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Several new polyhydride complexes of rhenium containing the tridentate phosphine BEBPKCH,PCyy), (Cyttp)

were synthesized and characterized'lyand3'P{*H} NMR and IR spectroscopy. The solid state structure of

the previously reported RekCyttp) (1) was determined by X-ray crystallographiyl crystallizes in the space

group P2:/m with the following unit cell parametersa = 8.582(2) A,b = 19.690(2) A,c = 10.800(2) A8 =

95.57(1y, andZ = 2. The molecule adopts a classical polyhydride, triangulated dodecahedral structure, with the
three phosphorus atoms and one hydrogen atom occupying the B sites, and the remaining hydrogen atoms occupying
the A sites. 1 is protonated by HSk(or HBF;) to yield [ReHi(17%-H.)(Cyttp)]SbFs (3), which was shown by

X-ray diffraction techniques (space grofi, unit cell parametersa = 9.874(2) A,b = 14.242(4) A,c =
16.198(2) Ao = 99.12(2}, 8 = 98.85(2}, v = 109.42(23, andZ = 2) to contain a nonclassical polyhydride

cation with a triangulated dodecahedral structure in the solid. The same structure is suggested in solbtion by
NMR data (includingl; measurements)3 is inert to loss of H and is unaffected by C@;BuNC, and P(OMeg)

at room temperature. In contradtreacts with a variety of reagents to afford classical tetrahydride complexes
which are thought also to possess a triangulated dodecahedral structure, with the hydrogens in the A sites, from
spectroscopic evidence. Accordingly, £8-O,NCsH4NCS, and EtOC(O)NCS (*C=S) insert into an ReH

bond to yield Rel(SCH=X)(Cyttp) (5-7, respectively). Mel cleaves one REl bond to afford Rekl(Cyttp)

(8), and [GH7]BF4 abstracts hydride in the presence of Me@BUNC, CyNC, or P(OMe)(L) to give [ReHiL-
(Cyttp)]BF4 (9—12, respectively). A related pentahydride, Réttp) (2, ttp = PhP(CHCH,CH,PPh),), also

reacts with HSbEto yield [RehHs(ttp)]SbFs (4), which appears to be a nonclassical polyhydride in solutiofisby
measurements.

Introduction dissociation and slower rates for the hydride fluxional

rocessedd !

Transition-metal polyhydride complexes have received con- P Rhenium forms a large number of polyhydride phosphine
siderable recent attention because of their diverse chemistry anc;omplexed; 69 but few of them contain tridentate phosphine
unusual structural properties, including possible presengé-of  jigands7df9 Recently we reported the synthesis of REEyttp)

H; ligands!~® Many of the polyhydride complexes studied (1, Cyttp= PhP(CHCH,CH,PCy.),) and ReH(itp) (2, ttp =
contain ancillary monodentate and bidentate phosphine ligands.php(CHCH,CH,PPh),) and reactions of these complexes with

In contrast, related complexes with triphosphine ligands have RO,CCH=CHCO,R.”9 We also reported in preliminary com-
been little investigated. Yet the use of tridentate phosphines munications the protonation @fto yield [ReHy(;%H2)(Cyttp)*
instead of similar monodentate phosphines may lead to several3)”f and the reaction of the latter with acetone to produce [ReH
desirable propertiel,such as increased stability to ligand (O)(Cyttp)[*.2° Concurrently with our studies, Crabtree and Luo
synthesized and characterized by spectroscopic means the related
complexes Rek{etp) and [Rel(etp)]" (etp = PhP(CHCH,-
PPh),), the latter being near the classical/nonclassical border-
line, i.e. Rek/ReHy(2-H,).™d

As part of our continuing investigations into the chemistry
of rhenium hydride complexes containing tridentate phosphine
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Rhenium Polyhydride Complexes

ligands, we have examined the reactivity dftoward the
heterocumulenes #C=S where X= S, p-O,NCgH4N, and
EtOC(O)N, toward Mel, and toward [E7]BF4 in the presence

of several ligands L. Reported here are the results of this study,

as well as the details of the structural and spectroscopic
investigations ofl and3. Also included in this paper are the
synthesis and spectroscopic characterization of the ttp analogu
of 3, [ReHs(ttp)]SbKs (4). (This formula will be used throughout
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vacuum overnight. Yield of ReiSCH=NCsH4NO,-p)(Cyttp) 6):
0.083 g (67%). Anal. Calcd for £gH7oN-O.PsReS: C, 53.90; H, 7.36;
N, 2.92; S, 3.35. Found: C, 54.09; H, 7.29; N, 2.88; S, 3.46.
Reaction of ReH(Cyttp) (1) with EtOC(O)NCS. A benzene
solution (25 mL) ofl (0.10 g, 0.13 mmol) and excess EtOC(O)NCS
(0.50 mL, 4.2 mmol) was stirred for 30 min at room temperature to

&ive a reddish brown solution. The solvent was removed under vacuum,

and 15 mL of EfO was added to the rust-colored residue. After
trituration, the solid was collected on a filter frit, washed with a small

the paper, since evidence for a nonclassical structure of compleX,mount of E£0, and dried under vacuum overnight. Yield of ReH

4 is incomplete.)

Experimental Section

General Procedures. All reactions and sample manipulations were
conducted under an atmosphere of Ar by use of standard procédlures.
Solvents were drie# distilled under Ar, and degassed before use.
Elemental analyses were performed by M-H-W Laboratories, Phoenix,
AZ. Infrared (IR) spectra were recorded on a Perkin-Elmer Model
283B grating spectrophotometer as Nujol mulls between KBr plates
and were calibrated with polystyrene. NMR spectra were collected
on a Bruker AM-250 spectrometetH chemical shifts were measured
with the residual solvent resonance as referen¢e. chemical shifts
were referenced to external 85%R0:. T, measurements were carried
out by the inversiorrrecovery method using a standard 180—90°
pulse sequence.

Materials. Reagents were obtained from commercial sources and
used as received, except as noted below. The complexesRgtp)

(1) and ReH(ttp) (2) were prepared by the literature procedui&Ehe
synthetic methods for the tridentate phosphine ligands Cyttp (PhP(CH
CH2CH,Cy,),) and ttp (PhP(CkCH.CH,PPh),) were essentially those
reported by Meek and co-worke¥s.

Preparation of [ReH4(n?-H.)(Cyttp)]SbFs (3). To a solution of
ReH;(Cyttp) (1) (1.00 g, 1.29 mmol) in 50 mL of benzene was added
an excess of 65% aqueous HSKHES5 mL, 2.2 mmol), and the mixture
was stirred for 30 min at room temperature. The volume of the solution
was reduced to ca. 3 mL under reduced pressure, and 30 mL,@f Et
was added to give a white precipitate. The powder was collected on
a filter frit, washed with a small amount of £, and dried under
vacuum overnight. Yield: 1.21 g (92%). Anal. Calcd fog8s7Fe-
PsReSh: C, 42.61; H, 6.65. Found: C, 42.73; H, 6.68.

