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Reduction of ReC1, with excess magnesium in a THF/toluene (1:l) mixture in the presence of PMePh2 leads to the formation 
of n~er-ReCl,(PMePh~)~ (1) in high yields. However, reduction with 4 equiv of Na affords ReCl(q2-H2)(PMePh2), (2), and when 
an excess of Na is employed, ReH3(PMePh2), (3) is obtained. The complex ReCI(CO)3(PMePh2)2 (4) is formed when solutions 
of 2 are placed under a CO atmosphere. The variable-temperature 'H and "P NMR spectra of 2 and 3 are reported. The 
single-crystal X-ray structures of complexes 1 and 3 are reported. Crystal data: compound 1, monoclinic, space group P21/c, 
a = 11.429 (3) A, b = 17.468 (6) A, c = 23.189 (6) A, j3 = 97.88 (2)O, V = 4585 (7) A', 2 = 4, R = 0.053 (R,  = 0.062) for 
365 arameters and 2424 unique data having F, > 347:); compound 3, triclinic, space group P i ,  a = 10.745 (4) A, b = 22.136 
(4) 1, c = 10.361 (2) A, a = 98.51 (2)', j3 = 109.12 (2)O, y = 98.38 (2)O, V = 2252 (1) A3, Z = 2, R = 0.054 (R,  = 0.093) 
for 447 parameters and 7440 unique data having Fo > 347:). The geometry of 3 is that of a distorted pentagonal bipyramid 
with PMePh, ligands in the apical positions. The metal-bonded hydrogen atoms were located in the difference maps and refined 
to give an average Re-H distance of 1.76 [2] A and a closest H-H distance of 1.96 (13) A. 

Introduction 
There has been much interest in the chemistry of low-valent 

rhenium complexes containing tertiary phosphine ligands.' These 
complexes have been investigated in part because of their ability 
to  bind dinitrogenZ and, furthermore, because some have been 
shown to contain the molecular hydrogen ligand.3 One of the 
most frequently employed preparative routes to synthesize rhenium 
hydride complexes entails the LiAlH4 reduction of phosphine 
complexes of rhenium, e.g., ReOC13(PPh3)2! More recently, 
sodium amalgam was utilized to reduce ReC14(THF)2 in the 
presence of PMe3 in THF under nitrogen to produce ReCl(PMe& 
and ReH(PMe3)5.s In the case of PEt2Ph, the dinitrogen complex 
ReC1(N2)(PEtzPh)4 is ~ b t a i n e d . ~  

Here we describe how the products of the reduction of ReCls 
in the presence of PMePh2 under H2 or Ar depend on the solvent 
used, the reducing agent employed (Mg vs Na/Hg) ,  and the 
equivalents of reducing agent added. We find that mer-ReC13- 
(PMePh2)3 (1) is obtained exclusively if M g  is used in a 1:l 
THF/toluene solvent mixture. The molecular hydrogen complex 
ReCl(q2-Hz)(PMePh2)43a (2) is formed if exactly 4 equiv of 
N a / H g  is used in THF a t  0 "C, and the trihydride ReH3- 
(PMePh2)4 (3) is obtained if an excess of N a  and temperatures 
of ca. 50 O C  a re  employed. 

We also report the low-temperature 'H and 31P NMR spectra 
of complexes 2 and 3, as well as the variable-temperature TI 
measurements on 3. The X-ray single-crystal structures of 1 and 
3 are also reported. Portions of this work were communicated 
earlier.3a 

Experimental Section 
General Data. All manipulations were carried out under either a 

dihydrogen or an argon atmosphere. Methanol was dried over magne- 
sium methoxide, while other solvents were dried over sodium/potassium 
alloy and distilled under nitrogen before use. Tetrahydrofuran (THF) 
was further purified by distillation over LiAIH,. ReCI, and PMePh2 
were used as purchased from Strem Chemical, Inc. The 'H NMR 
spectra were recorded with Varian XL-200 and XL-400 spectrometers. 

NMR spectra, referenced externally to 85% H3P04, were recorded 
at 81 MHz with a Varian XL-200 spectrometer. Electrochemical mea- 
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(3) (a) Luck, R. L.; Cotton, F. A. J .  Chem. SOC., Chem. Commun. 1988, 
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surements were performed with a Bioanalytical Systems, Inc., Model 
BAS 100 electrochemical analyzer in conjunction with a Bausch and 
Lomb, Houston Instruments Model DMP 40 digital plotter. Experiments 
were carried out in a 0.2 M solution of tetra-n-butylammonium tetra- 
fluoroborate in THF. A three-electrode cell configuration was used, with 
a glassy-carbon electrode (Model BAS MF 2012) and a platinum wire 
as working and auxiliary electrodes, respectively. A BAS MF 2020 
Ag/AgCl cell was used as a reference electrode (against which ferrocene 
is oxidized at El12 = +0.52 V). All potentials were referenced to the 
Ag/AgCI electrode at 22 f 2 OC. Ell2  values were determined as 
+ ERc)/2. The microanalyses were done by Galbraith Laboratories, Inc., 
Knoxville, TN. 

