Inorg. Chem.2001,40, 3463-3467 3463

Synthesis and Characterization of ReCIl(H)(AsMePh,)s, a Classical Hydride Complex;
Reexamination of ReCIl(H)(PMePhy), and Theoretical Calculations on Model Compounds
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The synthesis of ReClI#{AsMePh), is reported and verified on the basis'Bf NMR and FAB-MS. The minimum
T, time for the metal-bonded hydrogen atoms was determined to be 44 78°C) and 89 48 °C) ms at 200
and 400 MHz, respectively. From this minimumatime, and, allowing for contributions from other nuclei to the
relaxation, a metal-bonded H to H atom distance of 1.57 A can be assessed. The complex is reversibly oxidized
at a potentiaEyz(0x) = +0.07 V. TheJyp coupling in the related ReCI(HD)(AsMeRh compound was at 3.3

Hz. These data for ReCIgh{AsMePh), suggest that this molecule contains classical hydrides, and interpretations
on T; and X-ray data published previously for ReCijtPMePh), suggest that this molecule contains a very
long metal-bonded HH interaction of 1.39 A. Theoretical calculations on model compounds ReJTKRz)4

(X = P, As; R= H, Me) give virtually identical averagéy_y values of 1.5 (XH) and 1.63 (XMg) A.

Introduction Additionally, the complexes ReCl¢gi{dppe} and ReCI(H)-
o (dppee) were previously synthesized and characterfz&€dese
The characterization by Kubasf two metal-bonded H-atoms complexes have simildFy(min) times (43 ms at-40 °C and
attached to each other within the compound W(&RPPr)>- 29 ms at 26°C, by 200 MHz NMR) andlye values (20 Hz for
(7*-Hz) ushered in a period of intensive research into transition both) to ReCI(H)(PMePh),, but have greatly lessened reactivity
metal *-dihydrogen complexes. The importance of this area 5 1, displacement reactions. Interestingly enough, the greater
of research lies in the elucidation of the nature of metal gty of the dppee ligand as compared to dppe resulted in a

hydrogen and hydrogerhydrogen bonding. More recently, higher temperature at which the minimufa was obtained,
there has been an evolution in thinking for the nature of an yerhaps reflective of a more hindered rotation.

e s et TS wok desribes wha ffect changing th s atoms s
those due to classical metal hydride bonding (€4.65 A)?2 gfn taheecr(]))ﬁgrr)llii :%geaglc(i;&gﬁé;;f Cim-m:g?; hl;);tggeiy\r/\grl;e&s
. . . . 4y .
ooﬁsee\r/l//?t/ic?:l ?rzgltjlg%gcl:fgaeslg%;i?rﬁgo:smaaslic?ggcc))rfngrllasgteecrj sbi)z/;he successful in predicting geometries of transition metal polyhy-
. . . : dride complexe$. Therefore, we have also used MP2 and
e i oy e £0L7P Calcalons o compar h geometesof e prosphine
complexes follows the™ > Br~ > CI~ trend in o-donor and arsine complexes.
strengths and thereby increases the metalo H—H o* Experimental Section
interaction for the metathydrogen bond in the same order.
These results coincide with the electronegativities of the trans . ! i
halogens; chlorine, being the most electronegative, draws thecommerCIaI sources. THF and hexane were dried over sodium ben-
9 ’ . g 9 ’ zophenone ketyl and distilled under dinitrogen. Methanol was dried
most electron d(_'ms'ty away from the metal'_ __over magnesium methoxide. Reactions were carried out under inert
We have prewously condu_cted _research aimed at determiningatmospheres, either Ar or,Nusing Schlenk techniques. The IR spectra
the effect that changing the identity of the halogen trans to the were recorded using a KVB/Analect IR instrument. Mass spectral data
dihydrogen ligand in ReClé-Hy)(PMePh)4* would have on were obtained at the Michigan State University Mass Spectrometry
the (H—H) interaction, as it is anticipated that the nature of the Facility, which is supported, in part, by a grant (DRR-00480) from the
dihydrogen ligand will change as the trans halogen is varied. Biotechnology Research Technology Program, National Center for
Thus the compounds ReX§{PMePh)s, X = Br- and I, were Research Resources, National Institutes of Health. ¥eNMR
synthesized and on the basis of their respectienin) values spectrum were recorded on Varian XL 20_0 and XL400 spectrometers
4 - . . in either acetonel or benzenads. The cyclic voltammetry measure-
(92, 62, and 101 ms for the CIBr, _and I, respectively), did ments were carried out on a BAS CV50 electrochemical analyzer in a
not fqllow the same trend as that discovered for the Ir complex g 1 m [PBUN][BF4] solution in THF (0.82 g of BuN][BF] in 25
mentioned above. mL of THF) with a glassy carbon electrode reference to a Ag/AgCI
reference electrode.
* Corresponding author. Fax: (906) 487-2061, e-mail: rluck@mtu.edu.  Synthesis of AsMePh. This ligand does not appear to be available
(1) Kubas, G. J.; Ryan, R. R.; Swanson, B. |.; Vergamin, P. J.; Wasserman,commercially and thus had to be synthesized. Asgh0 g) was
H. J.J. Am. Chem. S0d 984 106, 451. dissolved in 25 mL of dry THF under Ar. Li metal (0.023 g), cut and
(2) Jessop, P. G.; Morris, R. KLoord. Chem. Re 1992 121, 155. beaten into flat pieces, was added to the solution and the mixture heated