By using HBR in place of HSbE, [ReHy(?-H,)(Cyttp)|BF, was
isolated in 88% yield. Anal. Calcd forgHeBFsPsRe: C, 49.94; H,
7.80; P, 10.73. Found: C, 49.93; H, 7.66; P, 10.81.

Preparation of [ReHg(ttp)]SbFs (4). To a solution of Rek(ttp)

(2) (0.20 g, 0.27 mmol) in 50 mL of benzene was added an excess of
65% aqueous HSRK1.5 mL, 2.2 mmol), and the mixture was stirred
for 30 min at room temperature. The solution was concentrated to ca.
2 mL under reduced pressure, and 20 mL ofEtvas added to give

a tan precipitate. The solid was collected on a filter frit, washed with
a small amount of EO, and dried under vacuum. Yield: 0.20 g (74%).

Reaction of ReH(Cyttp) (1) with CS,. A benzene solution (25
mL) of 1 (0.10 g, 0.13 mmol) and excess £8.10 mL, 2.1 mmol)
was stirred fo 2 h at room temperature. The solution was then
evaporated to dryness, 10 mL of,6twas added, and the mixture was
again stirred for several hours. The resultant yellow solid was collected
on a filter frit, washed with EO, and dried under vacuum overnight.
Yield of ReH,(SCH=S)(Cyttp) £): 0.092 g (82%). Anal. Calcd for
CsHeePsSRe: C, 52.03; H, 7.79; S, 7.51. Found: C, 52.37; H, 7.69;
S, 7.77.

Reaction of ReH;(Cyttp) (1) with p-O,NCgHsNCS. A benzene
solution (25 mL) of1 (0.10 g, 0.13 mmol) and excegsO,NCsHy-
NCS (0.10 g, 0.55 mmol) was stirred for 30 min at room temperature.
The solvent was removed under vacuum, and 10 mL £ ktas added
to the dark violet residue. After trituration, the powder was collected
on a filter frit, washed with a small amount of B, and dried under
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Compounds2nd ed.; Wiley: New York, 1986.
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(SCH=NC(O)OEt)(Cyttp) 7): 0.10 g (83%). Anal. Calcd for
C40H71NOsPsReS: C, 52.84; H, 7.87. Found: C, 52.78; H, 7.69.

Reaction of ReH;(Cyttp) (1) with Mel. To a solution ofl (0.10
g, 0.13 mmol) in 25 mL of benzene was added excess Mel (0.10 mL,
1.6 mmol), and the mixture was stirred for 45 min at room temperature
to give a white precipitate. The solution was concentrated to ca. 5 mL
and treated with 10 mL of ED to induce the formation of additional
solid. The white powder was collected on a filter frit, washed with a
small amount of BO, and dried under vacuum. It is insoluble in
benzene and acetone, but slightly soluble in,CH Yield of
ReHi|(Cyttp) (8): 0.11 g (92%). Anal. Calcd for &He71PsRe: C,
47.83; H, 7.25; 1, 14.04; P, 10.28. Found: C, 47.66; H, 7.15; 1, 14.29;
P, 10.31.

Reaction of ReH;(Cyttp) (1) with [C/H7]BF4 in Presence of
MeCN. A solution of1 (0.10 g, 0.13 mmol) and excess MeCN (1.0
mL, 19 mmol) in 25 mL of benzene was treated withfiZ]BF,, also
in excess (ca. 0.10 g, 0.56 mmol), and the contents were stirred for 2
h at room temperature. The reaction mixture was filtered through a
frit to remove unreacted [1;]BF,s. The volume of the filtrate was
reduced to ca. 3 mL, and 10 mL of Bt was added to induce the
precipitation of a white solid. The solid was collected on a filter frit,
washed with a small amount of &1, and dried under vacuum. Yield
of [ReH,(MeCN)(Cyttp)]BF: (9): 0.094 g (77%). Anal. Calcd for
CssHesBFsNPsRe: C, 50.44; H, 7.57; N, 1.55. Found: C, 50.26; H,
7.71; N, 1.52.

Reaction of ReH;(Cyttp) (1) with [C;H7]BF4 in Presence of
t-BuNC. A solution of 1 (0.10 g, 0.13 g) and excessBuNC (ca.
0.050 mL, 0.44 mmol) in 25 mL of benzene was treated wiBuNC,
also in excess (0.10 g, 0.56 mmol). The mixture was stirre@ fo at
room temperature and then filtered through a frit. The filtrate was
evaporated to dryness, and the residue was treated with 10 mkQ@f Et
After trituration, the white solid was collected on a filter frit, washed
with a small amount of EO, and dried under vacuum. Yield of [ReH
(t-BuNC)(Cyttp)]BFz (10): 0.10 g (81%). Anal. Calcd for
CuH7BF:NP;Re: C, 52.00; H, 7.88; N, 1.48. Found: C, 52.17; H,
7.90; N, 1.49.

Reaction of ReH;(Cyttp) (1) with [C;/H7]BF4 in Presence of
CyNC. The procedure was identical with that ft, except that CyNC
(0.050 mL) was used in place ¢fBuNC. Yield of [ReH(CyNC)-
(Cyttp)IBF, (12): 0.070 g (56%). Anal. Calcd for gH7¢BF:NP;Re:

C, 53.08; H, 7.87; N, 1.44. Found: C, 52.90; H, 7.66; N, 1.45.

Reaction of ReH(Cyttp) (1) with [C/H7]BF, in Presence of
P(OMe)s. The procedure was identical with that fb®, except that
P(OMe} (0.050 mL, 0.42 mmol) was used in placeta8uNC. Yield
of [ReHy(P(OMe})(Cyttp)|BF4 (12): 0.072 g (55%). Anal. Calcd for
CsoH74BF4OsPsRe: C, 47.42; H, 7.55; P, 12.54. Found: C, 47.52; H,
7.45; P, 12.66.

X-ray Data Collection and Refinement of the Structure of
ReHs(Cyttp) (1). Crystals for X-ray diffraction were obtained by slow
evaporation of the solvent from a saturated benzene solution under a
flow of argon. The crystal used for data collection was clear, light tan
in color with a rectangular rod-like morphology. Diffraction data were
collected for compounds$ and3 as summarized in Table 1. Examina-
tion of the diffraction pattern on a Rigaku AFC5S diffractometer showed
a monoclinic crystal system with systematic absencés;, 0= 2n +
1. The space group possibilities are limited?2, or P2;/m. The cell
constants were determined at room temperature by a least-squares fit
of the diffractometer setting angles for 25 reflections in ther@nge
29-30° and with Mo Ko radiation ¢(Ka) = 0.71069 A).

