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the p-O--H distance, bond angle, and 0-0 distance.I6 
In Figure 2 are shown plots of effective monomer per molecule 

versus temperature in an applied field of 10.00 kG. Data for 
complex 3 are readily Gt to a Heisenberg exchange Hamiltonian 
of the form H = -2JS,-S2 with g = 2.00 and J = -134 cm-l; 
contributions from TIP and the paramagnetic impurity were held 
fixed at 3.00 X lo4 cgsu and 0.002, respectively.I8 This value 
for J is typical for an oxo-bridged FeI1I2 complexS and is in fact 
identical to that found in N3metHr. The data for complexes 1 
and 2, however, show a dramatic change in the magnitude of the 
pairwise exchange interaction as evidenced by both the larger 
effective moments and as well larger values of C3peff/C3T at low 
temperature. The data for complex 2 can be fit reasonably well 
to the above Hamiltonian for g = 2.00 and J = -26 cm-I (impurity 
= 0.008; TIP as above). The data for complex 1, however, cannot 
be fit to a simple Heisenberg expression. It is our opinion that 
the J values for both complexes 1 and 2 are temperature de- 
pendent. This conclusion was reached on the basis of attempts 
to fit the data for complex 1 in different temperature regions. If 
only the data below 100 K are considered, a value of J = -30 cm-l 
is obtained, obviously similar to that for complex 2. However, 
the resulting theoretical curve substantially overshoots the ex- 
perimental data at higher temperatures. Conversely, a consid- 
eration of the high temperature data (Le., T 1 150 K), affords 
J = -70 cm-I, but such a value undershoots the low-temperature 
data. Similar results are found for complex 2, but since the 
variation with temperature is much less pronounced (AJ - 10 
cm-I), a presentable fit assuming a temperature-independent J 
term can be obtained. Regardless of the details of the data fitting, 
it is quite clear that the antiferromagnetic exchange interactions 
in complexes 1 and 2 are considerably weaker than that in complex 
3 J. 

We suggest that the temperature dependence of J is a result 
of the hydrogen-bonding interaction of the solvate with the pox0 
bridge. As temperature is increased, the increase in available 
thermal energy and resultant expansion of the crystal are expected 
to weaken hydrogen bonds. Weakening of the hydrogen bond to 
the oxo-bridge leads to an increase in the magnitude of the an- 
tiferromagnetic exchange interaction between the Fe"' ions as the 
bridge loses its p-0.-H character, resulting in a smaller moment 
(i.e., larger J value) at higher temperatures. The more pronounced 
effect seen for complex 1 versus complex 2 can be explained by 
considering the nature of the bridging carboxylates in the two 
compounds. The benzoate bridges of complex 1 will, in general, 
produce a lattice which is more susceptible to thermal expan- 
sion/contraction than that for the acetate complex. The lattice 
characteristics will affect the strength of the hydrogen bond, 
resulting in a larger temperature coefficient for the exchange 
parameter in the case of complex 1. These data are further 
evidence of the importance of this subtle hydrogen-bonding in- 
teraction in determining the magnetic properties of these mole- 
cules. There is one other example in the literature where exchange 
interactions propagated by hydrogen-bonding contacts have shown 
a pronounced temperature dependence.I9 
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Photosubstitution of Fe(CO)5 with PEt, in Cyclohexane: 
Fe(C0)4PEt3 and Fe(C0)3(PEt3)2 as Single-Photon 
Products 