Preparation of ReC13(PMePh2)3 (1). ReC& (0.3 g, 0.08 mmol) was 
added under Ar to a solution of PMePh2 (0.7 mL, 3.5 mmol) dissolved 
in a mixture of 30 mL of THF and 30 mL of toluene. Iodine-activated 
magnesium (2.0 g) was then dumped into the reaction flask and the 
resulting mixture stirred at reflux temperature overnight. Unreacted 
magnesium was filtered off and the solvents removed under vacuo. The 
complex was extracted from the residue with benzene (30 mL) and the 
resulting solution filtered through Celite. The clear yellow-orange solu- 
tion was concentrated to ca. 10 mL and MeOH (30 mL) added to effect 
the precipitation of yellow 1 (0.6 g, 84% yield). 'H NMR (C6D6): 6 13.9 
(d, 8 H, J = 7 Hz, o-Ph on PMePh2 trans to PMePh2 (abbreviated P-P)), 
9.7 (d, 4 H, J = 8 Hz, o-Ph on PMePh2 trans to C1 (abbreviated P-CI)), 
9.5 (t, 2 H, J = 7.5,~-Ph on P-CI), 9.0 (t, 4 H, J = 7.4 Hz, p P h  on P-P), 
8.6 (t, 8 H, J = 7.6 Hz, m-Ph on P-P), 7.9 (t, 4 H, J = 7.6 Hz, m-Ph 
on P-CI), -0.5 (s, 6 H, Me-P on P-P) -2.2 (s, 3 H, Me-P on P-CI). I'P 
NMR (THF): 6 38.6 (Br, P from P-CI), -24 (Br, P from P-P). Anal. 
Calcd for C,9H39C13Re: C, 52.44; H, 4.40. Found: C, 52.62; H, 4.49. 

Preparation of ReC1(q2-H2)(PMePh2), (2). ReC1, (1 .O g, 2.7 mmol) 
was added under H2 to a solution of PMePh2 (2.2 mL, 11 .O mmol) in 
THF (75 mL). A portion of Na amalgam (0.25 g of Na (1 1 mmol) in 
3.5 mL of Hg) was then quickly poured into the reaction flask and the 
resulting solution stirred rapidly at 0 OC overnight. The yellow-brown 
solution was then filtered through Celite and concentrated to ca. 15 mL. 
The addition of 30 mL of methanol effected the precipitation of yellow 
2 (1.6 g, 58% yield). The 'H and 31P(1HJ spectra of this complex were 
reported in ref 3a. Anal. Calcd for CS2H5,C1P4Re: C, 60.96; H, 5.31. 
Found: C, 60.91; y, 5.45. 

Preparation of ReH3(PMePh2), (3). ReCl, (0.2 g, 0.6 mmol) was 
added under Ar to a solution of PMePh2 (0.4 mL, 2.4 mmol) in THF (50 
mL). Na amalgam (0.1 g of Na (4.3 mmol) in 10 g of Hg) was quickly 
poured into the flask and the mixture then placed under H2. The mixture 
was stirred overnight at 50 O C ,  yielding a brownish solution. This solu- 
tion was filtered through Celite and then concentrated under vacuum to 
ca. 5 mL. The addition of 20 mL of methanol effected the precipitation 
of the yellow product 3 (0.4 mg, 67% yield). 'H NMR (CD2C12): 6 

Hz, If-Re); 31P(1HJ NMR (CD2C12): 6 -1.7 (s, 4 P, P-Re). "P NMR 
(CD2CI2): 6 -1.7 (q, 4 P, JPH = 19 Hz, P-Re). 

Preparation of ReCI(CO)3(PMePh2)2 (4). A yellow-brown solution 
of complex 1 (0.125 g, 0.1 mmol) in benzene (10 mL) was placed under 
CO and stirred for 3 h at 50 OC. This resulted in a clear solution that 
was then concentrated to ca. 0.5 mL. The addition of 15 mL of methanol 
followed by rapid stirring and agitation resulted in the precipitation of 

7.0-8.0 (m, 40 H,  C,If,P), 1.2 (S, 12 H, CH3P), -6.1 (q, 3 H, J = 20 
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Table I. Crystallographic Data for ReC1,(PMePh2)~.C6H6.c4H*o (1) 
and ReHdPMePh,L 13) 