Intensities were measured by te-26 scan method. Six standard
reflections measured after every 150 reflections indicated that the crystal
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Table 1. Crystallographic Data for Complexdsand 3 obtained by slowly evaporating solvents from a saturated solution of
1 3 CH.Cl/MeOH under a flow of argon. A colorless crystal was glued
at the tip of a glass fiber and mounted on a Enraf Nonius CAD4
chem formula GeHssPsRe GeHemsPsReSh diffractometer. All data were collected at 223 K with graphite
fw 778.05 1014.80 monochromated Mol radiation. The unit cell dimensions were
Space group P2y/m Pl obtained from the setting angles of 25 reflections witli 2420 <
a, 8.582(2) 9.874(2) 30°. The space group choices are restricte@toandP1.
b, A 19.690(2) 14.242(4) \ ) .
¢ A 10.800(2) 16.198(2) The |nten3|ty.data were coII_ected in the-20 scan mode. Three
o, deg 99.12(2) stano_larc_i reflectlon_s were monitored ex8rh of X-ray exposure, and
B, deg 95.57(1) 98.85(2) they indicated a slight linear crystal decayf.4%). All calculations
y, deg 109.42(2) were performed with the SDP packageThe data were corrected for
v, A3 1816 2068 decay and for absorption by the scan method® The structure was
z 2 2 solved by the combination of direct methods (MULTAN 11/82)nd
Deaica g CNT3 1.42 1.63 Fourier synthesis in space groei.
u, cmt 35.42 37.85 Full-matrix least-squares refinements were carried out with aniso-
temp,°C 23 —50 tropic thermal parameters for the non-hydrogen atoms. The hydrogen
tranim coeff 0.6921.000 0.564-0.999 atoms attached to carbons were included in the refined structure at
Ef:(:l):)b 88%5 88%2 calculated positions with €H = 0.98 A andBy = 1.2Bceq A

difference electron density map calculated with all the atoms in the
AR(F) = Z||Fo| — [F/|/ZIFol. ® Ru(F) = [EW(|Fo| — |Fc|)Z=w|Fo|7 Y2 model except for the hydrogens bonded to Re shows the following
with w = 1/062(Fo). peak heights: the top two peaks at 1.05 and 0.84 ar& noise peaks

. . ) . near Re, while the next seven peaks at 8:0%0 e/& correspond to
was stable during the data collection. Data reduction and all additional 4> 15 H1. noise near Sb. H3. noise near F3. and H6 respectively. A

calculations were done with the TEXSAN package of crystallographic igerence electron density map for the same model calculated with a

programs'* i ) (sin @)/ cutoff of 0.42 A1 results in the top six peaks corresponding
The structure was solved and successfully refineB2gm. With to H4, H1, H2, H5, noise near Re, and H6, respectively, within the

two molecules_ in _the unit cell, the mo_IgcuIe is required to contain a range 0.79-0.38 e/R: contour plots of various planes show compact
crystallographic mirror plane. The position of the Re atom was located peaks for H1, H2, H5, and H6 but a large, diffuse peak for H4. The

from a Patterson map. The Re atom was then used as a phasing model e for this large peak can incorporate both H3 and H4: this would

in DIRDIF,*® and most of the remainder of the atoms in the asymmetric explain why H3 is located in the map calculated with no @il cut-

unit appeared on the resulting electron density map, with the exception o« \hile H4 appears in the 0.42Amap. To further investigate this

of Six carbon atoms. The positions of these missing atoms were large peak, H1, H2, H5, and H6 were added to the model and refined
obtained by standard Fourier methods. Full-matrix least-squares jsqropically. A contoured difference electron density map for a plane

Isotropic reﬂ_nemzent convzerged at @ value of 0.066 for those  argiiel to the plane defined by Re, P2, and P3 and displaced from it
reflections withF,* > 30(F,%). At this point an absorption correction 9 g9 A shows two peaks about 1.0 A apart. This is the region where
based ony scan& was applied to the data set, and subsequent isotropic o large, diffuse peak previously appeared when no hydrides were in

refinement converged & = 0.042. After one cycle of anisotropic 1o model and is here interpreted as tffeH, ligand (H3-H4) (cf.
refinement, all of the hydrogen atoms, including the four unique Figure 1).

hydrides, were located on a difference electron density map. These The final refinement cycle for 7982 unique observations with

hydride posi_tions were also evident i? a diﬁerence_ FOU”eF map Fo?>30(F.%) and 449 variable parameters resulted in the residual factors
calculated with low angle data §g.x = 35°). There are five hydride of R= 0.022 andR, = 0.032. The maximum and minimum peaks in

H atoms bonded to the Re atom. The crystallographic mirror plane the final difference Fourier map were-0.75 and —0.89 e/&
which passes through the molecule reduces this set of 5 to 4 ”niquerespectively. ’ ' '

hydrides: H1, H2, H3, and H4. H1, H2, and H3 lie on the mirror
plane. H4 lies off of the mirror plane, and its symmetry-generated Regylts and Discussion

position is labeled as HAwhich is the fifth hydride atom. The four

hydrogen atoms bonded to rhenium were initially fixed at their positions ~ Spectroscopic Properties of ReB{triphos) (1, 2). The
from the difference map, but in the final stages of refinement they were complexes Rek{triphos) (L, triphos= Cyttp; 2, triphos= ttp)
refined isotropically. The other hydrogen atoms were included in the were prepared by reaction of ReEMePh)s with triphos
model as fixed contributions in their calculated positions with the fg|lowed by treatment of products ReQtiphos) with an excess
assumptions: €H = 0.98 A andBy = 1.2Bc (attached carbon ¢ NapH,” These syntheses were described in detail in our
atom). The final refinement cycle resulted in agreement indicd® of earlier papef? We now report the characterization of both

= 0.022 andR, = 0.027 based on the 3721 reflections witt > | b t . thod d 1oy X
30(F,?) and the 206 variables. One reflection was removed from the complexes Dy Spectroscopic. methods an y Aray
s diffraction techniques.

data set because of uneven backgroundsi9(1l). The maximum 3
and minimum peaks in the final difference electron density map are  SelectedH and*P{*H} NMR data forl and2 are presented

