Addition of ethanol (20 mL) and 
concentration under dinitrogen gave 7. Yield 84%. 
Anal. Found: C, 65.80; H, 5.22. C,,H,,P,Re talc.: C, 
65.84; H, 5.34%. 

2.8. Preparation of [(q3-triphos)Re(CO)H3] (8) 
A stream of CO was bubbled for 20 min throughout 

a hot solution (50°C) of 6 (0.20 g, 0.24 mm00 in THF 
(30 mL). The resulting colourless solution was cooled 
to room temperature and ethanol was added (30 mL) 
until 8 began to separate as an off-white microcrys- 
talline solid. Yield 75%. Anal. Found: C, 59.86; H, 
5.19. C,,H,,OP,Re talc.: C, 59.89; H, 5.03%. 

3. Results and discussion 

3.1. Synthesis and characterization of [(v2-triphos)Re- 
(OK131 (3) 

The reaction between [Re(OlCl,(PPh,l,l (1) and 
triphos in refluxing benzene provides a new and very 
simple method for the high-yield synthesis of the light- 
blue Rev oxo-halide complex [CT*-triphos)Re(O)ClJ 
(5). In general, the crude product of the reaction is 
sufficiently pure for preparative purposes; however, 
recrystallization from CH,Cl,/EtOH affords analyti- 
cally pure samples. 

A compound exhibiting comparable chemico-physi- 
cal properties to 3 was synthesized in the early seven- 
ties by Davis and Fergusson by reaction of KReO,, 
triphos and hypophosphorous acid in ethanol-con- 

centrated hydrochloric acid [34]. Indeed, the spectro- 
scopic (IR and ‘H NMR) data of 3 agree well with 
those reported in the literature (see Tables 1 and 2). 
The 31P{1H) NMR spectrum (CD,Cl,/CH,Cl,), not 
reported previously, exhibits a first order A,M split- 
ting pattern with a small 4J(PP) coupling of 3.9 Hz. 
The chemical shift of the M portion of the spectrum 
(-27.21 ppm) falls in the usual range of free phos- 
phines and therefore indicates the presence of a dan- 
gling phosphine arm of the triphos ligand, as inferred 
by Davis and Fergusson from conductivity measure- 
ments on the quatemization product obtained by treat- 
ment with CH,I [34]. Indeed, several examples of 
metal complexes with triphos acting as a dihapto li- 
gand are known and have been characterized, both in 
the solid state (X-ray diffraction analysis) and in solu- 
tion (NMR spectroscopy) [35,36]. 

The two coordinated phosphorus atoms are magnet- 
ically equivalent and resonate in the high-field region 
of the spectrum (-32.62 ppm), as expected for a 
phosphine complex of a third row transition metal. In 
conclusion, a structure can be assigned to 3 in which 
the metal atom is octahedrally coordinated by three 
chlorides, an 0x0 group and two phosphorus, atoms of 
triphos. 

3.2. Synthesis and characterization of [(q2-tr@hos)Re- 
(I+,1 (4) 

The oxo-halide complex 3 has been found to be a 
suitable precursor for the preparation of the polyhy- 
dride complex [(n*-triphos)Re(H),] (4) by treatment in 
refluxing THF with an excess of LiAlH,, followed by 
hydrolysis at 0°C. The new heptahydride complex 4, 
isolated as pale-orange diamagnetic microcrystals, has 
been characterized by elemental analysis and spectro- 
scopic techniques. 

The IR spectrum of 4 shows a series of strong broad 
absorptions in the 1960-1900 cm-’ region which are 
typical of v(Re-H) modes. A broad, medium intensity 
band at ca. 830 cm-’ may be assigned to the Re-H 
deformation mode [3]. The 31P{1H} NMR spectrum 
displays an A,M splitting pattern with a J(PP) of 2.7 
Hz. The low intensity signal appears as a narrow triplet 
at 6 -27.94 and matches the chemical shift found for 
the uncoordinated phosphine donor in the Rev com- 
plex 3. In contrast, the other doublet resonance, which 
is assigned to the two equivalent rhenium-bonded 31P 
nuclei, is at lower field (6 0.40 ppm) as compared to 
the corresponding signal of the oxo-chloride complex 3. 
This is consistent with the different tram influence 
exerted by the hydride and chloride ligands [33]. The 
31P{1H} NMR spectrum of 4 does not change within 
the temperature window of toluene-d,, thus indicating 
the absence of any dynamic process involving the phos- 
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-5l.2 -5l.4 pm -5’. 6 

Fig. 1. Variable-temperature ‘H NMR spectrum of 4 (hydride 
region) in toluene-ds (299.94 MHz, TMS reference). 

phorus atoms of triphos and also a remarkable robust- 
ness of the complex toward dihydrogen loss. 