The photochemistry of Fe(CO)s has proven to be very complex, 
and even though it was one of the first organometallic compounds 
to be studied, it is still actively in~estigated.'-~ In the gas phase, 
UV photolysis of metal carbonyls (M(CO),) leads to multiple, 
stepwise CO dissociations since the energy of a UV photon is in 
excess of two or more of the metal420 bond energies6 The 
number of C O S  lost and the distribution of M(CO), formed (x 
varies) depends on the wavelengtha6 In contrast, it is generally 
believed that W photolysis of metal carbonyls in condensed phases 
results in only one CO dissociation since further CO dissociation 
is not expected to compete with vibrational relaxation of M- 
(CO),,.68 This is supported by the photochemistry of group 
VI metal carbonyls where only monosubstitution of the metal 
carbonyl is observkd in solution!JO When disubstitution has been 
detected, it has been rationalized as the result of secondary 
photolysis (Le., photolysis of primary photoproducts, eqs 1 and 
2). This was the case in a recent study of Fe(CO)s photosub- 

stitution by (E)-cyclooctene in n-hexane, where the authors re- 
ported a quantum yield of 0.8 for monosubstitution.2" Only once 
has the quantum yield for disubstitution as a primary photoprocess 
been p ~ b l i s h e d . ~ ~ J ~  In that account, the photolysis of Fe(CO)S 

Warburg, 0.; Neglein, E. Biochem. Zeit. 1929, 204, 495. 
Angermund, H.; Bandyopadhyay, A. K.; Grevels, F.-W.; Mark, F. J .  
Am. Chem. SOC. 1989, 1 1 1 ,  4656. 
Nowood, K.; Ali, A.; Flesch, G. D.; Ng, C. Y. J. Am. Chem. Soc. 1990, 
112, 7502. 
Majima, T.; Ishii, T.; Matusumoto, Y.; Takami, M. J .  Am. Chem. Soc. 
1989, 1 1 1 ,  2417. 
See ref 6 for other leading references. 
Poliakoff, M.; Weitz, E. Acc. Chem. Res. 1987, 20, 408. 
Waller, I. M.; Hepburn, J. W. J.  Chem. Phys. 1988, 88, 6658. 
Rayner, D. M.; Ishikawa, Y.; Brown, C. E.; Hackett, P. A. J .  Chem. 
P h p .  1991, 94, 5471. 
(a) Nasielski, J.; Colas, A. Inorg. Chem. 1978, 17, 237. (b) Nasielski, 
J.; Colas, A. J. Organome?. Chem. 1975, 101, 215. 
Nayak, S. K.; Burkey, T. J. Organometallics 1991, 10, 3145. 
From a kinetic model the authors predicted the concentrations of species 
as the reaction progressed and reported a minor deviation with the 
experimental results. They suggested the formation of disubstituted 
product formed directly from Fe(CO), may account for the minor 
deviation but did not indicate a yield for disubstituted product in this 
account . 
Schroeder, M. A.; Wrighton, M. S .  J .  Am. Chem. Soc. 1976,98, 551. 
The quantum yield for disubstitution of Fe(CO)5 with P(OCH3)3 (0.43) 
was recently reported: Angermund, H.; Bandyopadhyay, A. K.; Grevels, 
F.-W.; Mark, F.; Schappert, K. Presented at the Eighth International 
Symposium on the Photochemistry and Photophysics of Coordination 
Compounds, Santa Barbara, CA, Aug 1989. The analogous value for 
(E)-cyclooctene photosubstitution was reported to be 0.07. These values 
were obtained from an abstract for the meeting. 
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Table I. Quantum Yields for Photosubstitution of Fe(CO), with 
PEt, in Cvclohexane at 25 OC' 

IO 90 0.32 0.45 
10 30 0.38 0.46 
10 10 0.38 0.42 
10 10 0.54 0.28b 
IO 1 .o 0.68 0.07b 
10 neatC 0.34 0.40 

errors are 0.03 or less. *CO-saturated solution: 
[CO] = 9 m M  at 25 OC (Wilhelm, E.; Battino, R. Chem. Rev. 1973, 
73, 1). P(n-Bu)3; C O  stretching frequencies for Fe(C0)4(n-PBu3) 
and Fe(CO)3(n-PBu3)2 were at 1929 and 1868 cm-I, respectively. 

with triphenylphosphine in isooctane led to the formation of 
Fe(C0)4(PPh3) and Fe(C0)3(PPh,)2 in a three-to-one ratio. In 
the current investigation of the photosubstitution of Fe(C0)5 with 
PEt,, we find that, although Fe(C0)4(PEt3) (1) is formed, Fe- 
(CO)3(PEt3)2 (2) is also a primary photoproduct and is formed 
in a greater yield than 1. Our results indicate that 2 is a sin- 
gle-photon product and that 2 may be formed via CO substitution 
of triplet Fe(C0)4PEt3. 