(3) (a) Le-Husebo, T.; Jensen, C. Morg. Chem.1993 32, 3797. (b) ; ; eri ;
Mediati, M - Tachibana, G. N.. Jensen. C. Morg. Chem 1990 29, overnight with stirring at reflux temperature. The solution changed from

3. (c) Mediati, M.; Tachibana, G. N.; Jenson, C. Morg. Chem.

Materials. AsPh;, Li, ReCk, and Na were used as purchased from

1992 31, 1827. (6) Kohli, M.; Lewis, D. J.; Luck, R. L.; Silverton, J. V.; Sylla, Knorg.
(4) (a) Cotton, F. A.; Luck, R. LJ. Chem. Soc., Chem. Commd888 Chem 1994 33, 879.

1277. (b) Cotton, F. A.; Luck, R. LUnorg. Chem1989 28, 2181. (c) (7) (a) Lin, Z.; Hall, M. B. Coord. Chem. Re 1994 135/136 845 (b)

Cotton, F. A.; Luck, R. LInorg. Chem.199Q 30, 767. Maseras, F.; Lledos, A.; Clot, E.; Eisenstein, Chem. Re. 200Q
(5) Luck, R. L.; O'Neill, R. S.;Polyhedron2001, 20, 773. 100 601.
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clear with a slight yellow tinge to red-brown and opaque when all of Table 1. T; Times for the Metal-Bonded Hydrogen Atoms in 1 at
the Li chips had reacted. In a separate flask, 4.69 g of Mel was added200 and 400 MHz in Acetonds

to 25 mL of THF and this solution added slowly via a cannula over a

period of 20 min. Upon completion, the mixture was stirred for 2 h. 200 MHz 400 MHz

