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At present, the pentaa”ineosmium(I1) moiety is unparalleled 
in its ability to form $-coordinated complexes with unsaturated 
organic ligands such as aldehydes, ketones,l are” and aromatic 
heterocy~les.~ For aromatialigands in particular, thesecomplexes 
have proven to be valuable synthons for organic systems.‘ The 
combination of an electron-rich heavy metal and an octahedral 
ligand environment lacking strong a-acids provides a system 
showing properties common to both classical coordination and 
organometallic chemistry. It is our expectation that isoelectronic 
Re(1) in a suitable octahedral amine ligand environment may 
show properties similar to those of the pentaammineosmium 
system. 

Re(1) chemistry is currently dominated by compounds which 
contain organic a-acids such as CO and CNR, ligands that greatly 
stabilize the low oxidation state of the metal through back-bonding 
interactions. Our synthetic approach to Re(1)-amine systems 
relies on the observation made by Chatt and Dilworth that 
benzoylhydrazide was an effective agent for the conversion of 
Re(V)-oxo species to dinitrogen species of the form Re1(L)4- 
(N2)Cl in the presence ofvarious phosphines (L).s Our hope was 
that a one-electron oxidation of an analogous amine complex 
would displace the dinitrogen and yield a synthon for the 
preparation of Re(1)-tetraamines with one open coordination site 
similar to Os(NHo)s(OTf)3 (which is prepared from oxidation of 
[ O S ( N H ~ ) S ( N ~ ) I C ~ ~ ) . ~  

The compound Re(=NN=C(Ph)O-)(PPh3)2C12, readily 
prepared from Re(0)C13(PPh3)2,s undergoes a two-electron 
reduction of the metal when refluxed in toluene along with LL 
= 4,4’-di-tert-butyl-2,2’-bipyridine (tbpy; la) or 2,2’-bipyridine 
(bpy; Ib) to form the compounds ReC12(-N=NC(O)Ph)(LL)- 
(PPh3).’ Like their phosphine analogs$ these rhenium(II1) 
complexes exhibit diamagnetic NMR spectra and characteristic 
VN-N bands ranging from 1470 to 1570 cm-I. When the complex 
ReC12(N=NC(O)Ph)(tbpy)(PPh3) (la) is refluxed in benzene 
along withMeOHandampy(Figure l),reduction toRe(1)occurs 
with elimination of methyl benzoate, and [Re(N~)(ampy)(tbpy)- 
~~ 
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O) (PPhMh (1.05 g, 1.26 mmol) and tbpy (0.371 g, 1.38 mmol) were 
suspended in toluene (40 mL); the mixture was refluxed for 7.5 h. IH 

7.52 (t, lH), 7.38 (m, 9H), 7.18 (m, 9H), 6.92 (d, lH), 1.39 (s, 9H), 
1.37 (s, 9H). CV (DMA/TBAH; 100 mV/s): EM = 0.68 V, EPC = 
-1.32 V, E = -1.53 V vs NHE. IR (KBr): VNN =1475 cm-1. Anal 
(ReC,3HMg,C12OP) C, H, N. 

NMR(CDCl3): 89.47(d,lH),8.67(d,lH),8.1O(d,2H),7.85(d,2H), 
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Figure 1. Reaction scheme for the synthesis of [Re(OTf)(ampy)(tbpy)- 
PPh,]OTf (4). 

PPh~lCl(2) is obtained in 71% yield.* Derivatives of 2 such as 
[ Re(N2) (ampy)zPPh3] C1 and [ Re(N2)( tbpy)(en)PPhs] C1 may 
be obtained by a similar reaction sequence9 The dinitrogen stretch 
for 2 occurs at 1940 cm-l, which is considerably lower in energy 
than that for the osmium(I1) analog [Os(NH,)s(N2)]2+ (2009, 
2022 cm-’),’O and this observation suggests that the rhenium(1) 
metal center is highly electron-rich. An ORTEP diagram of 2 
(Figure 2)” shows that the ampy ligand, the phosphorus, and a 
nitrogen from tbpy lie in a common plane, perpendicular to the 
Re-Nz bond. The N-N bond length is 1.13( 1) A, approximately 
equal to that for [OS(NH~)S(N~)]CIZ (1.12(2) A).12 After anion 
exchange of 2 with TlOTf (DME) to generate 3,” oxidation of 
the rhenium with AgOTf results in loss of the dinitrogen, affording 
the Re( 11) precursor [Re( OTf) (ampy) (tbpy)PPh3] OTf (4). l4 