Phosphines and Fe(CO)5 were vacuum distilled in subdued light 
and stored under N2 or Ar prior to use. Cyclohexane was distilled 
after refluxing overnight with potassium. Reagents were trans- 
ferred in a glovebag under N2 or Ar. The same results were 
obtained when cannulas and syringes were used for transfers. 
Actinometric samples in a septum-sealed cuvette (Wilmad No. 
1 lOCQ) were irradiated with a high-pressure 150-W xenon lamp. 
The light was passed through a 10-cm water filter and a 337-nm 
interference filter (Corion PlOF). The beam cross section at the 
sample cuvette was about 0.5 cm2. Part of the light was focused 
on a diode that was calibrated at the beginning and end of a day 
of experiments. To ensure consistency, the diode was calibrated 
with more than one chemical actinometer (fulgide, azobenzene, 
dimethylanthra~ene/O~).~~-'~ The production of 1 and 2 was 
quantified using a Mattson Polaris or Galaxy FTIR instrument. 
The spectrometers were calibrated with authentic samples of 1 
and 2 (CO stretching frequencies used were at 1935 and 1874 
cm-I, respectively) 1 7 9 1 8  synthesized by established  procedure^.'^^^^ 
Spectra were found not to change up to 3 h after photolysis, and 
all quantum yield measurements were obtained within 3 h of 
sample photolysis. Irradiated samples were transferred to an IR 
cell (NaC1,O.l mm) for measurement. Quantum yields showed 
no dependence on light intensity ((5-15) X 1O-Io Einstein s-l) and 
did not change for 1-10% conversion of Fe(CO)5. The extinction 
coefficients of Fe(CO)S (eFc) and 1 (e l )  at 337 nm are 340 and 
300 M-I cm-I, respectively. The quantum yield results are sum- 
marized in Table I. 

The quantum yield for 2 formation significantly exceeds that 
of 1 in the absence of added CO. Since 2 is in excess of 1 even 
after 1% conversion of Fe(CO)S and Fe(CO)5 absorbs essentially 
all of the light (cFc[Fe(CO)5] >> e l [ l ] ) ,  2 must be formed in a 
single-photon process. We believe reactions with multinuclear 
species (such as Fe2(C0)9 or Fe3(CO),,) are not responsible for 
formation of 2 since we see no IR peaks, precipitation, or color 
changes associated with these species.21 Furthermore, multinu- 
clear species would require the reaction of Fe(C0)5 with Fe(C0)4 
(or some other intermediate), and hence, Fe(CO), would have 
to compete with PEt, for Fe(C0)4. If Fe(CO)s were competing 
with PEt,, the 1/2 ratio should change as the Fe(C0)5/PEt, ratio 

(14) Hel!er, H. G.; Langan, J. R. J .  Chem. Soc., Perkin Trans. 2 1981, 341. 
( 1 5 )  Adick, H .4 . ;  Schmidt, R.; Brauer, H.-D. J .  Photochem. Photobiol. A 

1988, 45, 89. 
(16) Gauglitz, G.; Hubig, S. J .  Photochem. 1981, 15, 255. 
(17) Van Rentermgem, M.; Van Der Kelen, G. P.; Claeys, E. C. J .  Mol. 