MeOH was added to destroy unreacted compounds. The volume of  temp,°C Ty, ms temp;C Ty, ms
the resulting solution was reduced by 50% by vacuum distillation and 23 152 25 160
the remaining slurry washed with:3 10 mL of H,O using a syringe. 2.3 107 0 128.3
This removed most of the Lil salt. The mixture was then subjected to —18.2 79.6 —20 103

a dynamic vacuum overnight. The product, a clear yellow viscous oil, —38.2 58.5 —40 90
was obtained by vacuum distillation (0.5 mmHg, 1) using a short —58.4 47.8 —55 89.3
distillation pathway. The quantity obtained weighed 2.38 g correspond- _gg‘; gig _gg 13?%

ing to a 48% yield!H NMR (400 MHz, acetonek) 6 1.44 (s, 3H
CH3AsPh), 7.25-7.45 (m, 10H, MeAs@Hs).
Preparation of ReCl(Hz)(AsMePhy),, 1. This compound was

prepared in a manner identical to that for the phosphine analogue ReCl

(H2)(PMePh),* except that AsMePhwas used instead of PMeRtA
typical reaction consisted of 1.5 g of AsMefB.14 g of Na, 1.5 mL

of Hg, 0.58 g of ReG} and 25 mL of THF. These components were Re: (5s6p4d)/[3s3p3d]; & (5s1p)/[3slp]; P/As:

=0.033, 0.011£ae)= 0.3, 0.1); Cl: (5s5p2d)/[4s4p2df{=

.0.15, 0.05;&, = 0.06, 0.02;5, = 0.6, 0.2); K (3s)/[2s]

The basis set for the XMecalculations was as above (BSI)
except methyl groups were represented by STO-5g Héses.
(3s3p)/

mixed in a flask which was surrounded by an ice/water slush and this [2s2p]; Cl: (3s3p)/[2s2p]; & (10s5p)/[2s1p]; We: (5S)/[1s]

was stirred overnight. The resulting solution was filtered through Celite

and concentrated and MeOH added, yielding a light gray material 0.535 Discussion

g (28% yield) on this occasion. On other occasions lower yields were

obtained. IR data (Nujol mull) 29222854 m, 1260 s, 1080 m, 1017
S, 799 s, 734 s, 694 s, 4031 NMR (200 MHz, acetonek) 6 —9.15
(s, 2H,H,—Re), 1.52 (s, 12H, B3As), 6.80-7.60 (m, 52H, (GHs),-

The synthesis of is accomplished by the reduction of ReCl
using Na/Hg in the presence of AsMePthe compound does
not appear to be thermally stable and, unlike the more robust

As). This compound lost dihydrogen if recrystallized in a dinittogen PMePh analogué!,decomposes if dissolved in GEll; and loses
filled glovebox, and we were not able to purify it under Ar using dihydrogen if recrystallized in a dinitrogen-filled glovebox.
vacuum line Schlenk techniques. Satisfactory elemental analyses wereSpectroscopic measurements were determined on freshly pre-

not obtained for this compound, andtd NMR spectrum in acetone-

ds is supplied as Supporting Information in order for an assessment of
the kind of bulk purity that the reduction reaction produces. Addition-

ally, the complex ReCIl(HD)(AsMeR was prepared by conducting

the synthesis under an HD atmosphere. The HD gas was generated by

reacting NaH with RO. The'H NMR spectrum in the hydride region
for this molecule presented as Figure 1 consists of a singlet&.13
and an uneven three-line patterndat9.16,J4p = 3.3 Hz. The small

pared samples df. We did not obtain a reasonable elemental
analysis forl. However, it was possible to characterize this
compound by a variety of spectroscopic techniques.
Convincing evidence that the complex was produced is
evident in the results of a FAB-MS experiment. Peaks indicative
of the molecular ion [ReCl(k)(AsMePh)4]* (1200 m/z) and
fragments [ReCl(k)(AsMePh)s]t (956 mVz), [ReCl(AsMe-

bump até —9.2 may be due to resonances from the ortho-substituted Phy)s]™ (954 m/z), [ReCIl(AsMePh),]™ (710mVz), [AsMePh]*

complexes ReCI(kJ(AsMe(CGDzHs),)s and/or

(C6D2H3)2)4-
Theoretical

ReCI(HD)(AsMe-

Calculations were performed on model compounds of both

phosphine and arsine compounds ReGJ(MR3)s. XR3 (X =

P, As; R= H, Me). Geometries were optimized using MP2

(XH3) and B3LYP (XH; and XMe;) using the GAMESS UK

packagé® Several basis sets were used for calculations og XH

complexes based upon the modified Ermi@hristiansen
relativistic effective core potentials (RECPs) for Ré,the
Wadt-Hay bases for P, As, and &l,and the Dunning triple:
basis for H'?

