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The reactions of (n-Bu,N),Re,X;3 (X = Cl, Br) with the bidentate phosphine ligand 1,2-bis(diphenylphosphino)benzene (dppbe)
in hot methanol afford the mononuclear rhenium(III) complexes zrans-[ReCly(dppbe),]Cl-4H,0 and trans-[ReBr,(dppbe),]Br.
When similar reactions are carried out in hot nitrile solvents RCN (R = Me, Et for X = Cl; R = Me, Et, /-Pr for X = Br) that
contain a few drops of concentrated HX, the mononuclear (alkylimido)rhenium(V) complexes Re(NCH;R)X,(dppbe) are usually
formed. The only exception is the reaction between (n-BuN),Re,Cl; and dppbe in acetonitrile, which affords trans-ReCl,(dppbe),.
The structure of this complex was established by X-ray crystallography. It crystallizes in the monoclinic space group P2,/n with
a=10856 (1) A, b=12.664 (1) A, c=18.169 (2) A, 8 =91.09 (1)°, V= 2497.6 (7) A% and Z = 2. The structure was refined
to R = 0.029 (R, = 0.035) for 2450 data with / > 3.00(/). The formation of the (alkylimido)rhenium(V) complex Re-
(NCH,Et)Cl;(dppbe) also occurs upon reacting the preformed dirhenium(II) complex a-Re,Cl,(dppbe), with propionitrile and
concentrated HCI. This result suggests that the latter complex, which is prepared by reacting Re,Cl,(P-n-Pr;), with dppbe in
benzene or toluene, is a likely intermediate in the conversion of (n-Bu,N),Re,Cls to Re(NCH,Et)Cly(dppbe). It is likely that
a-Re,Cl,(dppbe), undergoes intramolecular disproportionation followed by cleavage of the Re-Re bond to give mononuclear Re(I)
and Re(IIT) species and that the former species provides the four electrons necessary for the reduction of the nitrile ligand. The
characterization of the alkylimido complexes has included measurement of their 'H and *'P {'H} NMR spectra and their elec-
trochemical properties (using the cyclic voltammetric technique). X-ray crystallographic studies on Re(NCH,Et)X,(dppbe) (X
= Cl, Br) have shown that the complexes contain similar pseudooctahedral structures with an axial n-propylimido ligand trans
to a Re-X bond and a chelating dppbe ligand and a pair of cis Re~X bonds occupying the equatorial plane. Crystal data for
Re(NCH,Et)Cly(dppbe) at 20 £ 1 °C are as follows: monoclinic space group P2,/m, a = 10.877 (3) A, b = 16.881 (2) A, ¢
=11.199 (4) A, 8 = 115.24 (1)°, V = 1860 (2) A%, and Z = 2. The structure was refined to R = 0.032 (R, = 0.043) for 2300
data with 1 > 3.00(/). Crystal data for Re(NCH,Et)Br,(dppbe) at 22 £ 1 °C are as follows: monoclinic space group P2,/c,
a=16.677(2) A, b=10.852(2) A, c=18.382(4) A, 8 =95.81 (1)°, ¥ = 3310 (2) A% and Z = 4. The structure was refined
to R = 0.055 (R, = 0.079) for 3135 data with 7 > 3.0a(7). The linearity of the Re~N—C unit (175.4 (5) and 178.7 (8)° for X
= Cl and Br, respectively) and the shortness of the Re~N bond (1.699 (5) and 1.719 (8) A for X = Cl and Br, respectively) are
consistent with a description of the (alkylimido)rhenium unit as ReEN—CH,R. For both complexes, refinement of the alkyl chain

was complicated by a disorder of this CH,CH,CHj, fragment about the trans axial X-Re-N-C unit.

Introduction

As part of our studies dealing with the synthetic and structural
chemistry of the a- and S-isomers of the type M,X,(LL), (M =
Mo, Re; X = Cl, Br; LL = bidentate phosphine ligand), in which
the ligands LL either chelate the individual metal atoms (a-iso-
mers) or bridge the dimetal unit (8-isomers),? we have examined
the reactivities of saits of the [Mo,Xg]+ anions (X = Cl, Br) with
the ligand 1,2-bis(diphenylphosphino)benzene (abbreviated
dppbe).? Whereas mild reaction conditions (room temperature,
methanol as solvent) afford a-Mo,X,(dppbe),, more forcing re-
action conditions (refluxing 1-propanol) give mononuclear
trans-MoX,(dppbe), in good yield.> An examination of the re-
actions between (n-BuyN),Re,X; (X = Cl, Br) and dppbe in
alcohol and nitrile solvents has likewise revealed a propensity for
metal-metal bond cleavage to occur. Although the species
trans-[ReX,(dppbe),]* are formed when alcohol solvents are used,
we find that when these reactions are carried out in organic nitriles
(RCN), the alkylimido species Re(NCH,R)X;(dppbe) are major
products. These latter species are formed by novel redox reactions.
The details of this chemistry are now reported, including the
structure determinations of trans-ReCl,(dppbe), and Re(N-n-
Pr)X;(dppbe) (X = Cl, Br). A few of these results have been
the subject of a preliminary report.*

Experimental Section

Starting Materials, The following compounds were prepared by
standard procedures: (n-Bu,N),Re;X; (X = Cl or Br)*$ and Re,Cl,(P-
n-Pry),." The ligand 1,2-bis(diphenylphosphino)benzene was purchased
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from Strem Chemical Co. and used as received. The organic nitriles and
all other solvents were purchased from commercial sources and thor-
oughly deoxygenated prior to use.