Struct. 1982, 80, 317. 
(18) Reckziegel, A.; Bigornge, M. J .  Organomet. Chem. 1965, 3, 341. 
(19) Schubert, E. H.; Sheline, R. K. Inorg. Chem. 1966, 5 ,  1071. 
(20) Albers, M .  0.; Coville, N. J. J .  Organomet. Chem. 1981, 217, 385. 
(21) Comprehensiue Organometallic Chemistry; Wilkinson, G.,  Ed.; Perga- 

mon: Oxford, England, 1982; Vol. 4, p 247. 

' A  = 337 nm; 

Scheme I 

changes, yet this is not the case, even with neat phosphine (Table 

A simple. explanation for the formation of 2 would be via 
stepwise dissociation of two CO's from Fe(CO)S to generate 
Fe(CO), followed by reaction with two phosphines. A recent 
report of the strength of the Fe(C0)3-C0 bond energy (27.9 f 
8.8 kcal/mol) indicates this mechanism is ~ n l i k e l y . ~ ~ . ~ ~  After 
dissociation of the first CO from Fe(CO)S, Fe(C0)4 will not have 
enough excess vibrational energy for the rate of CO dissociation 
to compete with the rate of vibrational relaxation in solution. 
Previous studies of metal carbonyl compounds indicate that vi- 
brational relaxation of metal carbonyls in solution occurs in about 
100 ps,25*26 while the lifetime for the second CO dissociation after 
351-nm photolysis is in the ns-ps range.8,27s28 The strength of 
the Fe(CO),-CO bond also rules out the possibility of simple CO 
dissociation from Fe(C0)4 after vibrational relaxation since the 
rate of this reaction would be too slow to be significant on the 
time scale of our experiments. Regardless of the magnitude of 
the bond strength, the formation of 2 via Fe(CO), is inconsistent 
with the dependence of the 1/2 ratio on ligand structure (vide 
infra). 

In the absence of added CO, the independence of the 1/2 ratio 
on [PEt,] indicates that the product-determining steps for the 
formation of 1 and 2 are a competition between two unimolecular 
processes. This might suggest that the steps do not involve ligand, 
yet the ratio of Fe(C0)4L/Fe(C0)3L2 changes considerably with 
ligand structure. With pyridine we observe no Fe(C0)3(CSH5N)2, 
and in agreement with a previous study, we obtained a three-to-one 
ratio of Fe(CO)$Ph,/Fe(CO),(PPh,)2 with triphenylphosphine.12 
Substitution with cyclooctene is reported to yield about a ten-to-one 
ratio of Fe(C0)4(c-C8H14)/Fe(C0)3(~-C8H14)2.13 Clearly the 
ligand effects the partitioning between products. On the time scale 
of the experiments, Fe(C0)4PEt, is thermally stable in the 
presence of free PEt,; hence, the results suggest an intermediate 
reacting with PEt, forms 1 and 2 via two competing processes.29 

A mechanism that accounts for these results is shown in Scheme 
I (ISC = intersystem crossing). It is generally believed that the 
ground state of Fe(C0)4 in solution is a triplet.6 Addition of L 
would lead initially to the formation of ,Fe(CO),L. A different 
L will result in different tripletsinglet energy differences and thus 
different intersystem crossing rates. Likewise, the rate of CO 
dissociation from 3Fe(C0)4L will be dependent on the structure 
of L. In agreement with the results, this mechanism indicates 