Scheme I" 

formula 
fw 
space group 
systematic absences 

a, A 
b, A 
c, A 
a, deg 
B, deg 
-I, deg v, A3 
z 

cryst size, mm 
p(Mo Ka), cm-I 
data collecn instrument 
radiation (monochromated in 

incident beam) 
orientation rflns: no.; 

range (28), deg 
temp, k1 
scan method 
data collecn range, 28, deg 
no. of unique data, total with 

no. of params refined 
transmission factors, %: 

RU 
R W  
quality-of-fit indicatord 
largest shift/esd, final cycle 
largest peak, e/A3 

dcah g p 3  

F: > 3U(F,2) 

max, min 

C49HS3C130P3Re Cs2HSsP4Re 
1043.45 990.1 1 
f%/c  Pi 
OkO, k # 2n; 

11.429 (3) 10.745 (4) 
17.468 (6) 22.136 (4) 
23.189 (6) 10.361 (2) 
90.0 98.51 (2) 

90.0 98.38 (2) 
4585 (7) 2252 (1) 
4 2 
1.511 1.460 
0.10 X 0.10 X 0.25 0.20 X 0.25 X 0.35 
29.995 29.068 
Nicolet P3/F equiv Rigaku AFC5R 

h01, I # 2n 

97.88 (2) 109.12 (2) 

Mo Ka (A, = 0.71073 A) 

25; 20-25 25; 43-48 

19 19 
w w-28 
0 5 28 5 45 
3716, 2424 9815, 7440 

365 447 
99.8, 94.0 100.0, 82.4 

0.053 0.054 
0.062* 0.093' 
1.06 1.74 
0.02 0.09 
0.91 1.08 

0 5 28 5 55 

" R  = ,XllFol - l ~ c l l / ~ l ~ o l .  'RW = [Ew(lF0l - l~c1)2/X~l~01211~2; w = 
0.7145/u2[(FoI + O.OOl(F,2)]. OR, = [Xw(lF0I - IFcl)2/x~lFo12]'/2; w = 
2.7362/u2[(FoI + O.OOl(F:)]. dQuality of fit = [Xw(lFol - IFcl)2/(Nobccmn8 

4 as a white powder (0.077 g, 90% yield). The IR, IH, and ,'P('H} 
spectra of this complex were reported in ref 3a. Anal. Calcd for 
C29H2603CIP2Re: C, 49.33; H,  3.71. Found: C, 49.34; H, 4.08. 

X-ray Crystallography. Suitable crystals of 1 and 3 were obtained by 
the slow diffusion of methanol into benzene solutions of 1 and 3. All 
relevant crystallographic information is given in Table I. In both cases 
crystals were mounted on top of glass fibers with 5-min epoxy resin. 
Accurate unit cell parameters were obtained by means of a least-squares 
analysis of 25 reflections. Intensity data on each compound were then 
collected by utilizing the options specified in Table I and the general 
procedures for data collection as previously described.6 All data sets 
were corrected for decay, Lorentz, and polarization effects. In addition, 
absorption corrections were also made by using an empirical method 
based on nine $ scans ($ = 0-360° every IOo) for x values near 90°.' 
Nearly all of the non-hydrogen atoms were located from a three-di- 
mensional Patterson function. Those remaining were found by alter- 
nating least-squares full-matrix cycles of refinement and difference 
Fourier maps for a cutoff ratio F:/a(F?) of 3. For this the Enraf- 
Nonius SDP software was employed. All of the non-hydrogen atoms were 
then refined anisotropically. 

In the case of complex 1 two additional molecules were located in the 
difference maps: a THF molecule that originated from the preparation 
of 1 and a benzene molecule. Subsequent refinement on 1 was performed 
with the SHELX-76 package of programs. Hydrogen atoms were put in 
at calculated positions for the methyl groups and phenyl rings. The 
methyl groups were refined as rigid bodies, and the isotropic thermal 
parameters of the hydrogen atoms on the same carbon atom were con- 
strained to the same value, which was refined. The phenyl groups were 
also refined as rigid bodies, and the thermal parameters on all of the 
hydrogen atoms attached to phenyl carbon atoms were constrained to the 
same value, which was refined. The atoms of the THF and benzene 
molecules were constrained to be a perfect pentagon and hexagon, re- 
spectively, and their respective isotropic thermal parameters constrained 
to the same values, which were refined. It was not possible to determine 
which one of the five atoms in the THF molecule was the oxygen atom, 
so only carbon atoms were used in this model. 

- Npmma)11'2. 

( 6 )  Bino, A.; Cotton, F. A.; Fanwick, P. E. Inorg. Chem. 1979, 18, 3558. 
(7) North, A. C. T.; Phillip, D. C.; Matthews, F. S .  Acta Crystallogr., Sect. 