The ‘H NMR spectrum of 4 (C,D,, 20°C) shows a 
triplet resonance at -5.36 ppm U(HP) = 15.0 Hz) in 
the hydride region. Accurate integration of this reso- 
nance (polyphosphine signals as internal standard) al- 
lows one to fix the hydride hydrogen number as seven. 
Variable-temperature ‘H NMR spectra of 4 in C,D, 
at 300 MHz in the hydride region are shown in Fig. 1. 
At room temperature, the seven hydrides are equiva- 
lent, indicating a rapid exchange process. As the tem- 
perature is decreased, the triplet resonance broadens 
until at 75°C no discernible J(PP) is observed. At the 
lowest accessible temperature (-90°C) the signal is 
almost completely collapsed, implying a decoalescence 
process at even lower temperatures [37*]. 

Complex 4 belongs to the well known and widely 
studied family of rhenium polyhydrides of formula 
[ReH,L,l 111 (L = PR, or AsR,) for which either the 
classical nine-coordinate tricapped trigonal prismatic 
form [Re(H),L,l (I), or the non-classical structures 
[Re(n2-H2XH),L21 (eight-coordinate dodecahedron) 
(II) and [Re(q2-H2>2(H)3L21 (seven-coordinate pentag- 
onal bipyramid) (III) have been proposed on the basis 

* Reference number with asterisk indicates a note in the list of 
references. 

of ‘H NMR relaxation times CT,), [6a,38a,39,40] elec- 
trochemical studies [41,42], X-ray [43] and neutron 
diffraction analyses [44]. Recently, ab initio calcula- 
tions on the model complex [ReH,(PH,),] have sug- 
gested that the classical structure I is more stable by 
2-4 kcal/mol than the nonclassical dodecahedral form 
II, whereas the seven-coordinate structure III is still 
energetically unfavoured by cu. 7-10 kcal/mol as com- 
pared to I [451. 

I II 111 

In light of the ‘H and 31P(1H] NMR evidence only, 
it is not possible to assign a structure to 4. Accordingly, 
variable-temperature measurements of the spin-lattice 
relaxation time were carried out by using the standard 
inversion-recovery-sequence at 300 MI-Ix field in C,D, 
[46,39]. At room temperature, when the fast motion 
regime is attained, the narrow triplet resonance ex- 
hibits a relatively short Tl value of 74 ms. On lowering 
the temperature, the Tl value steadily decreases going 
through a minimum value of cu. 45 ms at cu. -30°C. 
Scaling this datum to the 250 MHz spectrometer field, 
which is the “reference magnetic field” used by Crab- 
tree and coworkers [39], a very short value of cu. 37 ms 
was calculated at an estimated temperature of -27°C. 
For a further decrease in temperature, the Tl value 
increases, and at cu. -75°C it becomes longer than 
140 ms. The T~(min) value is apparently low and may 
well indicate the contribution of q2-H2 ligands to the 
overall relaxation mechanism. However, low Tlcminj 
values in polyhydride complexes of high coordination 
number are not always reliable criteria for the pres- 
ence of an q2-H2 ligand [38,39,4Oc,42,47]. Indeed, we 
have found that there is no significant difference in the 
average H-H separation calculated from the Tlcminj 
values of 4 assuming either the classical formulation I 
or the non-classical structures II and III. As an exam- 
ple, by using the simplified equations proposed by 
Hamilton and Crabtree [4Oc,481, the calculated H-H 
distance ranges, independently of the selected non- 
classical tautomers II or III, from 1.07 to 1.35 A for the 
two limiting cases of rapid spinning or no rotation of 
the molecular hydrogen ligands, respectively [40]. 