BSI: Re: (5s6p4d)/[3s3p3d]; & (5s1p)/[3slp]; P/As:
(3s3p)/[2s2p]; Cl: (3s3p)/[2s2p]; #d (3s)/[25]

BSIl: Re: (5s6p4dif)/[4sd4pddifg( = 0.8); Hre (5slp)/
[3s1p] (€p = 1.0); P/As: (3s3pld)/[2s2pldi{p)= 0.37,Eq(as)
= 0.293); Cl: (3s3p1d)/[2s2p1dE{ = 0.6); Hp: (3s)/[2s]

BSIIl: Re: (5s7p5d1f)/[3s4p4d1lfif, = 0.015,54 = 0.033,
& = 0.8); Hre: (7s2p)/[5s2p] §s = 0.033, 0.011%, = 1.0,
0.33); P/As: (5s5p2d)/[4s4p2dE{py = 0.04, 0.013;&,p) =
0.033, 0.011&4p) = 0.37, 0.123£5(as) = 0.0469, 0.015&,(as)

(8) GAMESS-UK is a package of ab initio programs written by M. F.
Guest, J. H. van Lenthe, J. Kendrick, K. Schoeffel, P. Sherwood, and
R. J. Harrison, with contributions from R. D. Amos, R. J. Buenker,

M. Dupuis, N. C. Handy, I. H. Hillier, P. J. Knowles, V. Bonacic-

Koutecky, W. von Niessen, A. P. Rendell, V. R. Saunders, and A.
Stone. The package is derived from the original GAMESS code due
to M. Dupuis, D. Spangler, and J. Wendoloski, NRCC Software

Catalog, Vol. 1, Program No. QG01 (GAMESS), 1980.

(9) Ross, R. B.; Powers, J. M.; Atashroo, T.; Ermler, W. C.; LaJohn, L.

A.; Christiansen, P. AJ. Chem. Phys199Q 93, 6654.
(10) Couty, M. Hall, M. B.J. Comput. Cheml996 17, 1359.
(11) Wadt, W. R.; Hay, P. 1. Chem. Phys1985 82, 284.
(12) Dunning, T. H.J. Chem. Phys197Q 55, 716.

(244m/z), [AsPhy] ™ (229Vz), and [AsMePht (167nvz), where

the number in parentheses indicates the highest peak of the
various isotopic patterns observed. The profile of these patterns
matched the calculated isotopic patterns. It is noteworthy that
in the case ofl the molecular ion was the species observed in
the FAB-MS experiment whereas in the case of Reg@KH
(PMePh),4, the protonated molecule (i.e., [HReCHH
(PMePh)4] ™) was produced?In both cases an identical matrix
was used, namelyy+nitrobenzyl alcohol.

Additionally, it is clear from theH NMR spectrum that the
complex contains a hydride and the ligand AsMgPFhe
resonance ai —9.15 (s, acetone) is in the region where the
metal-bonded H atoms in ReCli{fPMePh), were observed
(0 —8.88, (g, CRCly)).* Table 1 lists thél; data obtained using
instruments at two different frequencies, namely 200 and 400
MHz, and these are illustrated graphically in Figure 2. The
minimum T, at 200 and 400 MHz were observed-at8 °C
and —48 °C and this is simply a reflection of the fact that the
lower frequency instrument requires a lower temperature for
the rotation of the molecule to match the Larmor frequeticy.
Equation 1 was first suggestécand then quantitatively used
to assess the rate of relaxation for #f—!H dipole—dipole
interaction for various hydride complex&s'® This equation