I).22 

For convenience, P(n-Bu), was used instead of PEt,; PEt, is pyrophoric. 
The small difference in yields for P(n-Bu), may result from calibration 
and measurement errors since the IR peaks in neat phosphine were very 
broad. 
Sunderlin, L. S.; Wang, D.; Squires, R. R. J .  Am. Chem. Soc., sub- 
mitted for publication. 
A previous assignment of an appearance energy was incorrect and led 
to the calculation of a low value for the Fe(CO),-CO bond energy.23 
For previous reports of the Fe(CO),CO bond energy, see the following: 
Engleking, P. C.; Lineberger, W. C. J .  Am. Chem. Soc. 1979,101,5569. 
Venkataraman, B. K.; Bandukwalla, G.; Zhang, Z.; Vernon, M. J .  
Chem. Phys. 1989, 90, 5510. 
Heilweil, E. J.; Cavanagh, R. R.; Stephenson, J. C. Chem. Phys. Lett. 
1987, 134, 181. 
Yu, S.-C.; Xu, X.; Lingle, R., Jr.;  Hopkins, J. B. J .  Am. Chem. SOC. 
1990, 11 2, 3668. 
Seder, T. A,; Ouderkirk, A. J.; Weitz, E. J .  Chem. Phys. 1986,85, 1977. 
We thank Dr. D. Rayner and a reviewer for clarifying this latter point. 
Note that a mechanism based on the competition between CO disso- 
ciation from Fe(CO),CO and intersystem crossing of 'Fe(CO), would 
show no product distribution dependence on the ligand structure. Al- 
ternatively, a mechanism based on the competition between CO disso- 
ciation from Fe(CO), and PEt, addition to Fe(CO), would show a PEt, 
concentration dependence. Both of these mechanisms are inconsistent 
with the experimental results. 
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the product distribution will be dependent on the structure of L 
but independent on the concentration of LU3O 

The mechanism is also consistent with the results observed when 
CO is added. Increasing CO decreases 2 and increases 1. In 
CO-saturated solutions, the total quantum yield (al + 02) does 
not decrease, within experimental error, and is the same as the 
yield previously obtained for substitution of Fe(CO), by (E)- 
cyclooctene.2 The independence of a1 + a2 on [CO] suggests that 
kl >> kco since in one experiment [CO]/[PEt,] = 9. Therefore 
PEt, adds to Fe(C0)4 faster than does CO. 

Further studies with other ligands and solvents are underway. 
We conclude that the formation of a disubstituted product is a 
single-photon process and that the relative rates of intersystem 
crossing and CO dissociation for ,Fe(CO).,L may determine the 
relative yields of mono- and disubstituted products. 
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(30) An alternative mechanism might involve Fe(CO),(solvent) in equilib- 
rium with Fe(CO), where the different reactivities of the two inter- 
mediates determine the distribution of products. This alternative seems 
unlikely since at 20 K both Fe(CO), and Fe(CO),-methane are formed 
(Poliakiff, M.; Turner, J. J. J. Chem. Soc., Dalton Tram. 1974, 2279). 
Since all the Fe(CO), is not trapped, it may be that the Fe(CO),alkane 
interaction is very weak and at room temperature the formation of 
Fe(CO),-alkane is not significant. 
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Unusual Stabilization of Trans 2,2/-Bipyridme Ligands in a 
Rhenium(V) Phenylimido Complex 

The majority of bis(2,Y-bipyridine) complexes possess cis ge- 
ometries. In those few instances where the 2,2'-bipyridine (bpy) 
ligands are trans, extraordinary steric or electronic factors result 
in abnormal kinetic or thermodynamic stability. Some notable 
examples include Pd"( bpy) *+, trans-RulI1( b ~ y ) ~ (  H20)  ( OH)2+,2 
tr~ns-Os*~(bpy)~(PPh~Me)~~+,~ t r ~ n s - O s ~ ' ( b p y ) ~ O ~ ~ + , ~  and 
tr~ns-Ru~~(bpy)~(py)~~+.~ 

During our studies of the photochemistry of complexes with 
metal-nitrogen multiple bonds: we have developed synthetic routes 
to new Re(V) imido complexes of the type [PhNRe(~helate)~X]~+ 
where the chelate contains nitrogen or phosphorus donors. For 
example, a displacement reaction can be used to prepare the new 
complex tr~ns-PhNRe(dppe)~Cl+ as depicted in eq 1 (dppe = 

trans-mer-PhNRe(PPhJzCl3 + dppe - 
tr~ns-PhNRe(dppe)~CP + 2C1- (1) 

1,2-bis(diphenylphosphino)ethane).' We also attempted to 

EtOH, A 

(1) Chieh, P. C. J. Chem. Soc., Dalton Tram. 1972, 1643. 
(2) Durham, B.; Wilson, S. R.; Hodgson, D. J.; Meyer, T. J. J .  Am. Chem. 