One reason w_hich has been invoked to account for 
the unusually short relaxation times of rhenium polyhy- 
drides is the dipolar metal contribution to the relax- 
ation of coordinated hydrogen ligands (MHDD mecha- 
nism). Such a contribution should be particularly signif- 
icant for metal nuclei with high y and I values, such as 
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cobalt and rhenium [47d,491. Moreover, as pointed out 
by Luo and Crabtree [40], the short Tictij values for 
rhenium heptahydrides could also be a consequence of 
severe crowding around the metal, and the metal is 
here surrounded by as many as seven ligands. Obvi- 
ously the use of a conformationally restrictive ligand 
such as triphos might help in closing up the H * - . H 
non-bonding contacts, which may be responsible for 
the low Ticmi,,) value in 4. In keeping with this hypothe- 
sis, Brammer et al. have recently reported a low-tem- 
perature neutron diffraction study on [ReH,(Ptol,),] 
(containing two sterically demanding tri-p-tolylphos- 
phine) in which a short H * - * H contact of 1.357(7) %, 
has been found [44b]. Such a value is intermediate 
betwzen those of coordinated $-H, ligands (r . . . u < 
1.1 A), and of classical hydrides (ru __. u 2 1.6 1) [50]. 

3.3. Synthesis and characterization of [(v3-triphosj- 
ReCl,] (5) 

The straightforward reaction of [Re(MeCN) 
Cl,(PPh,),] (2) with triphos in refluxing toluene pro- 
vides a convenient method for the synthesis of the 
octahedral Rem complex [(q3-triphos)ReCl,] (5) where 
triphos is a trihapto ligand. Complex 5, which consti- 
tutes a key starting material for the synthesis of rhe- 
nium(II1) complexes with triphos, is obtained as a 
yellow-green microcrystalline product in almost quanti- 
tative yield. 

Complex 5 has previously been synthesized through 

In I I 
10.0. 

l I 

9.5 

9.0. 

8.5. 0 . . 
. 

8.0. 

7.5. 

7.0. l . 

6.5. 

6.0 I 

10.0 9.5 9.5 8.5 8.0 7.5 7.0 6.5 6.C 
F2 (ppm) 

alternative reactions in lower yields [34,51]. However, 
the ‘H NMR data reported in the literature are evi- 
dently incorrect. Complex 5 is paramagnetic with a pefr 
(1.8 p,J, well below the value expected for a high-spin 
d4 Rem ion [%I. A similar reduction of pert has 
previously been observed in other Rem derivatives and 
has been interpreted as a consequence of a large 
spin-orbit coupling [32,52,531. The second-order para- 
magnetism which usually affects [ReX,L,] complexes 
does not allow one to detect any 31P(1H} NMR reso- 
nance in a spectral window of 100,000 Hz centred at 
81.15 MHz, probably as a consequence of rapid 31P 
relaxation, but this does not much affect the ‘H NMR 
spectrum (Fig. 2) [541. Indeed, 5 exhibits a Knight- 
shifted proton NMR spectrum with sharp resonances 
like those observed in diamagnetic complexes and with 
only some of the proton signals at unusually large 
chemical shifts. The resonances at 5.87 (3H) and 8.30 
ppm (6H) are singlets and are assigned to the methyl 
and methylene protons of the triphos backbone, re- 
spectively. These resonances show no resolvable cou- 
pling to the three magnetically equivalent triphos phos- 
phorus atoms. The signal at 10.14 ppm (12H), which is 
the most low-field shifted is a broad doublet and, in 
keeping with the literature data, is assignable to the 
ortho-phenyl protons of the phosphine [541. The re- 
maining two absorptions at 8.50 (12H) and 6.96 ppm 
(6H) are triplets and are assigned to the metu- and 
puru-protons of the six diphenylphosphino groups, re- 

I 
JL 

I - 1 I, 8 r 0 3 I”‘, 1’1 3 8 II 1 ” II *I II 1’1 n”” ‘1’ r 

IO.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 pm 

Fig. 2. ‘H NMR spectrum of 5 in CD,Cl, (299.94 MHz, 21”C, TMS reference) including a plot of the 2D-COSY NMR spectrum (top left comer). 
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spectively. The proposed coupling network has been consistent with those of the known pentahydride com- 
unambiguously confirmed by a 2D-COSY NMR spec- plexes of the formula [ReH,L,] (L = PR, or AsR,) 
trum (Fig. 2). ill. 