+0.52 and-0.61 e/&. Scattering factors for neutral atoms, including in Table 2. In theH NMR spectra, the five hydrogens bonded

terms for anomalous scattering, were u¥edAll full-matrix least- to rhenium are fluxional and appear as a triplet of doublets
squares refinements were basedroso that the function minimized  owing to the different coupling to the wing and the central
in least-squares EW(|Fo| — |F¢|)? with w = 1/0?(F,). phosphorus atoms. A similar spectrum was obtained for the

X-ray Data Collection and Refinement of the Structure of related complex Reifetp) (etp= PhP(CHCH,PPh),) by
[ReHa(n*H2)(Cyttp)]SbFe (3). Crystals for X-ray diffraction were  Crabtree and Lu@ In contrast, the monophosphine analogues
of 1 and 2, ReH(PRy)z (Rs = Phs,2° , MePh,% Me,PhZt

(14) TEXSAN, TEXRAY Structure Analysis Package, Version 2.1, Mo- 20 20 — -
lecular Structure Corp., College Station, TX, 1987. EtPh,?0 EtPI) and Reh(PR)(PR3)* (Rs = EtPh, R

(15) Parthasarathi, V.; Beurskens, P. T.; Slot, H. JABta Crystallogr.

1983 A39 860. (18) SDP, Structure Determination Package. B. A. Frenz and Associates,
(16) North, A. C. T.; Phillips, D. C.; Mathews, F. ®cta Crystallogr. Inc.; College Station, TX, and Enraf-Nonius, Delft, Holland, 1982.
1968 A24, 351. (19) Multan 11/82, A System of Computer Programs for the Automatic
(17) Scattering factors for the non-hydrogen atoms and anomalous disper- Solution of Crystal Structures from X-ray Diffraction Data. Hull, S.
sion terms are frominternational Tables for X-ray Crystallography E.; Lessinger, L.; Germain, G.; Declercq, J.-P.; Wolfson, M. M.
Kynoch Press: Birmingham, U.K., 1974; Vol. IV, pp 71, 148. The University of York, York, U.K., 1982.

scattering factor for the hydrogen atom is from: Stewart, R. F.; (20) Chatt, J.; Coffey, R. Sl. Chem. Soc. AL969 1963.
Davidson, E. R.; Simpson, W. T. Chem. Physl965 42, 3175. (21) Douglas, P. G.; Shaw, B. llnorg. Synth 1978 17, 64.
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by neutron diffraction methods and for RgRPh)3:2® and
[(ReHs(PMePh)3),Cul" 24 by X-ray diffraction methods. An-
other eight-coordinate complex, MafPMePh)42> shows (X-
ray diffraction) a symmetrical arrangement of A-site hydrides
and B-site phosphines.

The mean ReP bond distance of (2.380 A) falls in the
same range as that of the monophosphine analogues-ReH
(PMePh); (2.38(6) Af2and ReH(PPh)s (2.393(2) A)2 The
Re—P1 bond distance (2.374(1) A) is shorter than-+R& (or
Re—P2) (2.3828(7) A), in contrast to the corresponding values
for ReHs(PMePh)s (2.397(3) vs 2.373(6) A) and RetPPh)3
(2.403(2) vs 2.397(2) A). The-PRe—P bond angles it give
the characteristic one large/two small (151.80(45.10(2},
95.10(2)) pattern of a triangulated dodecahedral structure, as
found in ReH(PMePh)s; (146.5(2), 103.4(2), 99.0(2)and
148.0(2), 101.6(2), 100.9(2)° for two independent molecules in
the unit cell)?2ReH;(PMePh) (149.5(2), 101.9(2), 99.8(2)%¢
and ReH(PPh); (133.28(7), 108.38(7), 107.43(J%2 The
relatively small values of the PIRe—P2 and P+Re—P2
angles ofl compared to those of the monophosphine analogues
are presumably due to the constraining nature of the chelating
Cyttp ligand. In1, the Re-H bond lengths range from 1.53(4)
to 1.70(5) A (1.60 A mean). For comparison, neutron diffraction

Figure 1. Difference electron density map calculated for a pla.ne which studies showed distances of 1.688(5) A in
: 9 i 27
is parallel to the plane defined by Re, P2, and P3 and displaced from ReH(PMePh);,* 1.68(1) Ain KReHy,>" and 1.669(7) A (for

it by 1.60 A. The contours are drawn at levels of 0.05%/Bositive terminal hydrides) in Rédg(PELPh).?8 The shortest H-H
regions are contoured with solid lines, and negative regions are interatomic distance il (H4-+-H4' 1.61(7) A, cf. Supporting
represented by dashed lines. The model used for this map consists oinformation) is too long to be associated with gfH, bond.
a!l the e}toms except for H3 and H4. The positive peaks which lie on Protonation of ReHs(triphos) (1, 2) and Spectroscopic
either side of Re correspond to H3 and H4. Characterization of ResEJItgnt H)e;ahyd)rides (3,p4). Reactign
Phs) show a symmetrical quartet owing to the equivalence of of 1 and 2 with HSbFs (65% aqueous solution) in benzene
the three phosphorus atoms at room temperature on the NI\/lRproceeds cleanly to afford the respective protonatec_i co_mplexes
time scale. When the solution dfis cooled to 183 K, the [Rel—|4(172-H2)(Cyttp)]Sblj'6 (3) and [ReR(ttp)]SbFs (4) in high
doublet of 'Eri lets becomes a broad, featureless peak t(ln indicateyle-ld' The _correspondlng BF salt of 3 can be prepared_ by

P ' P using HBFR in place of HSbk. Complexes3 and 4 are air-

LZ?; tlr;felﬂgﬂggfé dbe'l'hl'i?(lé\lgferf];\llt/rlls smtledcrtlrie;l gﬁzzr;?]to\,seen stable solids that are remarkably resistant to loss of Hor
P y ' P example, they remain intact after storage at 0.1 Torr for more

a doublet for the equivalent wing phosphorus atoms and ?‘“‘p'et than 2 days at ambient temperature. This behavior stands in
for the central phosphorus atom. In the IR spectruni af contrast to that of [Reb{PRs)s]* (Rs = Phs, Me;Ph), obtained
Nujol mull, »(ReH) absorptions are observed at 1995 (w), 1900 by protonation of Rek{(PRy)s; 2429 for the latter, loss of bi
(m). 1850 (sh), and 1835 (s) cth These data are similar to occurs spontaneously at room temperature. However, the