A:  Cryst. Phys., Diffr., Theor. Gen. Crystallogr. 1968, 24A, 351. 

mer-  ReC13(PMePh2I3 

1 

ReCIS + 4PMePh2 

ReCI(COb(PM ePh2), 

4 

Reaction conditions: (i) excess Mg, 50:50 THF/toluene solvent 
mixture, Ar, 100 OC; (ii) 4 equiv of Na/Hg, THF, Ar or H2, 0 OC; (iii) 
excess Na/Hg, THF, Ar or H2, 50 OC; (iv) benzene, CO, 50 OC. 

-80 OC 

1 ,  , , , , , , , I ,  , , , , , I , , I  , , , , , , , , ,  I , , , , , , , ,  I , , ,  

-e'. 4 -e! (I 4'. I -9l. 0 -9l.2 PPH 

Figure 1. Variable-temperature 'H NMR spectra of ReCl(q2-H2)- 
(PMePh2)4 (2) in CD2C12 at 200 MHz. 

The refinement method used on complex 3 was identical with that 
employed on 1, except that the metal-bonded hydrogen atoms were re- 
fined freely. The final data are outlined in Table I. Tables listing the 
fractional atomic coordinates are available as supplementary material. 
Selected bond distances and angles are listed in Tables I1 and 111, re- 
spectively. 
Results and Discussion 

Synthesis. Scheme I illustrates the reactions described in this 
paper. Complex 1 is formed in high yields in the Mg (excess) 
reduction of ReCI, in a 1:l THF/toluene solvent mixture main- 
tained at  the reflux temperature in the presence of PMePh2. If 
the reduction is carried out in pure THF,  mixtures of complexes 
1 and 2 are  obtained. 

To synthesize pure 2, exactly 4 equiv of N a / H g  must be used 
as the reducing agent a t  0 "C. This complex is of great interest, 
for it has been shown to contain a molecular hydrogen ligand.ja 
The reaction was done at  low temperatures to favor the formation 
of 2 only and prevent the conversion of 2 into 3. The trihydride 
complex 3 is obtained, in high yields, if excess Na/Hg is employed. 
Thus, the synthesis of the desired final product is determined by 
the nature of the solvent, the type and equivalents of reductant, 
and to some extent the temperature. As shown in Scheme I, 
complex 2 reacts under CO to  form the complex mer-ReC1- 
(C0)3(PMePh2)2,4 which has been characterized by IR, N M R ,  
and analysis and by comparison to similar complexes.* 

NMR Studies. The 'H N M R  spectra of complexes of the form 
ReC13(PR3)3 (PR3 = PMe2Ph, PEt2Ph, PnPr2Ph, P"Bu,Ph) have 
already been studied; these complexes were found to display sharp 
resonances, which was surprising because they are paramagneticg 

(8) (a) Bucknor, S.; Cotton, F. A.; Falvello, L. R.; Reid, A. H., Jr.; 
Schmulbach, C. D. Inorg. Chem. 1986, 25, 1021. (b) Hertzer, C. A.; 
Meyers, R. E.; Brant, P.; Walton, R. A. Inorg. Chem. 1978, 17, 2383. 

(9) (a) Shaw, D.; Randall, E. W. J .  Chem. SOC. A 1969,2867. (b) Chatt, 
J.; Leigh, G. J.; Mingos, D. M. P. J.  Chem. Soc. 1969, 1674. (c) Chatt, 
J.; Leigh, G. J.; Mingos, D. M. P.; Randall, E. W.; Shaw, D. J .  Chem. 
SOC., Chem. Commun. 1968, 419. (d) Gunz, H. P.; Leigh, G. J. J .  
Chem. SOC. A 1971, 2229. 
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Table 11. Selected Bond Distances and Angles for ReC13(PMePh2)3 (1)" 
Bond Distances (A) 

1.85 (2) 
Re-Cl(2) 2.446 (7) P(l)-C(11) 1.83 (2) P(2)-C(23 1) 1.82 (2) 
Re-Cl(3) 2.344 (6) P(l)-C(121) 1.82 (2) P(3)-C(3 1) 1.81 (3) 
Re-P(1) 2.448 (6) P( I)-C( 13 1) 1.85 (2) P(3)-C(321) 1.77 (2) 
Re-P(2) 2.474 (6) P(2)-C(21) 1.81 (2) P(3)-C(33 1) 1.84 (2) 

Re-CI( 1) 2.349 (6) Re-P(3) 2.470 (6) P(2)-C(221) 

CI( 1)-Re-Cl(2) 
CI( 1)-Re-Cl(3) 
CI( 1)-Re-P( 1) 

Cl( 1)-Re-P(3) 
C1(2)-Re-C1(3) 
C1(2)-Re-P( 1) 
C1(2)-Re-P(2) 
C1(2)-Re-P(3) 
C1(3)-Re-P( 1) 
C1(3)-Re-P(2) 

CI( 1)-Re-P(2) 