1 3j/4h2f Tc 4Tc
- 22" 2 2
10P |1+ 20?1+ 4

Ry = 1)

T
ldd(i ntra)

does not afford units of $ as stated in referenteif one
conducts an “evaluation of the constants.” However, the
formulation of the relaxation rate given in ed’2loes afford
units of s as evident in eq 3 using Sl units for the various
constantd® Therefore, it is clearly necessary to have thig/ (
477)? term when one evaluatds relaxation data using Sl units.
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This quantity is equivalent to 1 &cm? erg?, and including calculated and experimentdy minimum times, eq 6. This
this into eq 1 would afford units of ctns™! if cgs units are translates into a relaxation rate of 10.512 for the H—H dipole
used. A similar reformulation, given in eq 4, should be employed

when dealing with relaxation between an H atom and some otherRexptz 16 = Ryren T 2.80+ 0.111+ 2.577— Rypey =

non-H element*1’ The results afforded by use of equations 2 10512 d, ,, = 1.395 A (6)
_2[|% 2Vﬁy§h28(8+ 1) mechanism or an HH distance of 1.395 A. On this basis, we
Rix = 15\ 4 r® x can conclude that ReClgh{PMePh)4 contains a very long and

3 6 weak metal-bonded HH atom interaction. Others have con-
[ o, to } 4) cluded that distances greater than 1.1 A between the metal-
2
+

1+ 0?1+ 0] * 1+ 7w bonded H atoms indicate “little HH bonding.” This longer

distance with theT; minimum time analysis compared to the
shorter one assessed crystallographically illustrates the difficul-
[ies of refining metal-bonded H-atoms using X-ray data and
his was previously suggested to be an artifact of the X-ray
experimeng?

Unfortunately, we were unsuccessful in attempts to obtain
crystals of the complex ReCIgh{AsMePh)4. Therefore, to use
theT, data, it is necessary to construct a structural approximation
to the molecule. This analysis, presented as Supporting Informa-

and 4 are identical to those reported previods$ijhe only point
here is that these are the expressions to use if one employs S
units, which was suggested to be the standérd.

In addition to the many constructive uses of eq 1 pointed out
earlier we would like to utilize it to address the nature of
ReCl(H)(PMePh)4 which was assessed on the basis of a short
T, (ms at 200 MHz) and a single-crystal X-ray determined

structure @y = 1.17(13) A) as possessing an asymmetric tion, suggests that the +HH atom separation in ReClgt

stretched or Iopg metal-bonded H to H atom interactithwe _(AsMePh), is on the order of 1.57 A, which is larger than that
examine the distances between the metal-bonded H atoms iNobtained for the PMeRfanalogue, eq 7

that structure and other nuclei capable of contributing to the

relaxation (as suggested eary we calculate that the rate of _ + . + + .
relaxation should be on the order of 11.3 ms at 200 MHz, with Rneas™ Rurepr T Ritiganan  Rins + Rire

the contributions given in eq 5 for the rate calculated at 500 9.091= (77.51U(H,H)6) +2.00+ {(11.31/(3.141—

0.515ly )%} + 2(11.31/(3.076) + {(11.31/(3.109+

e = Ruren T Rugigangyn T Rup + Ryge = 29.908+
" - o ; 0.36y;_)%)} + 1.907—dyy y~ 1.57 A (7)

2.80+ 0.111+ 2.577=35.396 §* (5)

MHz. This analysis is somewhat compromised by the fact that Therefore it can be said that changing the ligands cis to the

. . . .__metal-bonded H atoms did have an effect on their interaction.
the positions of the atoms were assessed using X-ray diffraction ] i ; ) o
and, with this technique, the positions of the hydrogen atoms 't iS also interesting that in the case Bfthe minimumT,
nuclei and the centroids of electron density assessed using X-rayP?PServed is directly proportional to the resonance frequency of
do not coincidé® However, the calculated relaxation rate at the instrument in accordance with the equatioi(in)]* =