20,21
those repo_rted for RefPRy)s. stability of 3 and4 is similar to that reported for [Rejetp)]+.7
Description of the Structure of ReHs(Cyttp) (1). The Complex3 does not react with CO, Nt-BuNC, or P(OMe)
structure ofl in the solid is presented in Figure 2, and selected \yiihin 12 h in benzene at room temperature, or withvdthin
bond distances and angles are listed in Table 3. The coordina- p ynder UV irradiation at ambient temperature. However, it
tion geometry about the rhenium center Inis that of a  ndergoes hydrogen/deuterium exchange upon treatment with
triangulated dodecahedron, and this polyhedral arrangement ISD,0 in benzeneds at ca. 25°C. It can be deprotonated t

shown in Figure 3. Two orthogonal trapezoidal planes3A22 with NaO,CH, NaG.CMe, PMe, or NE& within 30 min in
are characteristic of the idealized triangulated dodecahedron.;cetone at room temperature. Comptedoes not react with

For 1, both trapezoidal planes are truly planar and orthogonal co and is deprotonated Bwith NEt; under similar conditions.
to each other. One of these planes contains the atoms P1, H1, 14 31p{1H} NMR spectra of3 and4 (Table 2) consist of a

H2, and H3 and is coincident with a crystallographic mirror doublet for the wing phosphorus atoms and a triplet for the
plane, which also includes the Re atom and the phenyl ring. As central phosphorus atom as observed forand 2. The

a result, the second trapezoidal plane (P2, H4), 1P2) is . :
required to be exactly planar and orthogonal to the first one. correspondingH NMR spectra show a quartet pattern in the

There are two types of hydride ligand about the Re center: (23) Cotton, F. A- Luck, R. LJ. Am. Chem. S0d989 111 5757.

the four hydrides (H1, H2, H4, and H4that occupy four-  (24) Rhodes, L. F.: Huffman, J. C.; Caulton, K. &Am. Chem. S0d983
neighbor A sites and one hydride (H3) that occupies a five- 105 5137. '
neighbor B site. The three phosphorus atoms of the Cyttp ligand (25 Meakin, P.; Guggenberger, L. J.; Peet, W. G.; Muetterties, E. L.;

take up the remaining B sites as shown in Figure 3. A similar (26) ‘]T%S”Sec;n’RJ.'gJ.: ég}cﬁhe\mé‘?‘é%a F%E’O?g%'him_ Actal984 87

distribution of hydrogen and phosphorus atoms in triangulated 121.
dodecahedral structures has been found for JgeiMePh);%2 (27) SASbéahams, S. C.; Ginsberg, A. P.; Knox, Korg. Chem.1964 3,
(28) Balj, R.; Carroll, W. E.; Hart, D. W.; Teller, R. G.; Koetzle, T.F.
(22) Inequivalent triangulated dodecahedral vertices are labeled A and B Am. Chem. Sod 977, 99, 3872.
as shown, for example, in: Cotton, F. A.; Wilkinson, &dvanced (29) Moehring, G. A.; Walton, R. AJ. Chem. Soc., Dalton Tran$987,
Inorganic Chemistry5th ed.; Wiley, New York, 1988; p 16. 715.
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Table 2. SelectedH and3'P{'H} NMR Data for Complexed—12 at Ambient Temperature

H NMR 31p{1H} NMR

compound ORretf N N OcH Or OchHz Jpc Opé Opw Jpcpw
ReHy(Cyttp), 1¢ —7.66 (td) 13.7 19.4 1.80 () 24.17(d) 15.1
ReH(ttp), 29 —5.93 (td) 12.3 19.9 -853(t)  11.34(d) 15.0
[ReHa(7?-H)(Cyttp)]SbF, 3¢ —6.06 (q) 15.3 15.3 —4.81 (1) 13.29 (d) 22.1
[ReH(ttp)]ShFs, 4° —4.47 (q) 14.0 14.0 —12.23(t) —4.03(d) 21.8
ReH(SCH=S)(Cyttp),5 —2.64 (dt) 27.8 12.6 12.39(d) 4.9 456 ()  11.82(d) 14.2
ReH(SCH=NCsH4NO,-p)(Cyttp),6° —3.46 (dt) 29.4 14.6 9.09 (s) 11.62 (brs) 13.38(d) 14.1
ReH(SCH=NC(O)OEt)(Cyttp)7¢  —3.06 (dt) 29.5 13.1 1050 (d) 3.8 9.11(t)  13.14(d) 145
ReH,l(Cyttp), 8¢ —2 (br), —4.21 (dt),—10 (br) 32.9 125 12.09 (t) 8.32(d) 15.0
[ReH,(MeCN)(Cyttp)]BF, 9 —2.92 (dt),—4.85 (br) 29.6 12.5 2.08 (s) 12.19 ()  12.98(d) 13.7
[ReHy(t-BUNC)(Cyttp)|BFR, 1C¢ —5.29 (dtt}, —5.89 (q) 25.7,19.2 14.2,19.2  1.48(s) —1.27 (t) 10.56 (d) 15.8
[ReH,(CyNC)(Cyttp)]BF, 11° —5.21 (dt),—5.77 (q) 25.3,19.7 13.9,19.7 -0.82() 11.20(d) 16.2
[ReHs{ P(OMe)} (Cyttp)|BFs, 120 —5.78,—6.16,—6.57 (m} 3.81(dy —-10.15(dt)  10.57 () 16.5

a 1H chemical shifts are in ppm with respect to A8e (6 0.0). Abbreviations: s= singlet, d= doublet, t= triplet, = quartet, m= multiplet,
and br= broad.? Coupling constants are in Hz, B the central phosphorus atom anglde the wing phosphorus atoms in Cyttp and ttp ligands.
¢ 31p chemical shifts are in ppm with respect to external 8598® (6 0.0).9In CeDe. ¢In CD,Cly. f 2y = 7.5.9 3Jpy = 11.1." Overlapping
signals.

Figure 3. Arrangement of Re and eight ligand donor atomslin
emphasizing a triangulated dodecahedral structure.

atd —6.36 into two peaks; the broader, featureless component
(w12 = 100 Hz) atd ~ —6.4 may be due tg2-H,.3° On the
basis of T; measurementsT{ (min) = 27 ms at 233 K, 250
MHz), presented in some detail in our communicafion,
complex3 has been formulated as nonclassical. However, as
pointed out by Crabtree and L{fan scrutinizing corresponding
data on [Reketp)]", a minimumT; value of this magnitude
does not unequivocally rule out a classical formulation. A
nonclassical structure &is, however, supported by an X-ray
diffraction analysis of this complex in the solidide infra).
Figure 2. ORTEP drawing ofL showing the atom-numbering scheme. Unlike for 3, a limiting low-temperaturéH NMR spectrum
Non-hydrogen atoms are represented by 50% probability thermal could not be obtained fod; only a broad, featureless signal
ellipsoids. Hydrogen atoms bonded to Re are drawn with an arbitrary was observed. The minimum value of 19 ms at 203 K (250
radius; other hydrogen atoms are omitted for clarity. MHz) suggests tha4, like 3, is a nonclassical polyhydride.