93.9 (2) 
176.4 (2) 
94.0 (2) 
85.9 (2) 
87.8 (2) 
87.5 (2) 

172.1 (2) 
82.9 (2) 
84.9 (2) 
84.7 (2) 
90.9 (2) 

Bond Angles 
C1(3)-Re-P(3) 
P( 1)-Re-P(2) 
P( 1)-Re-P(3) 
P(2)-Re-P(3) 
Re-P(1)-C(l1) 
Re-P( 1)-C( 121) 
Re-P( 1)-C(13 1) 
C( 1 1)-P( 1)-C( 121) 
C( 1 1)-P( 1)-C( 131) 
C( 121)-P( 1)-C( 13 1) 
Re-P(2)-C(2 1 ) 

(deg) 
95.7 (2) 
98.1 (2) 
95.1 (2) 

165.8 (2) 
111.3 (8) 
121.5 (6) 
117.0 (6) 
103.2 (9) 

101.8 (8) 
111.0 (8) 

99 (1) 

" Numbers in parentheses are estimated standard deviations in the least significant digits. 

Table 111. Selected Bond Distances and Angles for ReH3(PMePh2)d (3)" 

Re-P(2)-C(22 1 ) 
Re-P(2)-C(23 1) 
C(2 1)-P(2)-c(22 1) 
C(21)-P(2)-C(23 1) 
C(22 1)-P(2)-c(23 1) 
Re-P( 3)-C( 3 1) 
Re-P( 3)-C( 3 2 1) 
Re-P(3)-C(33 1) 

C(3 1)-P(3)-c(33 1) 
C(321)-P(3)-C(331) 

C(  3 1 )-P( 3)-C( 32 1 ) 

121.8 (5) 
115.2 (6) 
97.0 (9) 

105.9 (9) 
103.6 (8) 
117.6 (9) 
116.5 (7) 
114.9 (6) 
105 (1) 

103.0 (9) 
97 (1) 

Re-H( 1 ) 
Re-H(2) 
Re-H(3) 
Re-P( 1) 
Re-P(2) 
Re-P(3) 
Re-P(4) 

H( 1 )-Re-H (2) 
H(1)-Re-H(3) 
H(1)-Re-P( 1) 
H( 1 )-Re-P( 2) 
H( 1 )-Re-P( 3) 
H( 1)-Re-P(4) 

H(2)-Re-P( 1) 
H (2)-Re-P(2) 
H(2)-Re-P(3) 
H(2)-Re-P(4) 
H( 3)-Re-P( 1 ) 
H (3)-Re-P( 2) 
H( 3)-Re-P( 3) 
H( 3)-Re-P(4) 

H(2)-Re-H(3) 

1.81 (11) 
1.72 (8) 
1.75 (12) 
2.354 (3) 
2.361 (3) 
2.376 (3) 
2.388 (3) 

149 (5) 
140 (4) 
107 (4) 
93 (4) 
68 (3) 
68 (3) 
69 (4) 
81 (3) 
81 (3) 

142 (3) 
82 (3) 
86 (3) 
80 (4) 
73 (3) 

150 (3) 

Bond Distances (A) 
P(1)-C(ll1) 1.838 (15) 
P( 1)-C( 121) 1.873 (12) 
P(1)-C( 13 1) 1.850 (8) 
P(2)-C(211) 1.803 (11) 
P(2)-C(221) 1.856 (7) 
P( 2)-C( 23 1 ) 1.871 (11) 

Bond Angles (deg) 
P( 1)-Re-P(2) 160.1 (1) 
P( 1)-Re-P(3) 96.2 (1) 
P( 1)-Re-P(4) 94.1 (1) 
P(2)-Re-P( 3) 92.5 (1) 
P(2)-Re-P(4) 92.0 (1) 
P(3)-Re-P(4) 136.1 (1) 
Re-P(1)-C(ll1) 121.5 (4) 
Re-P( 1)-C( 121) 119.6 (3) 
Re-P(1)-C(131) 115.0 (3) 
C(l1 l)-P(l)-C(l21) 98.4 (7) 
C(lll)-P(l)-C(l31) 100.9 (5) 
C( 121)-P( 1)-C( 131) 97.1 (4) 
Re-P(2)-C(211) 121.7 (4) 
Re-P(2)-C(22 1) 114.8 (2) 
Re-P(2)-C(23 1) 117.1 (3) 

"Numbers in parentheses are estimated standard deviations in the least significant digits. 