11.3 ms is lower than the 25 ms observed at 200 MHz. By y2wdB]? wherewo represents the resonance frequency of
assuming that the other rates of relaxation do not changethe instrument® This is different to what was observed with
significantly, we can calculate what the metal-bondedHd  the phosphine analogue ReCijtPMePh), where theT, at 200

distance should be so that there is agreement between théViHz of 25 ms did not directly scale to that at 400 MHz reported
at 92 ms’c This apparent lack of direct scale is not easily

explained, but may be accounted for by the contribution of the
metal-hydrogen and ligand-hydrogen dipeldipole interac-

(13) Hehre, W. J.; Stewart, R. F.; Pople, J. A.Chem. Physl1969 51,

2657. . o .
(14) Desrosiers, P. J.; Cai, L.; Lin, Z.; Richards, R.; Halpern].JAm. tions. As magnetic field strength increases, so does the tem-
Chem. Soc1991, 113 4173. perature at whicfi; is a minimum because the rate of tumbling

(15) Hamilton, D. G.; Crabtree, R. H. Am. Chem. S0d988 110, 4126.
(16) Earl, K. A;; Jia, G.; Maltby, P. A.; Morris, R. Hl. Am. Chem. Soc

1991, 113 3027. (21) Morris, R. H.Can. J. Chem1996 74, 1907.
(17) Heatley, FAnnu. Rep. NMR Spectrosto86 17, 179. (22) Maltby, P. A.; Schlaf, M.; Steinbeck, M.; Lough, A. J.; Morris, R.
(18) Poole, C. P., Jr.; Farach, H. Mandbook on Electron Spin Resonance H.; Klooster, W. T.; Koetzle, T. F.; Srivastava, R. £.Am. Chem.
AIP Press: Secaucus, NJ, 1994; p 1. Soc 1996 118 5396.
(19) Am. Soc. Test. Mate.99Q 03.06 E 386-90. (23) Harris, R. K.Nuclear Magnetic Resonance Spectros¢dpyman:

(20) Cotton, F. A.; Luck, R. LInorg. Chem 1989 28, 3210. Boston, 1983; p 87.
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913 Table 2. Theoretical Parameters for ReCHKXR3)4 (X = P, As;
) R = H, Me)
‘ 9.16 MP2 MP2 MP2 DFT DFT DFT
) BSI BSIl BSIll BSI BSll BSll
’ X=P dH-H),A 1.470 1.452 1.461 1.466 1.505 1.501
R=H dRe-H),A 1.630 1.637 1.641 1.654 1.661 1.661
d(Re—Cl), A 2.557 2.454 2.470 2.578 2.517 2.545
d(Re—P), A 2.405 2.342 2.342 2.431 2.396 2.400
X =As dH-H), A 1.467 1.452 1.458 1.484 1506 1.495
R= d(Re—H), A 1.631 1.639 1.638 1.657 1.660 1.656
" A A 4 an ' d(Re—Cl), A 2.563 2.459 2.479 2.587 2.522 2.541
-9.0 -9.1 -9.2 -9.3 d(Re—As), A 2.472 2.429 2.432 2504 2.491 2.496
Figure 1. The *H NMR spectrum of ReCI(HD)(AsMeR} in the X=P dH-H), A 1.639
Hydride Region. R=Me ggg:gl))}l}i %ggi
180 d(Re-P), A 2.428
160 . d(Re—P), A 2.507
/ 0(Cl—Re—P), deg 96.7
140 0(Cl—Re—P), deg 76.1
2 120 . </ X =As dH-H), A 1.619
£ 100 / / -4 400 MHz Data R=Me d(RE’FH)"E}E\ 1.659
g N / —e—200 MHz Data d(Re—Cl), 2.662
£ 80 d(Re-As), A 2.488
= 1
F &0 P d(Re-As’), A 2.553
\/ 0(Cl—Re—As), deg 95.2
40 0(Cl—Re—As’), deg 76.7
20 . . . .
0 the dihydrogen ligand lies between the planes of the phosphine
100 _5'0 (’) 50 ligands and the chloride rather than along one of the planes.