Reaction Procedures. All reactions were performed under a nitrogen
atmosphere by using standard vacuum-line techniques.

A. Synthesis of a-Re,Cl,(dppbe),. A mixture of Re,Cl(P-n-Pr;),
(0.20 g, 0.17 mmol), dppbe (0.30 g, 0.67 mmol), and benzene (10 mL)
was refluxed for 24 h. The resulting reaction mixture was allowed to cool
to room temperature. The green solid was filtered off, washed with
benzene, hexanes, and diethyl ether, and dried; yield 0.08 g (33%). Anal.
Calcd for C“‘5H51.5C14P4RCZ (i.e. R61C14(dppbc)z'0.75C6H6): C, 52.85;
H, 3.61; Cl, 9.67. Found: C, 52.79; H, 4.01; CI, 9.65.

As an alternative procedure, toluene was used as the reaction solvent
in place of benzene and the reaction time was increased to 2 days. The
green solid was filtered off, washed with toluene and ethanol, and dried;
yield 53%. Anal. Caled for CgsHs;ClP4Re, (i.e., Re,Cli(dppbe),
0.5CsHg): C, 52.48; H, 3.61. Found: C, 52.64; H, 3.90. The presence
of half a molecule of toluene of crystallization was confirmed by 'H
NMR spectroscopy (in CD,Cl,).

B. Reactions of (#-Bu,N),Re;,X; (X = Cl, Br) with 1,2-Bis(di-
phenylphosphino)benzene in Alcohol Solvents. (i) trans-[ReCl,-
(dppbe),}C1-4H,0. A mixture of (n-Bu,N),Re,Clg (0.10 g, 0.09 mmol),
dppbe (0.17 g, 0.38 mmol), and methanol (10 mL) was refluxed for 3
days. The resulting reaction mixture was cooled to room temperature,
and the yellow filtrate was evaporated to dryness. The yellow residue was
recrystallized from dichloromethane/diethyl ether to afford yellow
crystals of trans-[ReCl,(dppbe),]C1-4H;0, yield 0.08 g (38%). Anal.
Caled for CHgCl;O0P(Re: C, 57.31; H, 4.49. Found: C, 57.35; H,
4,02. The hydrate is formed because of the presence of adventitious
water in the solvent. The IR spectrum (Nujol mull) of this product
showed »(OH) at 3310 and 3665 cm™. Similar procedures with ethanol
or 1-propanol as reaction solvents (reaction times of 3 days and 1 h,
respectively) gave an identical product in yields of 29% and 24%, re-
spectively.

(ii) trans-[ReBr,(dppbe),]Br. A mixture of (n-Bu,N);Re,Brg (0.20
g, 0.13 mmol), dppbe (0.24 g, 0.54 mmol), methanol (10 mL), and 10
drops of aqueous HBr (48%) was refluxed for 4 days. The resulting

(7) Ebner, J. R.; Walton, R. A. Jnorg. Chem. 1975, 14, 1987.
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reaction mixture was cooled to room temperature and filtered. The
filtrate was evaporated to dryness and the residue recrystallized from
CH,Cl,/diethyl ether. The orange product that resulted was filtered off,
washed with H,0, hexanes, and diethyl ether, and dried; yield 0.07 g
(40%). Anal. Calcd for CoHygBriPsRe: C, 54.62; H, 3.67. Found: C,
54.13; H, 3.76.

The use of methanol (in the absence of 48% HBr) or ethanol as
reaction solvents gave the same product in isolated yields of 28% and
48%, respectively.

C. Reactions of (n-Bu,N),Re,X; (X = Cl, Br) with 1,2-Bis(di-
phenyiphosphino)benzene in Nitrile Solvents. (i) trans-ReCl,(dppbe),. A
mixture of (n-BuyN),Re,Clg (0.06 g, 0.05 mmol), dppbe (0.10 g, 0.22
mmol), and acetonitrile (10 mL) was refluxed in the presence of a pine
boiling stick for 12 h. The resulting reaction mixture was cooled to room
temperature. A red-orange crystalline product was filtered off, washed
with acetonitrile, hexanes, and diethyl ether, and dried; yield 0.05 g
(51%). Anal. Caled for CyHClPsRe: C, 62.66; H, 4.40. Found: C,
62.60; H, 4.40.

Even when this reaction was carried out in the presence of a small
amount of concentrated aqueous HCI, the rhenium(V)-imido complex
Re(NCH,CH,)Cl;(dppbe) was not formed. This reaction course con-
trasts with that of the analogous bromide (see procedure C(iii)).