Mononuclear rhenium(II1) complexes of the formula 
[ReX,L,], where X is a halide and L is a tertiary 
phosphine, form an extensive class of compounds which 
invariably possess a meridional configuration [ll as 
ascertained by X-ray crystal structure determinations 
and IR studies [42,55]. Even in complexes containing 
polydentate ligands which may adopt either fat- or 
mer-configurations, the only observed stereoisomer is 
the meridional one. As an example, the complexes 
[ReCl,{PhP(CH,CH,PPh,),}] and [ReCl,(PhN- 
(CH,CH,PPh,),}], recently described by Crabtree et 
al., have been assigned a mer-configuration [56] al- 
though both the tridentate ligands are endowed with 
sufficient flexibility to stabilize either fat- and mer- 
stereoisomers [57]. The peculiar stereochemical re- 
quirements of triphos, which, in octahedral complexes, 
invariably cap a triangular face of the coordination 
polyhedron, are responsible for the stabilization of 
fat-octahedral Re”’ complexes. To the best of our 
knowledge, 5 represents the first octahedral phosphine 
Rem complex adopting a facial-stereochemistry [58 * 1. 
A single crystal X-ray diffraction analysis by Walton 
and coworkers has recently confirmed the fac-stereo- 
chemistry adopted by the triphos ligand in complex 5 
[301. 

The 31P(1H) NMR spectrum in THF-d, at room 
temperature consists of a very broad singlet resonance 
centred at ca. 8.8 ppm (w~,~ = 180 Hz) [59*1, that 
indicates the magnetic equivalence of the three phos- 
phorus atoms. As the temperature is decreased, this 
broad hump becomes narrower, but no slow exchange 
spectrum was observed, even at - 90°C (w,,, = 20 Hz). 
The ‘H NMR spectrum (THF-d,) in the high field 
region exhibits a broad quartet (S - 6.35) integrating 
as five protons. As it has been commonly found in 
rhenium polyhydride complexes, the five hydride lig- 
ands in 6 are magnetically equivalent at room tempera- 
ture as a consequence of rapid exchange [3,56,60]. As 
the temperature is decreased, the hydride resonance 
becomes sharper (at -4O”C, 6 - 6.40, J(HP) 6.6 Hz) 
and then, below -60°C broadens significantly. Never- 
theless, no decoalescence was obtained, even at the 
lowest accessible temperature ( - 9O’C). 

3.4. Synthesis and characterization of [(q3-triphos)Re- 
&&I (6) 

Treatment of 5 in THF at ca. 0°C with an excess of 
NaBH, in ethanol yields the rhenium(V) pentahydride 
complex [(q3-triphos)Re(Hjs] (6), which can be isolated 
as a cream solid. Complex 6, which has been prepared 
independently by Walton et al. by a slightly different 
procedure [30], exhibits chemico-physical properties 

Since the NMR data do not allow one unambigu- 
ously to assign the solution structure of 6, we decided 
to carry out variable temperature T1 measurements. 
Indeed, in spite of the ambiguity in using the Ti 
criterion to determine the presence of nonclassical 
T~-H, ligands in rhenium polyhydrides, it appears that 
the Ti analysis for 6 unequivocally points to a genuine 
classical structure. A plot of In Ti US. 1000/T (curve a 
in Fig. 3) is a well defined “V” curve which gives an 
estimated minimum value of 240 ms at ca. -54°C. 
This value, scaled to 200 ms for a 250 MHz field, is 
higher than the Ticminj values of 78 and 83 ms found 
for the classical poIyhydride [ReH,{PhX(CH,CH,- 
PPh,),}] (X = N or P), respectively [561. Also, it is 
worth mentioning that classical structures have been 
established for the strictly related monophosphine 
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Pig. 3. Plot of In Tl us. 1000/T for [l$-triphos)ReH,] (6), [(q3-triphos)Re(PPh,)H,l (7) and [($-triphos)Re(Co)H,l (8). 
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hedral hydride-molecular hydrogen complexes (IV) or 
as classical seven-coordinate trihydride complexes. In 
the latter case, two different structures are consistent 
with the spectral analysis: a pentagonal bipyramid (VI 
and a monocapped octahedron (VI) with a hydride 
ligand capping one of the triangular faces of the coor- 
dination polyhedron. Indeed, a structure of type V has 
been proposed for [ReH,(dppe),] on the basis of solu- 
tion NMR studies [63], while a pentagonal bipyramidal 
geometry has been authenticated in the solid state by 
X-ray methods for [ReH,(dppe),l 1641 (dppe = 
Ph2PCH,CH,PPh,) and [ReH,(PPh,),] [421. 