Theoretical geometries of XMeomplexes are similar to the
X-ray structure with~5° variations in the CtRe—P angles.
Figure 2. T, Times vs Temperature for Complex 1. Comparison of the MP2 Pbtructure with experiment shows

that this level of theory tends to underestimate the bond lengths
needed to match the Larmor frequency is greater. The contribu-petween the ReCl and Re-P atoms. Luck and Cotton observed
tions of heteronuclear dipotedipole interactions may vary with dre-c1 and averagedge p distances of 2.54 and 2.42 A,
ture Additionally, the®'P{*H} NMR spectrum of this molecule  errors of around 0.06 A while DFT calculations were much
in the hydride region shows variation over a temperature range closer ¢0.02 A). Therefore the DFT values for the arsine
which could be attributed to different rotamers of the phosphine complexes may be more reliable.

ligands, or differing orientations of the dihydrogen ligand, or = ynfortunately, the calculations did not reveal a significant
both. These rotamers will have different temperatures at which difference between theijH values for the two R= H

Temperature (C)

the respectively minimums are obtained. In the case bfa complexes. We expected this might have resulted from basis
longer ReAs bond may suggest that the different rotamers areset error, but even large bases with diffuse and polarization
not observed. functions on all important atoms show no difference in the bond

The HD analogue td, i.e., ReCI(HD)(AsMeP})s was also  |ength. The averagaly— values for the Pl and Ash
synthesized. This was accomplished by conducting the experi-complexes are 1.5 A, only 0.1 A longer than the theoretical
ment to preparel (normally done under Ar) under an HD ¢, in the isoelectronic, but less electron-rich, [Os(NHz)4-

atmosphere (produced by reacting NaH inOp. An HD CI]* complex2” The bond length in the osmium complex is
coupling of 3.3 Hz was observed with ReCI(HD)(AsMeJah  very close to the neutron diffraction for [OsAcfien)]*28

see Figure 1, in contrast to the case with thf3'P} NMR indicating good agreement between theory and experiment. The
spectrum of ReCI(HD)(PMeRJx where no HD coupling was  difference between th-derived distance and theory may result
resolvec® This HD coupling (assumingJup = 2 + 2 Hz from the steric effects present in the true complex. Because the

indicates a hydridedeuteridé* (i.e., Re(H)(D) coupling) isin  potential energy surface for stretching the-H bond is so
the range of classical hydride deuteride coupling and thus it is shallow?p27.29small changes in the coordination sphere may
not cgznestructlve to use the equatiday = —0.0168)(H,D) + drastically affect the HH bond distance. Therefore, we also
1.44>251o calculate the distance between the two atoms. calculated geometries for the XMelerivatives. No real dif-
Theoretical calculations were performed on four model ference indy_y was shown between the PMend AsMe
systems: ReCl())(XRs)s (X = P, As; R=H, Me). The MP2  derjvatives, again possibly due to an incomplete description of
and DFT results for the PHand Ash cases are very similar  the ligand sphere, but there was an increase inighg lengths,
with du-n on the border of classical dihydride distances (Table Taple 2. Significant differences between theoretical studies and

2) Addltlonally, a notable difference between these theoretical Tl have been reported previ0u§R/Experimenta| studies of
results and the X-ray structure of ReCHiPMePh), is that