The change from a classical to a nonclassical polyhydride
upon protonation ofl to 3 and, probably,2 to 4 can be

Table 3. Selected Bond Distances (A) and Angles (deg) ¥or

Bond Distances rationalized by the magnitude of met@t back-bonding into
E:E% 2'357;‘215(31()7) EZ::Z% i?gg the o* orbital of H,. As the positive charge on the metal
Re—H1 1_'62(5) Re-H4 1:53(4) increases, the extent of thisbonding decreases to fa}vor the
Bond Angl presence of am?-H, ligand rather than two hydride ligands.
ond Angles Several examples of such a behavior are found in the
CReRr EIG TR T euesss
—Re— . e— .
P1-Re—H1 71(2) HIRe—H3 141(3) Description of the S.tructure of [R.eH4(772.'H 2)(Cyttp)]SbF6
P1-Re—H2 139(2) H1-Re—H4 137(2) (3). An ORTEP drawing of the cation & is given in Figure
P1-Re—H3 148(2) H2-Re—H3 73(3) 4, and selected bond distances and angles are listed in Table 4.
E%:S(;—m 33(323) :ig:ﬂi 1%8)) The overall geometry about the Re atom is that of a distorted
P2 Ro—H2 77:5(2) HA-Re—Hd" 64(3) triangulated dodecahedron (Re is 0.08 A out of the plane defined
P2-Re—H3 92.6(4)

(30) Kubas, G. J.; Unkefer, C. J.; Swanson, B. |.; Fukushimal. Bm.
. . e ) . Chem. Soc1986 108 2547.
metal hydride region, which is indicative of fluxional behavior. (31) crabtree, R. H.; Lavin, M.; Bonnevoit, U. Am. Chem. Sod.986
When a CDCI, solution of 3 is cooled to 183 K, this signal 108, 4032.

; _ (32) Morris, R. H.; Sawyer, J. F.; Shiralian, M.; Zubkowski, J.1DAm.
separates into three broad peaks centeretl -86.31, —6.36, Chem. Soc1688 107, 5581.

and —7.39 with relative intensities 1:4:1. The corresponding (33) Conroy-Lewis, F. M.; Simpson, S.J.Chem. Soc., Chem. Commun.
spectrum at 500 MHz shows some separation of the resonance 1986 506;1987 1675.
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large/two small pattern (147.28(2), 89.90(2), 95.73(23s
expected for a triangulated dodecahedral structure. Although
the Re-H bond distances (1.45(3)L.73(4) A) display a much
wider range of values than thosehfthe mean ReH distance

in 3 (1.62 A) is similar to that irl (1.60 A). The short H3

H4 bond distance of 1.08(5)3indicates the presence of an
n?-H; ligand in the cation. The next shortest distance;-H#3
(1.61(5) A), is more consistent with a nonbonding interaction.
In an attempt to obtain a more accurate structurg, efe tried

to grow crystals suitable for a neutron diffraction study;
however, our efforts were unsuccessful.

Insertion Reactions of ReH(Cyttp) (1) with the Hetero-
cumulenes X=C=S (X =S, p-O,NC¢H4N, EtOC(O)N). The
pentahydridel reacts at room temperature with £81d RNCS
(R = p-O:NCgH4 and EtOC(0)) to afford insertion products
containing dithioformate ligand and N-substituted thioforma-
midate ligands, respectively, as shown in eqs 1 and 2. Selected
IH and3P{'H} NMR data for the reaction products are given
in Table 2.

ReH;(Cyttp) + CS, — ReH,(SCH=S)(Cyttp) (1)
1 5

Figure 4. ORTEP drawing of the cation 08 showing the atom-

numbering scheme. Non-hydrogen atoms are represented by 50%
probability thermal ellipsoids. Hydrogen atoms bonded to Re are drawn .
with an arbitrary radius; other hydrogen atoms are omitted for clarity. Rng(:l-Cyttp) + RNCS— ReH,(SCH=NR)(Cyttp) (2)

6, R=p-O,NC.H,

Table 4. Selected Bond Distances (A) and Angles (deg)Jor 7, R= EtOC(O)
Bond Distances . . .

Re—P1 2.4300(7) ReH3 1.55(4) The addition of Cgto 1 results in the formation of a yellow
Re—P2 2.4352(7) ReH4 1.45(3) solid, ReH(SCH=S)(Cyttp) 6), characterized by analytical and
52:531’ 12-:_)1;(03(;(7) I';::g ﬂagg; spectroscopic data. In théH NMR spectrum of5, the

: : dithioformate resonance appears as a doublétl&.39 with a
Re-H2 1.68(3) H3-H4 1.08(5) 4Jpn = 4.9 Hz. Protons associated with dithioformate attached

Bond Angles to metal in a monodentate or a bidentate mode resonate in the

P1-Re-P2 89.90(2) P3Re-H5 131(1) regiond 13.55-7.883¢ The high-field region of théH NMR
P1-Re-P3 95.73(2) P3Re-H6 67(1) spectrum ofs at room temperature shows hydride resonances
P2-Re-P3 147.28(2) HERe—H2 72(1) . .
P1—Re—H1 71(2) HLRe—H3 127(2) ato —2.64 as an overlapping doublet of triplets and atda.
P1—-Re—H2 143(1) HL-Re—H4 143(2) —6.0 as a broad peak owing to fluxionality. When the solution
P1-Re—H3 150(2) HERe-H5 144(2) is cooled to 183 K, two signals are observed: a triplet at
P1-Re-H4 138(1) H}-Re-H6 126(2) —3.2 and a multiplet at —8.3 with relative intensities 3:1,
P1-Re—H5 83(1 H2-Re-H3 60(2 ; ; ; ;
P1_Re_Hé 738 H2Re—H4 778 respectively. This defines the .corr.lplex as a tetrahydrlde and
P2—Re—H1 74(1) H2-Re—H5 128(2) strongly suggests that the _coordmatlon mode&ft$is through
P2—Re—H2 77(2) H2Re—H6 133(2) only one sulfur atom to satisfy the 18-electron rule. ¥§1H}
P2-Re-H3 77(2) H3-Re-H4 42(2) NMR spectrum at 183 K shows an AXplitting pattern: a
P2-Re-H4 118(2) H3-Re-H5 69(2) doublet at cad 11.5 for the two wing phosphorus atoms and a
P2-Re-H5 82(1) H3-Re—H6 103(2) triplet at ca.o 6.2 for the central phosphorus atom. The
Eg:g::? 1;‘?8)) Eig::g gg% equivalence of the wing p_hospho_rgs atoms poiljts to thg presence
P3-Re—H2 79(1) H5-Re—H6 66(2) of a plane of symmetry in the rigid structure in solution.
P3-Re—H3 110(2) Re-H3—H4 64(3) The IR spectrum 0% in Nujol mull shows medium-intensity
P3-Re—H4 78(1) Re-H4—H3 74(3) v(ReH) absorptions at 1965, 1945(sh), and 1935%mas well