IV 

4. Conclusions 

We have prepared 
rhenium polyhydrides 

and characterized a family of 
stabilized by the stereochemi- 

tally restrictive ligand triphos. This tripodal polyphos- 
phine may act either as a bidentate ligand, thus allow- 
ing coordination of as many as seven hydrides to rhe- 
nium as in [(n’-triphos)ReH,l (41, or it may cap one 
face of the coordination polyhedron to form the Rev 
complex [(n3-triphos)ReH,] (6). The latter compound 
reacts with monodentate donors to yield substitution 
products via reductive elimination of H,. 

The Tr criterion is not a reliable tool for distinguish- 
ing definitively between classical and non-classical tau- 
tomers of rhenium polyhydrides. Only in case of the 
pentahydride 6 does the long Turnin) value (240 ms) 
unambiguously indicate the presence of a genuine clas- 
sical pentahydride species in solution. 

Complexes 4 and 6-8 are highly reactive and their 
chemistry is presently being studied. In particular, re- 
actions with different electrophiles are under investiga- 
tion, as they are expected to produce new examples of 
cationic polyhydride complexes containing either classi- 
cal and non-classical H, ligands [9b,62], with potential 
applications in catalytic reactions [65]. 

Acknowledgements 

Thanks are due to Progetti Finalizzati Chimica 
Fine-II, CNR, Rome, Italy for financial support. 
Thanks are also expressed to Dr. Alfonso Polo, Univer- 
sity of Girona, Spain, for helpful discussions. 

References 

1 K. A. Connerand, R. A. Walton, in G. Wilkinson, R. D. Gillard 
and J. A. McCleverty (eds.), Comprehensive Coordination Chem- 
is@, Chapter 43, pp, 125-213 and references therein. 

2 (a) A. P. Ginsberg, J. M. Miller and E. Koubek, I. Am. Chem. 
Sot., 83 (1961) 4909; (b) S. C. Abrahams, A. P. Ginsberg and K. 
Knox, Irwrg. Chem., 3 (1964) 555; (c) A. P. Ginsberg, 1 Chem. 
Sot., Chem. Commun., (1968) 857; (d) S. C. Abrahams, A. P. 
Ginsberg, T. F. Koetzle, P. Marsh and C. R. Sprinkle, Inorg. 
Chem., 25 (1986) 2500. 
J. Chatt and R. S. Coffey, J. Chem. Sot. (A), (1969) 1963. 
(a) M. A. Green, J. C. Huffman and K. G. Caulton, J. Am. Chem. 
Sot., 103 (1981) 695; (b) L. F. Rhodes, J. C. Huffman and K. G. 
Cat&on, ibid., 105 (1983) 5137. 
W. D. Jones and J. A. Maguire, Organometallics, 6 (1987) 1301. 
(a) X. L. R. Fontaine, E. H. Fowles and B. L. Shaw, J. Chem. 
Sot., Chem. Cornmull., (1988) 482; (b) S. W. Carr, X. L. R. 
Fontaine and B. L. Shaw, J. Chem. Sot., Dalton Trans., (1991) 
1025. 
C. P. Casey, E. W. Rutter and K. J. Haller, J. Am. Chem. Sot., 
109 (1987) 6886. 
N. G. Donnelly, J. A. K. Howard, J. L. Spencer and P. K. Wood- 
ley, J. Chem. Sot., Dalton Trans., (1984) 2003. 
Y. Kim, J. Gallucci and A. Wojcicki, J. Am. Chem. kc., 112 
(1990) 8600, (b) Y. Kim, H. Deng, D. W. Meek and A. Wojcicki, 
ibid., 112 (1990) 2798. 