The IH N M R  spectrum of 1 also contains sharp lines, and the 
peaks were tentatively assigned on the basis of their relative 
intensities and by comparison with literature  assignment^.^^ I t  
is interesting that we observed very broad resonances in the 31P{1H) 
N M R  spectrum of 1, in contrast to earlier observations, where 
no signals were ~ b t a i n e d . ~ "  

Some variable-temperature 'H and 31P(IH) spectra of 2 are  
displayed in Figures 1 and 2, respectively. Previously, we showed 
how the low T1 relaxation times (25 ms a t  -50 oC)3a for the 
metal-bonded hydrogen atoms a t  the different temperatures in- 
dicated that this was a molecular hydrogen (q2-H2) ligand.1° 

There are  several more interesting points to be made about 
complex 2. First, although the TI times for the metal-bonded 
hydrogen atoms fall into the range that would indicate an q2-H2 
ligand (82 ms a t  20 'C),fa the zJHp coupling is very large (Figure 
1, J = 19 Hz). Previously, such *JHP couplings either were not 
observed or were shown through simulation to be very small (5 .8 
H Z ) . ~ ~ ? "  Second, the equilibrium between dihydride and q2-H2 
forms that was clearly evident in the case of W(C0)3(PiPr3)2H212 

(10) Hamilton, D. G.; Crabtree, R. H. J .  Am. Chem. SOC. 1988,110,4126. 
(11) Bautista, M.; Earl, K. A.; Morris, R. H.; Sella, A. J .  Am. Chem. SOC. 

1987, 109, 3780. 
(12) Kubas, G. J.; Unkefer, C. J.; Swanson, B. I.; Fukashirna, E. J. Am. 

Chem. SOC. 1986, 108, 7000. 

P(3)-C( 33 1) 
P( 3)-C( 3 2 1) 

P(4)-C(411) 
P(4)-C(42 1) 

P(3)-C(33 1) 

P(4)-C(431) 

C(21 l)-P(2)-C(221) 

C(221)-P(2)-C(23 1) 
Re-P(3)-C(311) 
R e p (  3)-C( 321) 
Re-P(3)-C(33 1) 
C(31 l)-P(3)-C(321) 
C(3 1 l)-P(3)-C(33 1) 
C(321)-P(3)-C(33 1) 
ReP(4)-C(411) 
Re-P(4)-C(421) 
Re-P(4)-C(43 1) 

C(21 l)-P(2)-C(231) 

C(41 l)-P(4)-C(421) 
C(41 l)-P(4)-C(431) 
C(421)-P(4)C(43 1) 

1.85 (2) 
1.806 (9) 
1.846 (1 2) 
1.818 (12) 
1.839 (9) 
1.846 (11) 

100.9 (5) 
100.5 (5) 
98.0 (4) 

115.6 (4) 
117.6 (3) 
119.7 (3) 
102.4 (6) 
100.7 (7) 
97.5 (5) 

115.7 (5) 
117.5 (3) 
118.5 (3) 
101.8 (6) 
101.6 (6) 
98.8 (5) 

Table IV. T,  Times for the Metal-Bonded Hydrogen Atoms in 
ReH1(PMePh,)d (3) at 400 MHz in CD,CI, 

temp, OC TI, ms" temp, OC TI, msa 
22 280 (-6.1) -49 142 (-6.2) 
-9 208 (-6.1) -69 192 (-6.2) 

-29 191 (-6.1) -89 247 (-5.9), 347 (-7.0) 

"The chemical shift in ppm is given in parentheses after the TI val- 
ues. 

is not present in the case of 2, as is evident in the IH N M R  plots 
obtained from the TI studies. Furthermore, the q2-H2 ligand in 
2 occupies a very "electron-rich" site, to judge from the urn stretch 
(IR) of the dinitrogen analogue (w of ReC1(N2)(FMePh2)4 1925 
cm-I),l3 whereas V" values for the previous dinitrogen analogues 
of v2-H2 complexes fall in the range 2060-2160 cm-1.14,15 
Therefore, in 2, the steric factors of the ancillary ligands play a 
very important role in stabilizing the H-H bond.15 Finally, the 
low-temperature 31P(1H] N M R  spectra display remarkable 
chemical couplings (Figure 2). At 78 O C  the spectrum consists 

(13) Chatt, J.; Dilworth, J. R.; Leigh, G. J. J .  Chem. SOC., Dalron Trans. 
1973, 612. 

(14) Morris, R. H.; Earl, K. A.; Luck, R. L.; Lazarowych, N. J.; Sella, A. 
Inorg. Chem. 1987, 26, 2674. 