SOC. 1980, 102, 600. 
(3) Kober, E. M.; Caspar, J. V.; Sullivan, B. P.; Mcyer, T. J. Inorg. Chem. 

1988, 27,4587. 
(4) Dobson, J. C.; Takeuchi, K. J.; Pipes, D. W.; Geselowitz, D. A.; Meyer, 

T. J. Inorg. Chem. 1986, 25, 2357. 
(5) (a) Walsh, J. L.; Durham, B. Inorg. Chem. 1982,21, 329. (b) Krause, 

R. A.; Balhausen, C. J. Acta Chem. Scand. 1911, A31, 535. 
(6) (a) Neyhart, G. A.; Seward, K. J.; Boaz, J.; Sullivan, B. P. Inorg. Chem. 

1991, 30, 4486. (b) Neyhart, G. A.; Bakir, M. A,; Boaz, J.; Sullivan, 
B. P. Coord. Chem. Rev. 1991, 111, 27. 
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prepare complexes containing two bipyridine ligands, with the 
expectation that they would adopt structures similar to that of 
the isoelectronic nitride cis-NTc(bpy)2Br+.8 The synthesis was 
designed to follow the two-step procedure shown in eqs 2 and 3. 

mer-ORe(bpy)Cl, + PhNH2 - xylene, A 

mer-PhNRe(bpy)Cl, + H 2 0  (2) 
EtOH, A 

mer-PhNRe(bpy)Cl, + bpy - 
cis-PhNRe(bpy),CP + 2C1- (3) 

Unexpectedly, the product was not cis-PhNRe(bpy),C12+, as shown 
in eq 3, but tr~ns-PhNRe(bpy),(OEt)~+, where an ethoxide group 
had replaced chloride in the coordination sphere. The PF,- salt 
was characterized by 'H NMR and UV-visible spectroscopies, 
cyclic voltammetry, elemental analysis, and a structure deter- 
mination by X-ray diffra~tion.~ 

The crystal structure of trans-PhNRe(bpy)Z(OEt)2+ shown in 
Figure 1 reveals a pseudooctahedral coordination sphere about 
Re with the bpy ligands distorted in a 'concerted-canted" fashion 
so as to minimize steric interactions between the 6 and 6' protons 
on adjacent bpy ligands. The main distortions from ideal octa- 
hedral symmetry are due to the rather small bite angles of the 
bpy ligands (75.3 (2) and 74.9 (2)') and to the asymmetric apical 
ligands. A closer look at the bond parameters shows the Re-N- 
(bpy) lengths vary between 2.134 (6) and 2.163 (6) A. These 
are notably shorter than the 2.210- and 2.203-A Re-N(bpy) bond 
lengths found in the d2 dioxo complex cis-RevO2(bpy)(py),+.Io 
The (Ph)N-Re-O(Et) angle is nearly, but not quite, linear (174.8 
(3)O). Probably the most striking features are Re-N(Ph) and 
Re-O(Et) bond lengths of 1.740 (6) and 1.895 (5) A, which are 
in the range of multiple bonds for both interactions. This is aptly 
illustrated by a R e N  distance of 1.726 (6) A in mer-trans- 