10 (a) J. D. Allison, C. J. Cameron, R. E. Wild and R. A. Walton, J. 
Organomet. Chem., 218 (1981) C62; (b) J. D. Allison and R. A. 
Walton, J. Chem. Sot., Chem. Commun., (1983) 401; (cl G. A. 
Moehring and R. A. Walton, Znorg. Chem., 26 (1987) 2910; (d) 
M. T. Costello, P. E. Fanwick, M. A. Green and R. A. Walton, 
Inorg. C/tern., 30 (1991) 861. 

11 D. Baudry, J.-M. Cornier and M. Ephritikine, .J. Orgunomet. 
Chem., 427 (1992) 349 and references therein. 

12 X. Luo, D. Baudry, P. Boydell, P. Charpin, M. Nierlich, M. 
Ephritikhine and R. H. Crabtree, Inorg. Chem., 29 (1990) 1511. 

13 For comprehensive reviews on molecular hydrogen complexes, 
see: (a) G. J. Kubas, Act. Chem. Res., 21 (1988) 120; (b) R.A. 
Henderson, Tram. Met. Chem. fLondon), 13 (1988) 474; (c) R. H. 
Crabtree and D. G. Hamilton, Adv. Organomet. Chem., 28 (1988) 
299. (d) A. G. Ginsburg and A. A. Bagaturyanz, Metalloorg. k-him., 
2 (1989) 249. 

14 For transition-metal polyhydride complexes, see: (a) R. H. Crab- 
tree, in G. Wilkinson, R. D. Gillard and J. A. McCleverty feds.), 
Comprehensive Coordination Chemistry. Vol. 2, Chapter 19, pp. 
689-714; (b) G. G. Hlatky and R. H. Crabtree, Coord. Chem. 
Reu., 65 (1985) 1; (c) J. T. Poulton, K. Felting and K_ G. Caulton, 
OrganometaNics, II (1992) 1364 and references therein. 

15 For theoretical studies on polyhydride complexes, see: (a) J. 
Gaillard and R. Hoffmann, J. Am. Chem. Sot., 106 (1984) 2006; 
(b) Y. Jean, 0. Eisenstein, F. Valatron, B. Maouche and F. Sefta, 
ibid. 108 (1986) 6587; (c) P. J. Hay, ibid., IO9 (1987) 705; (d) 2. 
Lin and M. B. Hall, ibid., 114 (1992) 2928. 

16 C. Bianchini, F. Laschi, M. Peruzzini, M. F. Ottaviani, A. Vacca 
and P. Zanello, Inorg. Chem., 29 (1990) 3394. 

17 C. Bianchini, C. Mealli, M. Peruzzini and F. Zanobini, .I Am. 
Chem. Sot., 109 (1987) 5548. 

18 C. Bianchini, M. Peruzzini and F. Zanobini, /. Organomet. Chem., 
354 (1988) C19. 

19 C. Bianchini, A. Meli, C. Mealli, M. Peruzzini and F. Zanobini, J. 
Am. Chem. Sot., 110 (1988) 8725. 

20 C. Bianchini, P. J. Perez, M. Peruzzini, F. Zanobini and A. 
Vacca, Inorg. Chem., 30 (1991) 279. 



106 C. Bianchini et al. / Stabilization of rhenium polyhydrides by rriphos 

21 C. Bianchini, M. Peruzzini and F. Zanobini, .I. Organomer. Chem., 
390 (1990) C16. 

22 C. Bianchini, M. Peruzzini, A. Polo, A. Vacca and F. Zanobini, 
Gazz. Chim. Ital,, I21 (1991) 543. 

23 C. Bianchini, A. Meli, M. Peruzzini, P. Frediani, C. Bohanna, 
M. A. Esteruelas and L. A. Oro, Organomerallics, II (1992) 138. 