Reduction of 4 in 1,2-dimethoxyethane (DME) by MgO in the 

(8) Synthesis of [ReN~(ampy)(tbpy)PPhJCl (2): Compound Ir (1.37 g, 
1.49 mmol) was suspended in C& (15 mL) and CH3OH (15 mL). 
Ampy (2 mL) was added, and the reaction mixture was refluxed 4 h. 
Yield: 71%. X-rayqualitycrystals wereobtained from CHzC12/hexanes. 
1HNMR(CD2C12): 89.46(d,lH),8.68(d,lH),8.33(brm,lH),7.81 
(d, lH), 7.70 (d, lH), 7.51 (m, lH), 7.42 (d, lH), 7.22 (m, lOH), 7.02 
(m,7H),6.85 (dd, lH),6.8O(m,2H),S.l2(dd, lH),4.24(m, 1H),4.10 
(m, lH), 1.41 (8, 9H), 1.23 (s, 9H). IR (KBr): w2 91940 cm-I. CV 
(DMA/TBAH; 100 mV/s): El 2 = 4.02  V, EI,2 = -1.61 V vs NHE. 
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M = 1016.53. triclinic, space roup P1 (No. 2); a = 14.582(4) A, b 
= 15.573(4) A, c - 10.656(3) !, a - 96.73(2)’, f l -  109.57(2)O, y = 
81.12(2)”, V =  2247(2) A’, 2 = 2, d d  = 1.50 g cm-3. The structure 
was solved by direct methods using TEXSAN 5.0. Full-matrix least- 
squares refinement gave R(F) = 0.046 and RJF) = 0.056 for 4600 
absorption-corrected reflections with I > 3 4 )  measured up to 28 = 46O 
on a Rigaku AFC6S diffractometer at -120 OC (Mo Ka radiation, A 
= 0.710 69 A). The CHzC12 solvent molecule was found disordered 
between two orientations with the population parameters 0.6 and 0.4, 

Anal (Re42hN6PCl) C, H, fi. 
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(13) ii%2(ampy)(tbpy)PPh~]OTf (3): yield 90%. CV (DMA/TBAH; 100 
mV/s): El12 = 0.00 V, EL/2 = -1.63 V vs NHE. 
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Figure 2. ORTEP drawing for the cation [ReNz(ampy)(tbpy)PPhj]+ 
(2). Selected bond distances (A) and angles (deg) are as follows: Re-Nl 
= 1.906(9), Re-N3 = 2.157(8), R e N 4  = 2.193(7), Re-N5 = 2.067(7), 
R b N 6  = 2.106(7), Nl-N2 = 1.13(1); Re-N1-N2 174.2(2), N1- 
Re-N6= 17OS4(3),N4-ReN5= 166.2(3);N3-ReN4=76.1(3);N3- 
Re-N5 = 92.1(3). 

presence of a variety of ligands results in a new series of Re- 
(1)-amine complexes of the form [Re(ampy)(tbpy)(PPhs)(L)]+ 
where L = Nz, ethene, benzaldehyde, tert-butyl isocyanide, or 
CO.I5 The most notable of these is the benzaldehyde complex, 
5 (Figure 3), similar in nature to the more conventional 
organometallic system { R ~ C P ( N O ) P P ~ ~ J , ~ ~  prepared by Gladysz 
et al. The aldehyde proton resonance of 5 occurs at 5.98 ppm 
(indicative of V2-coordination) and is split into a doublet by the 
phosphorus (JHP = 9.2 Hz)." 13C{IHJ NMR and HETCOR 
data allow the assignment of the aldehyde carbon at 85.81 ppm 
(d, JCP = 1.7 Hz), a value similar to that reported by Gladysz,'* 
and suggest that 5 is formed as a single diastereomer (de > 97%). 
Judging from modeling studies, the two possible diastereomers 
resulting from +aldehyde coordination each have only one 
energetically reasonable conformer, provided that theampy, bpy, 
and phosphine ligands remain in the same orientation as that for 
2.19 Strong NOE interactions between the ortho-PPh3 hydrogens 
(6.98 ppm) and the aldehyde proton (5.98 ppm) as well as between 
_____ 