~ 

(7) Preparation of trans-[Re(NPh)(Cl)(dppe)J(PF,),: A mixture of 
ReNPhC13(PPh3)2 (0.2 g, 0.22 mmol), dppe (0.35 g, 0.88 mmol), and 
EtOH (200 mL) was refluxed for 2 days. The resulting reaction mixture 
was allowed to cool to room temperature and filtered. The yellow 
filtrate was evaporated to dryness. The resulting brown residue was 
dissolved in CH3CN, and the solution was loaded into a neutral alumina 
column. The column was washed with CH,CI, and CH3CN, and finally 
a brown fraction was eluted with ethanol. The ethanol solution was 
reduced in volume, NH4PF6 (0.3 g, 1.8 mmol) was added, and the 
mixture was stirred at room temperature for 1 h. A brown solid was 
filtered off, washed with ethanol, hexanes, and diethyl ether, and dried. 
Yield: 0.15 g (48%). Anal. Calcd for CS8HS3CIF,,NP,: C, 49.78; H, 
3.80; CI, 2.54; N, 1.00. Found: C, 50.37; H, 3.72; CI, 2.18; N, 0.77. 
UV-visible spectrum (CH3CN; A, nm (e): 540 (160), 476 (2584), 339 
(12488), 254 (50330), 236 (64516). "P NMR spectrum (CD3CN): 
a singlet at 6 = +11.65 ppm due to the diphosphine and a septet at 6 
= -1 42 ppm due to the hexafluorophosphate anion. 

(8) Archer, C. M.; Dilworth, J. R.; Kelly, J. D.; McPartlin, M. J. Chem. 
SOC., Chem. Commun. 1989, 375. 

(9) Preparation of trans-[Re(NPh)(OEt)(bpy)2](PF6)2: A mixture of 
ReNPhCl,(bpy) (0.2 g, 0.37 mmol), bpy (0.23 g, 1.48 mmol), and 
EtOH (200 mL) was refluxed for 4 days. The resulting reaction mixture 
was filtered. The brown filtrate was evaporated to dryness. The brown 
residue was dissolved in CH3CN, and the solution was loaded into a 
neutral alumina column. The column was washed with CH2C12 and 
CH3CN, and finally a brown fraction was eluted with ethanol. The 
ethanol solution was reduced in volume, NH,PF, (0.3 g, 1.80 mmol) 
was added, and the mixture was stirred at room temperature for 1 h. 
A brown solid was filtered off, washed with ethanol, hexanes, and diethyl 
ether, and dried. Yield: 0.15 g (44%). Anal. Calcd for 
C28H26Fl,N50P2Re: C, 36.37; H, 2.74; N, 7.57. Found: C, 36.42; H, 
2.74; N, 7.53. UV-visible spectrum (CH3CN; A, nm (e): 525 (424), 
421 (3467, sh), 364 (9535, sh), 316 (23 114). 221 (43 339). 'H NMR 
spectrum (CD3CN): 6 9.25 (d, bpy, 2 H), 8.70 (t, bpy, 2 H), 8.50 (t, 
bpy, 2 H), 7.95 (t, bpy, 2 H), 7.32 (t, Ph, 1 H), 7.18 (t, Ph, 2 H), 6.95 
(t, Ph, 2 H), 3.25 (q, OEt, 2 H), 0.35 (t, OEt, 3 H). Crystal data for 
tram-[PhNRe(bpy)2(OEt)](PF6), (Cz8H26F12NSOP2Re): M, = 924.7, 
monoclinic, space group P 2 , / n ,  with a = 11.032 (3) A, b = 8.848 (2) 
A, c = 34.642 (6) A, @ = 98.32 (2)O, V =  3208.6 (13) A3, F(OO0) = 
1800, Z = 4, and D, = 1.914 mg/m3. Final R = 0.0332 and R ,  = 
0.0367 from 3704 observed reflections. The data were collected with 
a Siemens R3m/v diffractometer employing Mo Ka radiation and using 
w scans. The structure was solved via Patterson methods and refined 
bv least-sauares technioues. 

(IO) gackbouin, R. L.; Jonds, L. M.; Ram, M. S.; Sabat, M.; Hupp, J. T. 
Inorg. Chem. 1990, 29, 1791. 
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