(15) Kubas, G. J. Comments Inorg. Chem. 1988, 7, 17. 
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Figure 2. Variable-temperature "P{'H} NMR spectra of ReC1(q2-Hz)(PMePhz)4 (2) at 81 MHz. The solvent is CH2C12 when T I  22 "C and C6H6 
when T 2 22 "C. 

of a sharp singlet, which is in keeping with four equivalent 
phosphorus atoms. However, a broad peak is obtained a t  room 
temperature, indicating some fluxional process is being frozen out, 
and at  -21 OC a t  least two broad bumps are  observed. At -91 
OC various multiplets in the range of -27 to +7 ppm are observed. 
Only the multiplet at  6 -17.9 is observed upon warming the 
solution to ca. 20 OC, indicating that this process is reversible. 
Furthermore, a coupled pattern is also observed at  -91 "C in 
acetone for 2 in the presence of a large excess of PMePhz. It is 
not clear exactly what process is responsible for this magnetic 
inequivalence of the phosphorus atoms. It is conceivable that either 
different rotamers of the phosphine ligands and/or different 
orientations of the q2-H2 ligand might be responsible. 

Some variable-temperature IH N M R  spectra for the hydride 
region only of complex 3 are  displayed in Figure 3, and the T ,  
times for these peaks are  listed in Table IV. The spectrum at 
22 OC consists as expected of a quintet ( J  = 20 Hz). This quintet 
becomes a very broad line a t  -70 OC, which is resolved into two 
bumps of 2:l intensity of -80 OC. Finally a t  -105 OC the two 
bumps are  further resolved into two overlapping triplets at  ca. 6 
5.86 and 5.90 (each with J = 22 Hz) and a triplet a t  6 7.0 ( J  = 
41 Hz). When the complex is warmed to ca. 20 OC, only the 
quintet a t  6 -6.1 is observed and, thus, this process is reversible. 
The X-ray single-crystal structure of 3, discussed below, indicates 
that the geometry of 3 is that of a distorted pentagonal bipyramid. 

Thus, the two peaks in the hydride region can be assigned to the 
two different types of metal-bonded hydrogen atoms in the 
structure. 

In a study on ReH3(dpae)* (dpae = Ph,AsCHzCH2AsPh2) a 
similar IH N M R  pattern in the hydride region was observed.I6 
However, in this case the coupling was that of an A2B pattern 
with JAB = 9.5 Hz. This is much smaller than the two different 
coupling constants that we observed for 3. In this case the observed 
pattern can best be described as due to each magnetically in- 
equivalent hydrogen atom coupled to two equivalent phosphorus 
atoms with very small (not observed) couplings to the other two 
phosphorus atoms and also very small coupling to the other hy- 
drogen atoms. Thus, in the case of 3 we have 'H  N M R  evidence 
for two magnetically different phosphine ligands at  low temper- 
atures. This is also evident in the low-temperature 31P(1H) N M R  
spectra of 3, where two bumps of roughly equal intensity are 
obtained a t  6 5.8 and 4.0, a t  -90 OC. 

Not shown in Figure 3 are  the resonances due to the methyl 
groups on the PMePhz ligands, which change from a singlet (6 
1.2) at  room temperature to two broad bumps (6 0.2,0.9) of equal 
intensity at  -105 OC. This pattern is much simpler than the one 
obtained from the methyl groups in 2, at ca. -90 OC, where several 

(16) Ginsberg, A. P.; Tully, M. E. J .  Am. Chem. SOC. 1973, 95, 4749. 
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Figure 3. Variable-temperature 'H NMR spectra of ReH3(PMePh2), (3) in CD2C12 at 400 MHz. The quintet at 22 OC is at B - 
Hz. 

Table V. Electrochemical Data on Complexes 1-4 

complex E1/2(OX)' 
ReC13(PMePh2)3 (1) 0.9 
ReC1(q2-H2)(PMePh2)4 (2) -0.07 
ReH3(PMePh2)4 (3) -0.17 
ReC1(CO)3(PMePh2)2 (4) -0.17 

'V vs Ag/Ag+; 22 OC; solvent CH2C12; electrolyte "Bu4NBF4; scan 
rate 200 mV/s. 

broad bumps not of equal intensity are  observed in the range 6 
0-2. 

It is clear from these studies that in 3 we have a fluxional system 
which is resolved at  -90 OC. The question that remains is whether 
or not this involves an equilibrium between a classical hydride 
and an q2-Hz ligand or three classical hydrides. The TI times listed 
in Table IV indicate a minimum value of 142 ms a t  400 M H z  
and -49 OC, and this corresponds to a Tl(min) time of 71 ms a t  
200 MHZ. '~* ' '  This is within the range reported for complexes 
possibly containing molecular hydrogen ligands (4-80 ms).Io The 
TI times increase further as the temperature decreases, and then 
two different values are obtained for the unique hydride (347 ms) 
and the two geometrically equivalent ones (247 ms), in agreement 
with the previously described trends.3b 

Electrochemical Data. Table V lists the oxidation potentials 
found for complexes 1-4. As expected, complex 1 is the hardest 
to oxidize, consistent with this complex having the highest oxi- 
dation state. Complexes 2 and 3 are  oxidized around -0.1 V vs 
Ag/AgCl, which is not surprising, but it is interesting that complex 

(17) Harris, R. K. In Nuclear Magnetic Resonance Spectroscopy; Pitman: 
London, 1983; pp 85-88. 