as three strong-intensity absorptions at 1243, 1015, and 1005
by P1, H1, and H2) and closely resembles that ¢f. Figure (sh) cnT which may be assigned 1@syn{S;CH) andvsym(S,CH),
2), with the hydride H3 having been replaced/ByH, (H3H4). respectively. These strong bands are absent in the spectrum of
(The reader is alerted to the different atom-numbering schemes1, Their frequencies are comparable to those reportetidns
for 1 and 3 (cf. Figures 2 and 4)). This structure correctly PtH(SCH=S)[P(GH11)3]2 (1240 and 1005 cn#), which was
predicts four different hydride resonances with relative intensi- characterized by X-ray diffraction techniques and shown to

ties 1:2:2:1 in the low-temperatufél NMR spectrum of3. contain a monodentate dithioformate ligaiiél.
The mean ReP bond distance & (2.435 A) is longer than The isothiocyanates RNCS (R p-O:NCeH, and EtOC(0))
that of 1 and related rhenium pentahydrides, while the®® insert into one ReH bond of1 to afford violet and rust-colored

bond distances (1.842(3) A mean) decrease slightly in com- solids, formulated as the S-bonded N-substituted thioform-
parison to those of (1.854(3) A mean). The foregoing data
are consistent with the recent propgéalf the participation of (35) This distance may be compared with that of 1.06 A calculated for the

the o* orbitals of P-C in PR, asz-acceptors of metal electrons (ig%eﬁgtg’s”lw ion; see: Schaad, J. L.; Hicks, W. ¥..Chem. Phys.

in back-bonding. The PRe—P bond angles o8 show a one 36) (a) Harris. R. O.: Hota, N. K.: Sadavoy, L. Yuen, J. M. T.

Organomet. Cheml973 54, 259. (b) Robinson, S. D.; Sahajpal, A.

(34) (a) Orpen, A. G.; Connelly, N. Gl. Chem. Soc., Chem. Commun. J. Organomet. Chenl975 99, C65. (c) Robinson, S. D.; Sahajpal,
1985 1310. (b) Pacchioni, G.; Bagus, P.I8org. Chem.1992 31, A. Inorg. Chem1977, 16, 2718. (d) Albinati, A.; Musco, A.; Carturan,
4391. G. Inorg. Chim. Actal976 18, 219.
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chemical shift as the equivalent pair (H4 and +&l hydrogen
numbering is that given in Figure 3). TR¥{1H} NMR spectra
of 5—7 are consistent with this arrangement of ligands.

Upon close examination of the low-temperatdté NMR
spectra of6, it is evident that a second complex is present in
243K jIML__.‘ solution. This minor species (ca. 1:7.8 ratio) shows resonances

with the chemical shifts very close to those of the major
complex. Additionally, at 28 K a signal is observed &t9.32
263K SN which appears to be due to tNearylthioformamidate CH proton

of the minor species. Th&P{1H} NMR spectrum at 243 K
also clearly shows the presence of the minor product. All of
this spectroscopic behavior is reversed upon increasing the
temperature.

We think that the most plausible explanation of these results
is in terms of an equilibrium between two similar species,
probably the isomers containing the S-bonded and the N-bonded
(Re—N(R)CH=S) N-arylthioformamidate ligand. The major

223K

=
[

283K M

303K

jRESS

-2:0 -40 -60 -8:0 -100 isomer is most likely the S-bonded one, since in this structure
5. PPM the relatively bulkyp-O,NCgH4 group avoids the chelating
Figure 5. Variable-temperaturéH NMR spectra of6 in CD,Cl, in phosphine ligand. N-substituted thioformamidate ligands are
the metat-hydride region. known to bind to metal through both nitrogen and suffur.

Reactions of ReH(Cyttp) (1) with Mel and [C ;H7]BF4in

amidate (Re-SCH=NR) complexes$ and7, respectively (eq the Presence of L (L= MeCN, t-BuNC, CyNC, P(OMe)).
2). Spectroscopic data of these products show similarities to The reaction ofl with Mel gives a white solid, Ref(Cyttp)
those of5. Thus, thelH NMR spectra of6 and 7 reveal a (8) (eq 3), in high yield. SelectetH and3P{'H} NMR data
characteristic low-field signal of relative intensity 1 @&9.09
and 10.50, respectively. This signal is in the range reported ReH;(Cyttp) + Mel — ReH,I(Cyttp) )
for metal N-substituted thioformamidate compleXésThe 1 8
presence of a thioformamidate ligand is also supported by the
singlet resonances of CH &t160.63 and 163.61 in tH8C{ 1H} for 8 and a number of complexes [ReHCyttp)|BF, are
NMR spectra of6 and 7, respectively. presented in Table 2. The ambient-temperattiie NMR

The high-field?H NMR spectrum of6 at room temperature ~ Spectrum oBin the hydride region shows a multiplet@at-4.21
shows what appears to be an overlapping doublet of triplets Of relative intensity 2 and two broad signals at 6a--2 and
centered at cad —3.5. Upon cooling the solution to 283 K, —10. This spectrum differs from the ambient-temperature
two broad resonances grow in at da—2.9 and—8.9, and the  hydride-regiortH NMR spectrum of a monophosphine analogue
room-temperature pattern at ¢a—3.5 is now observed as an  Of 8, ReHjl(PPh)3,3® which shows a quartet of relative intensity
apparent triplet ab —3.46. Further cooling to 243 K yieldsa 4. When a solution o8 is cooled to 240 K, three sharp
spectrum that consists of two triplets,at-3.08 €Jpy = 26.6 resonances are obtained: two tripletsyat2.23 ¢Jpy = 27.9
Hz) and—3.58 @Jpy = 25.8 Hz), and an overlapping doublet Hz) and—4.34 ¢Jpy = 27.5 Hz), and a multiplet a —10.48
of triplets atd -8.96 @JpcH = 50.8 Hz,2Jpwn = 28.9 Hz) with with relative intensities 1:2:1, respectively. This spectrum is
relative intensities 1:2:1, respectively. These spectra are shownremarkably similar to that o6 and suggests a comparable
in Figure 5. The3P{H} NMR spectrum of6 at ambient triangulated dodecahedral structure &r The 31P{1H} NMR
temperature consists of a broad signad at1.62 of the central ~ SPectrum is consistent with this arrangement of ligands.
phosphorus atom and a doublet &t13.38 of the wing Complex1 reacts with [GH7]BF, in the presence of various
phosphorus atoms. Variable-temperattieNMR spectra of ~ ligands L to afford the tetrahydride3-12 (eq 4). In these
7 in the hydride region are similar to those@®f However, the
limiting low-temperature spectrum at 243 K shows two over- ReH(Cyttp)+[C/H/IBF, + L — [ReH,L(Cyttp)|BF, (4)

lapping triplets of different intensity centered at éa-2.8 and 1 9L = MeCN
an overlapping doublet of triplets at aa—8.6. These signals 110i LL_—t-CIZBUI\,l\lC(::
integrate for 3 and 1 hydrogens, respectively. THe{1H} 12 L =_P(())/Me)3

NMR spectra of7 show no change in the Axsplitting pattern
over the same temperature range.