24 C. Bianchini, C. Mealli, M. Peruzzini and F. Zanobini, J. Am. 
Chem. Sot., 114 (1992) 5905. 

25 C. Bianchini, D. Masi, A. Masi, M. Peruzzini and F. Zanobini, J. 
Am. Chem. Sot., 110 (1988) 6411. 

26 C. Bianchini, M. Peruzzini and F. Zanobini, Organometallics, 10 
(1991) 3415. 

27 C. Bianchini, A. Meli, M. Peruzzini, F. Vizza and F. Zanobini, 
Coord. Chem. Reu. 120 (1992) 193. 

28 L. Sacconi and F. Mani, Trans. Met. Chem. (N..Y.), 8 (1982) 179. 
29 D. W. Meek and T. J. Mazanec, Act. Chem. Rex, 14 (1981) 266. 
30 M. T. Costello, P. E. Fanwick, M. A. Green and R. A. Walton, 

Inorg. Chem., 31 (1992) 2359. 
31 W. Hewertson and H. R. Watson, J. Chem. Sot., (1962) 1490. 
32 J. Chatt, J. R. Dilworth and G. J. Leigh, J. Chem. Sot. (A), (1970) 

2239. 
33 M. Rouschias and G. Wilkinson, J. Chem. Sot. (A), (1967) 993. 
34 R. Davis and J. E. Fergusson, Inorg. Chim. Acta, 4 (1970) 16. 
35 S. C. Lin, C. P. Cheng, T.-Y. Lee and S.-M. Pee, Acta Crystallogr., 

Sect C, 42 (1986) 1733. 
36 (a) F. C. March, R. Mason, D. W. Meek and G. R. Schollary, 

Znorg. Chim. Acta, 19 (1976) L25; (b) F. Cecconi, P. Innocenti, S. 
Midollini, S. Moneti, A. Vacca and J. A. Ramirez, J. Chem. Sot., 
Dalton Trans., (1991) 1129. 

37 Complete decoalescence of the hydride resonance for the rhe- 
nium heptahydride ReH,L, (L, = chelating bidentate phos- 
phine) has recently been observed by X. Luo and R.H. Crabtree, 
see Ref. 38. 

38 X. Luo and R. H. Crabtree, J. Am. Chem. Sot., 112 (1990) 4813. 
39 R.H. Crabtree, Act. Chem. Res., 23 (1990) 95. 
40 (a) X. Luo and R. H. Crabtree, Znoq. Chem., 28 (1989) 3775; (b) 

D. G. Hamilton, X. Luo and R. H. Crabtree, Znorg. Chem., 28 
(1989) 3198; (c) D. G. Hamilton and R. H. Crabtree, J. Am. 
Chem. Sot., 110 (1988) 4126. 

41 M. T. Costello and R. A. Walton, Znorg. Chem., 27 (1988) 2563. 
42 F. A. Cotton and R. L. Luck, Inorg. Chem., 28 (1989) 2181. 
43 (a) J. A. K. Howard, K. A. Mead and J. L. Spencer, Acta Crystal- 

logr., Sect. C, 39 (1983) 555; (b) R. G. Teller, W. E. Carroll and 
R. Bau, Inorg. Chim. Acta, 87 (1984) 121. 

44 (a) J. A. K. Howard, S. A. Mason, 0. Johnson, I. C. Diamond, S. 
Crenell, P. A. Keller and J. L. Spencer, J. Chem. Sot., Chem. 
Commun., (1988) 1502; (b) L. Brammer, J. A. K. Howard, 0. 
Johnson, T. F. Koetzle, J. L. Spencer and A.M. Stringer, J. 
Chem. Sot., Chem. Commun., (1991) 241. 

45 G. R. Haynes, R. L. Martin and P. J. Hay, J. Am. Chem. Sot., 114 
(1992) 28. 

46 R. H. Crabtree, M. Lavin and L. Bonneviot, J. Am. Chem. Sot., 
108 (1986) 4032. 

47 (a) X. Luo and R. H. Crabtree, Inorg. Chem., 29 (1990) 2788; (b) 
G. G. Gusev, A. B. Vymenits and V. I. Bakhmutov, Znorg. Chim. 
Acta, 179 (1991) 195; (c) C. Ammann, F. Isaia and P. S. Pregosin, 
Magn. Reson. Chem., 26 (1988) 236; (d) P. J. Desrosiers, L. Cai, Z. 
Lin, R. Richards and J. Halpern, J. Am. Chem. Sot., 113 (1991) 
4173. 