06, with J = 20 

Figure 4. ORTEP drawing of 1, with a partial listing of the atomic num- 
bering scheme. the ellipsoids represent thermal displacements and are 
drawn at the 50% probability level. Carbon atoms are represented by 
spheres of arbitrary size. 

4 would also be oxidized a t  a similar potential. 
Crystallographic Results. ORTEP drawings of complexes 1 and 

3 are  shown in Figures 4 and 5, respectively. Complex 1 exists 
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Figure 5. ORTEP drawing of 3, with a partial listing of the atomic num- 
bering scheme. Atoms H(l), H(2), and H(3) are represented by spheres 
based on their isotropic thermal parameters drawn at the 50% probability 
level. The remaining ellipsoids and spheres are as in Figure 4. 

in the solid state in a meridional configuration. The same con- 
figuration was found in a crystallographic study'* on the complex 
ReCl,(PMe,Ph), (S), and this is also consistent with the solution 
studies discussed above. The average Re-Cl distances for Re- 
Cl(trans to C1) (2.347 [3] A)I9 and Re-Cl(trans to P) (2.446 (7) 
A) are  similar to those reported for 5 (2.353 (6) and 2.454 (6) 
A, respectively). Furthermore, the average Re-P(trans to P) 
distances (2.472 [2] A) are  similar to those in 5 (2.458 (6) A). 
However, there are significant differences between the ReP( t r ans  
to C1) distance in 1 (2.448 (6) A) and that in 5 (2.401 (6) A). 

The geometry of complex 3, as  seen in Figure 5, is that of a 
distorted pentagonal bipyramid. The only other structure de- 
terminations on rhenium trihydrides have been on the complexes 
ReH3(dppe)220 (dppe = Ph2PCH2CH2PPh2) and ReH3(dppe)- 
(PPh3)2.21 In these cases the metal-bonded hydrogen atoms were 
not located in the difference maps but it was pointed out that the 

(18) Aslanov, L.; Mason, R.; Wheeler, A. G.; Whimp, P. 0. J .  Chem. SOC. 
D 1970, 30. 

(19) Brackets signify the variance, viz. [ (CA?) /n (n  - 
(20) Albano, V. G.; Bellon, P. L. J .  Organomef. Chem. 1972, 37, 151. 
(21) Chem. Abstr. 1968, 69, 39504s. 

overall geometry might be that of a pentagonal bipyramid. 
However, with 3 the metal-bonded hydrogen atoms were located 
in the difference maps and refined freely. The average Re-H 
distance of 1.76 [2] A is about the same as those in ReH5- 
(PMePh2)3 (1.688 (5) A)22 and K2ReH9 (1.68 (1) A)23 which were 
determined by neutron diffraction. This is significant, because 
X-ray-determined metal-hydride distances should be shorter than 
those obtained by neutron diffraction. Furthermore, the H- 
(2)-H(3) distance of 1.96 (13) 8, is much longer than would be 
expected if this complex were to be classified as containing a 
molecular hydrogen ligand (where d(H-H) C 1.2 A).24 Of course, 
one possibility that cannot be ruled out is that the structure was 
done on an isomer that contained only classical hydride ligands. 
However, if one assumes that this is an adequate structural rep- 
resentation of 3, then there must be some other explanation for 
the short TI values obtained. In addition to the dipole-dipole 
mechanism there are  other relaxation processes that might be 
responsible for the short TI times measured,25 but they have not 
previously been invoked in such compounds. 

The interesting angles in complex 3 are those of P(3)-Re-P(4) 
(136.08') and P( 1)-Re-P(2) (160.05'), where P ( l )  and P(2) are 
bent toward the smaller H(2)  and H(3)  ligands and away from 
the two bulky equatorial phosphine groups. The Re-P average 
distance of 2.370 [8] is similar to those reported for ReH,- 
(dppe)?O (2.34 A) and ReH3(dppe)(PPh3)221 (2.36-2.39 A). 

Conclusions. The direct reduction of ReCIS in the presence of 
phosphines is a good synthetic route to low-valent rhenium com- 
plexes. The products obtained depend on the choice of reducing 
agent and reaction conditions. The H(2)-H(3) distance of 1.96 
(1 3) A determined in a structural analysis of ReH3(PMePh2), 
(3), if it is accurate, provides further evidence that the upper limit 
of the range (currently 4-80 ms at  200 MHz)l0 used in the N M R  
TI method to ascertain whether a molecule contains a nonclassical 
dihydrogen ligand is too high. We suggest, in the case of poly- 
hydride complexes, that such conclusions be drawn only if sup- 
ported by solid-state structural characterizations, of which the 
neutron structure would be the most definitive. 
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