(27) (a) Craw, J. S.; Backsay, G. B.; Hush, N.lisorg. Chem 1992 32,

(24) Abdur-Rashid, K., Gusev, D. G., Lough, A. J., Morris, R. H. 2230 (b) Craw, J. S.; Backsay, G. B.; Hush, NJSAm. Chem. Soc
Organometallics200Q 19, 1652. 1994 116, 5937.
(25) Maltby, P. A.; Schlaf, M.; Steinbeck, M.; Lough, A. J.; Morris, R.  (28) Hasegawa, T.; Koetzle, T. J.; Li, Z.; Parkin, S.; McMullan, R.; Taube,
H.; Klooster, W. T.; Koetzle, T. F.; Srivastava, R. £.Am. Chem. H. Int. Conf. Coord. Chen9th, 1992 (Lausanne, Switzerland).
Soc 1996 118 5396. (29) Barea, G.; Esteruelas, M. A.; LlesloA.; Lopez, A. M.; Tolosa, J. I.
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Table 3. Electrochemical Data directly compare the potentials for the compounds determined

in different solvents. Further, the fact that the oxidation potential

E
(rr%/eZ(aos):J)red), for ReCl(H)(PMePh), in the two solvents (using the Fd
complex Vvs Ag/Ag" conditions reference  Fe3t couple as a scale) does not correlate exactly suggests that
ReCl(H)(PMePh), —0.02 20°C, 0.1M this work we should not attempt to reduce the data to one scale. Clearly
i[r:B#ﬁNF][Ef;r]] the effects of solvation and differing ion transport capabilities
rate 100 mV/s in different solvents may contribute to determine the oxidation
ReCl(H)(AsMePh)s, 1 0.07 a a potentials. However, comparisons in the same solvent under
ferrocene 067 a a similar conditions are meaningful and, in that regdrayith a
ReCk(PMePh)s 0.90 szr%ugixll]?/élz : 4b reversible oxidation at 0.07 V is clearly more difficult to oxidize
in CH,Cly, ocan than the phosphine analogue ReG)({#MePh), at —0.02 V.
rate 200 mV/s These values are in agreement with the MP2/BSIII Koopman'’s
Eggég’z&(gg"'a’;%% :8-(1); a 22 theorem ionization potentials for ReC}PHs)4 (IP = 7.8 eV)
terrocene 052 a b and ReClI(H)(AsHz)4 (IP = 8.0 eV). This difference is directly

related to a less electron rich metal-center and this may be due
to the fact that the rupture of the stretched ligand is now
complete by changing the P atoms to As. However, note that
Cp*MH4(Hz)(PMes)* (M = Mo, W) gaveT; values for the Mo the complex ReG(PMePh), oxidized at 0.90 V which for a
complexes as half that for the W complex, suggesting some Re3* compound is much higher than the potential fbr
significant structural difference between the two species. Additionally, the potential for the compound ReftPMePh),
However, theoretical calculations gave very similar structures gt —0.17 V indicated that the metal center here was more
anddy-n distances for the two complexes. electron rich than in ReCI(®(PMePh), at —0.07 V. Clearly

To assess the reducing capabilityhithe oxidative potentials  this illustrates the fact that the electronic effects of a ate
measured using cyclic voltammetric methods were assessednot equivalent to that in a Clligand.
Table 3 contains these data toge_ther W'th tr_\ose reported for Acknowledgment. We thank Michigan Technological Uni-
closely related compounds. As is evident in Table 3, the ity f ting this research
measurements for the other complexes were conducted jn CH versity for supporting )
Cl,. Unfortunately, complex is not stable in this solvent as Supporting Information Available: The analysis of thd, data
evident by the disappearance of the hydride resonancékin a  and a figure displaying théd NMR spectrum of ReCl(b}(AsMePh),,
NMR spectrum in CBCl,. Thus the measurements had to be ﬁ T/r;ls bmaterlal is available free of charge via the Internet at
conducted in THF. It is clear from the difference in oxidation MtP*/Pubs.acs.org.
potentials of ferrocene in CGi€l, and THF that we cannot  1C010144U

aSame as above entry.