(14) Synthesisof [Re(OTf)(ampy)(tbpy)PPhj]OTf(4): 3(2.93g, 2.92 mmol) 
was suspended in DME (40 mL), and AgOTf (0.75 g. 2.9 mmol) was 
added. The reaction mixture was stirred for 3 hand then filtered through 
Celite; the filtrate was reduced to 10 mL and added dropwise to Et20/ 
hexanes (1:1,50 mL). The resultingsolid was filtered off, washed (EtzO), 
and dried, yield 2.92 g, 89%. CV (DMA/TBAH; 100 mV/s): Epc = 
0.73 V, Ep,c = 4 . 9 7  V vs NHE. Anal (ReCdhN&.O6&%) H, N; C: 
calcd, 47.05; found, 46.64. 

(15) Synthesis of [Re(PhC(O)H)(ampy)(tbpy)PPh3]OTf (5): 4 (0.1 11 g, 
0.099 mmol) was dissolved in DME (2 mL). Benzaldehyde (0.262 g, 
2.47 mmol) and activated magnesium (0.21 g) were added; the reaction 
mixturewasstirredfor 1.5 hand then filtered throughCelite.Thefiltrate 
was added dropwise to EtzO/hexanes (1:4,75 mL). The precipitate was 
isolated by filtration, washed (hexanes), and dried; yield 0.098 g, 92%. 
Selected resonances are as follows. IH NMR (CD2CIz): 6 6.27 (m, lH, 
NHz), 5.98 (d, JHP = 9.2 Hz, CHO, IH), 3.95 (m, IH, NHd, 3.74 (m, 
lH, CHz), 3.21 (dd, lH, CHI). ')C('H) NMR (CDzCIz): 6 85.81 (d, 
Jcp = 9.2 Hz, CHO), 51.26 (CH2), 31.18 (tert-butyl), 31.09 (rerr- 
butyl). CV (DMA/TBAH; 100 mV/s): E = 0.50 V, El - -0.07 V, 
E l / z  = -1.57 V vs NHE. Anal (ReCNH55@4F304PS) H, 6;C: calcd, 
55.48: fnund. 56.M). - - . . . . - - - ..-, - -. - -. 
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at -167 ppm. See ref 16. 

L 
Figure 3. Proposed structure of [Re( PhC( 0)H) (ampy )( tbpy)PPh3] + (5). 

an ampy amine proton (6.27 ppm) and the phenyl ring of 
benzaldehyde are most consistent with the diastereomer shown 
in Figure 3. 

Remarkably, the cyclic voltammogram of the benzaldehyde 
complex 5 shows a reversible (II/I) potential with E l p  = -0.07 
Vat 100mV/s (NHEDMA/TBAH). Given thelargedifference 
expected in reduction potential for an T+- and +bound aldehyde,' 
this observation suggests that the $-aldehyde dication is also 
moderately stable. Notably, the II/I oxidation potential for 5 
is considerably negative of the III/II couple of similar pentaam- 
mineosmium species (-0.5 V),' and the greater reducing nature 
of the rhenium may be responsible for the increased kinetic 
stability of the d5 system. That the [Re(ampy)(tbpy)(PPh3)]+ 
system is highly electron-rich is also supported by theobservation 
that the compound [Re(ampy)(tbpy)(PPh3)(CO)]+ has a vco of 
1799 cm-I. This absorption is of considerably lower energy than 
that for [ReCpNo(PPh3)CO]+ (2001 cm-1),20 or the pentaam- 
mineosmium(I1) analog (1894 cm-'),21 and is similar to that for 
the neutral species ReCl(diphos)CO (1820 cm-1).z2 

Reduction of 4 in the presence of acetone, furan, benzene, 
naphthalene, or N-methylpyrrole fails to produce detectable 
amounts of any material bearing these ligands. Possibly, the 
hindered environment about the labile coordination site prevents 
stable binding in these cases; however, preliminary evidence 
suggests that the ampy ligand in this system may be unstable 
with respect to 0-hydride elimination. Despite the limitations of 
this ligand set, the synthetic approach to Re(1)-amine precursors, 
explicitly outlined for 4, appears to be highly versatile, allowing 
independent selection both of bidentate amine ligands and possibly 
of the phosphine. This approach should allow for the convenient 
adjustment of both steric and electronic factors in [ReILs] 
systems-systems which may eventually surpass osmium( 11) in 
their ability to dearomatize organic substrates.4 
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