48 M. T. Bautista, K. A. Earl, P. A. Maltby, R. H. Morris, C. T. 
Schweitzer and A. Sella, J. Am. Chem. Sot., 110 (1988) 7031. 

49 (a) D. G. Gusev, A. B. Vymenits and V.I. Bakhmutov, Znorg. 
Chem., 30 (1991) 3118; (b) X. L. Luo, R. H. Crabtree, Magn. 
Reson. Chem., 29 (1991) S89. 

50 R. H. Crabtree, X. L. Luo and D. Michos, Chem. Tracts-Inorg. 
Chem., 3 (1991) 245 and references therein. 

51 H. P. Gunz and G. J. Leigh, J. Chem. Sot. (A), (1971) 2229. 
52 J. E. Fergusson, Coord. Chem. Rev., 1 (1966) 459. 
53 E.W. Randall and D. Shaw, J. Chem. Sot. (A), (1969) 2867. 
54 X. L. R. Fontaine, E. H. Fowles, T. P. Layzell, B. L. Shaw and M. 

Thornton-Pet& J. Chem. Sot., Dalton Trans., (1991) 1519. 
55 (a) L. Aslanov, R. Mason, A. G. Wheeler and P. 0. Whimp, J. 

Chem. Sot., Chem. Common., (1970) 30; (b) X. Luo, D. Michos 
and R. H. Crabtree, Inorg. Chem., 30 (1991) 4286. 

56 (a) X. Luo and R. H. Crabtree, J. Chem. Sot., Dalton Trans., 
(1991) 587; (b) D. Michos, X. Luo and R. H. Crabtree, I. Chem. 
Sot., Dalton Trans., (1992) 1735. 

57 See for example: (a) C. Bianchini, E. Farnetti, M. Graziani, G. 
Nardin, A. Vacca and F. Zanobini, J. Am. Chem. Sot., 112 (1990) 
9190; (b) M. Di Vaira, S. Midollini and L. Sacconi, Inorg. Chem., 
18 (1980) 3466. 

58 The phosphite complex [ReCI#(OEt&}] exhibits (IR and ‘H 
NMR spectroscopy) a facial geometry: V. K. Rybak and J. J. 
Ziolkowsky, Polyhedron, 2 (1983) 541. 

59 Walton et al. do not report variable-temperature 31P(1H) and ‘H 
NMR spectra and T1 measurements as well. The spectral proper- 
ties at room temperature for 6 and 7 are in excellent agreement 
with the literature data (see Ref. 30). 

60 A. P. Ginsberg and M. E. Tully, J. Am. Chem. Sot., 95 (1973) 
4749. 

61 (a) A. P. Ginsberg, S. C. Abrahams and P. B. Jamieson, J. Am. 
Chem. Sot., 95 (1973) 4751; (b) F. A. Cotton and R. L. Luck, 
ibid., 111 (1989) 5757; (c) T. J. Emge, T. F. Koetzle, J. W. Bruno 
and K. G. Caulton, Inorg. Chem., 23 (1984) 4012. 

62 (a) X. Luo and R. H. Crabtree, J. Chem. Sot., Chem Commun., 
(1990) 189; (b) X. Luo and R. H. Crabtree, J. Am. Chem. Sot., 
112 (1990) 6912; (c) X. Luo, D. Michos and R. H. Crabtree, 
Organometallics, 11 (1992) 237. 

63 (a) K. A. Earl, G. Jia, P. A. Maltby and R. H. Morris, J. Am. 
Chem. Sot., 113 (1991) 3027; (b) L. G. Butler and A. W. Maver- 
ick, Chem. Tracts-lnorg. Chem., 4 (1992) 17. 

64 V. G. Albano and P. L. Bellon, J. Organomet Chem., 37 (1972) 
151. 

65 (a) Y.. Kim, J. Gallucci and A. Wojcicki, Organometallics, 11 
(1992) 1963; (b) M. Leaphon, P. E. Fanwick and R. A. Walton, J. 
Am. Chem. Sot., 114 (1992) 1890. 