The foregoing high-field!H NMR spectra of6 and 7
demonstrate that the two complexes are tetrahydrides. The
electron count at metal then indicates that the thioformamidate
ligand, like the thioformate ligand irb, is bonded in a
monodentate fashion. The presence of three kinds of inequiva-
lent hydride ligands in6 is consistent with a triangulated
dodecahedral structure of these molecules (cf. Figure 3: the
thioformamidate ligand replaces H3). The proposed distribution
of eight donor atoms in this structure places four small hydride
ligands in the more crowded, four-neighbor A sites. The same
polyhedral arrangement is probably also adopte8;however,
one of the two inequivalent hydrogens (H1 or H2) has the same (38) (a) Freni, M.: Giusto, D.; Romiti,

reactions, [GH;]" behaves as a hydride-ion abstractor to
generate a coordinatively unsaturated Re complex which
combines with L. Similar reactions of [€;]PFs and mono-
dentate ligands L with RelPPh)s; afforded a series of
complexes [Rebl(PPh)s]PFs.2° ThelH NMR spectra ob—11

at room temperature show two hydride resonances of equal
intensity (total intensity 4); this may be contrasted with the
appearance of only one signal in the spectra of the analogous
complexes [Rebl(PPh)3]PF.2° The 31P{1H} NMR spectra
give the expected AXpattern. The presence of the MeCN
ligand in9 is indicated by the signals in tiel NMR spectrum

P.; Zucca, E.Inorg. Nucl. Chem.
1969 31, 3211. (b) Allison, J. D.; Moehring, G. A.; Walton, R. A.
(37) Robinson, S. D.; Sahajpal, Mmorg. Chem.1977, 16, 2722. Chem. Soc., Dalton Tran4986 67.
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ato 2.08 and in thé3C{'H} NMR spectrum ad 126.6 (doublet,
3Jpc = 5.6 Hz, CN) and 3.95 (singlet, Me). The IR spectra of

Inorganic Chemistry, Vol. 35, No. 24, 1996173

hedral structure in the solid. The three phosphorus atoms
together with one hydrogen atom occupy the four five-neighbor

10 and 11 contain strong absorption bands at 2160 and 2170 B sites while the remaining hydrogen atoms occupy the four

cm1, respectively, which are assignedA&N) of the isonitrile
ligand.

The room-temperaturéH NMR spectrum of12 shows
hydride resonances &t —5.78, —6.16, and—6.57 with the
combined intensity of 4. The presence of P(OMs)indicated
by the appearance of a doublet signabas.81 €Jpy = 11.1
Hz). Inthe3P{1H} NMR spectrum, the resonance of P(Olle)
is observed ath 120.85 as a doublet of triplets witlpcp =
91.2 Hz ancBJpyp = 17.2 Hz. The former coupling constant
suggests a large bond anglefRe—P(OMe). The central and
the wing phosphorus atoms of Cyttp resonaté at10.15 and
10.57 as a doublet of triplets and a tripl&l;py, = 16.5 Hz),

four-neighbor A sites of this polyhedron. Compléxisplays

a rich chemistry of the hydride ligand. Thus, it undergoes
protonation by HSbgto yield [ReH,(7%-H2)(Cyttp)]SbFs (3),
which has a nonclassical hydride, triangulated dodecahedral
structure in the solid. The same structure is suggested in
solution by!H NMR measurements. Surprisinglg,is quite
unreactive: it is resistant to loss of;Hind is unaffected by
CO, t-BuNC, or P(OMej at ambient temperaturel inserts a
molecule of each of the heterocumulenes,S0,NCsH;NCS,

and EtOC(O)NCS (3C=S) to afford the tetrahydride products
ReH(SCH=X)(Cyttp) (5—7, respectively). It undergoes a
Re—H bond cleavage reaction with Mel to produce ReH

respectively. Altogether these spectroscopic data suggest aCyttp) (8) and a hydride abstraction/substitution reaction with

structure similar to that proposed for the other tetrahydride
complexes prepared herein.

It is noteworthy that the chemical shift of the central
phosphorus atom (P of the Cyttp ligand is sensitive to the
nature of L (cf. Table 2). Thusjp. of 9, with a weak ligand,
MeCN, occurs at a lower field (12.19 ppm) thag; of 10—12,
containing strong ligand$;BuNC, CyNC, and P(OMg)—1.27
to —10.15 ppm), respectively. In contrast, the chemical shift
of the wing phosphorus atoms{Pis essentially invariant to
L. This trend provides support for the proposed triangulated
dodecahedral structures in which L is “trans” tg(Pe. a large
P.—Re—L bond angle, position H3 in Figure 3). (Occupancy
of position H2 in Figure 3 by L would also result in a large
P.—Re—L bond angle. However, ligand L would be more
crowded in this position than in position H3.)

Conclusions
The pentahydride RejCyttp) (1) was shown by X-ray

[C7H7]BF4 in the presence of L to yield [ReH(Cyttp)]BF, (L

= MeCN (9), t-BuNC (10), CyNC (11), and P(OM«) (12)).

All of the tetrahydride complexeS—12 are stable, classical
polyhydrides that appear to adopt a triangulated dodecahedral
structure, with the hydrogens occupying the A sites and the other
four donor atoms the B sites, as suggestedHbyand 31P{1H}

NMR data.

Acknowledgment. We thank the National Science Founda-
tion (A.W.), The Ohio State University, and Korea Research
Foundation (Non-directed Research Fund, Y.K., 1993) for
support.

Supporting Information Available: Tables of complete informa-
tion on collection of data and refinement of structure, all atomic
coordinates with isotropic thermal parameters, anisotropic displacement
coefficients; bond distances and angles, selected hydrdgeairogen
nonbonding distances fdrand3, and selected IR data fé&-12 (15
pages). Ordering information is given on any current masthead page.

diffraction techniques to adopt a classical, triangulated dodeca-1C9602714