The complex trans-ReCl,(dppbe), was found to react with CCl, to
form yellow trans-[ReCl,(dppbe),]JCl. A mixture of these red-orange
crystals (0.05 g, 0.04 mmol), CCl, (10 mL), and dichloromethane (5 mL)
was refluxed for 2 days and then allowed to cool to room temperature.
The yellow solution was reduced in volume, and diethyl ether was added
to precipitate a yellow product. This was filtered off, washed with hex-
anes and diethyl ether, and dried; yield 0.05 g (97%). The product was
identified as [ReCl,(dppbe),]Cl on the basis of its electrochemical
properties and IR spectrum.

(ii) Re(NCH,CH,CH,)Cl;(dppbe)-CH,Cl,, A mixture of (n-
Bu,N),Re,Clg (0.100 g, 0.088 mmol), dppbe (0.137 g, 0.308 mmol), and
aqueous HCI (2 drops, 12 N) was refluxed in propionitrile (10 mL) for
20 h. The reaction mixture was cooled to room temperature and filtered.
The filtrate was evaporated to dryness, and the residue was extracted with
dichloromethane (25 mL). The resulting solution was layered with di-
ethyl ether (40 mL) and stored in the freezer. After 1 week purple
crystals had formed. The crystals were filtered off, washed with diethyl
ether (10 mL), and dried in vacuo; yield 0.008 g (11%). Anal. Calcd
for C434HyyCIsNPyRe: C, 46.35; H, 3.77. Found: 46.73; H, 3.96. 'H
NMR spectral measurements (in CDCl;) confirmed the presence of 1
equiv of dichloromethane. Further identification of this complex was
based on a single-crystal X-ray structure analysis on a batch of crystals
grown from chloroform (vide infra).

When concentrated aqueous HCl was not added to the reaction mix-
ture, the product was orange crystalline trans-ReCl,(dppbe),, yield 50%
(see procedure C(i)).

(iii) Re(NCH,CH,)Br,(dppbe)-0.SCHCl,. A mixture of (n-
Bu,N);Re,Br; (0.103 g, 0.069 mmol), dppbe (0.122 g, 0.273 mmol), and
2 drops of aqueous HBr (48%) in acetonitrile (10 mL) was refluxed for
20 h. After the reaction mixture was allowed to cool to room tempera-
ture, a dark green solid was collected by filtration. This green solid was
then dissolved in chloroform (25 mL) and layered with ethanol (90 mL),
and the solution was placed in the freezer for 5 days. The purple crystals
that formed were filtered off, washed with ethanol (ca. 10 mL), and dried
in vacuo; yield 0.021 g (17%). Anal. Caled for CsyH,gsBriCly NP;Re:
C, 40.03; H, 3.05. Found: C, 40.48; H, 3.12.

(iv) Re(NCH,CH,CH,)Br,(dppbe). This complex was prepared from
the reaction between (n-Bu,N),Re,Brg, dppbe, and propionitrile (acidi-
fied with 48% HBr), with the use of a procedure analogous to that in
section C(ii); yield 34%. The identity of this product was established by
X-ray crystallography (vide infra).

(v) Re(NCH,CH(CH,),)Br;(dppbe). This complex was prepared with
the use of a procedure analogous to that in section C(iii); yield 37%.
Anal. Calcd for CyH;33BrsNP,Re:  C, 43.28; H, 3.53. Found: C, 42.74;
H, 3.72.

D. Reactions of a-Re,Cly(dppbe),. (i) Propionitrile. A mixture of
a-Re,Cl (dppbe), (0.037 g, 0.026 mmol) and 2 drops of aqueous HCI
(12 N) was refluxed in propionitrile (8 mL) for 24 h. The mixture was
cooled to room temperature and filtered. The filtrate was evaporated to
dryness and the residue extracted into dichloromethane (20 mL). The
purple complex Re(NCH,CH,CH;)Cl;(dppbe) was precipitated by the
addition of ethanol (40 mL). The complex was recrystallized from
dichloromethane/ethanol; yield 0.0125 g (30%). The spectroscopic and
electrochemical properties of this complex were identical with the prop-
erties of the sample prepared in procedure C(ii).

(ii) 1,2-Bis(diphenylphosphino)benzene. A mixture of a-Re,Clg-
(dppbe), (0.098 g, 0.069 mmol), 1 equiv of dppbe (0.0305 g, 0.068
mmol), and 2 drops of aqueous HCl (12 N) in propionitrile (10 mL) was
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Table I. Crystallographic Data for trans-ReCly(dppbe), (1),
Re(NC,H,)Cly(dppbe)-CHCl; (2), and Re(NC,H,)Br;(dppbe) (3)

1 2 3

chem ReCl:P‘CwH“ ReClgP;NC3Hy;  ReBr;P,NCy3H;,
formula

a A 10.856 (1) 10.877 (3) 16.677 (2)

b A 12.664 (1) 16.881 (2) 10.852 (2)

¢ A 18.169 (2) 11.199 (4) 18.382 (4)

8, deg 91.09 (1) 115.24 (1) 95.8 (1)

v, A3 2497.6 (7) 1860 (2) 3310 (2)

z 2 2 4

fw 1150.05 915.51 929.50

space group  P2,/n (No. 14) P2;/m (No. 11)  P2,/c (No. 14)

T, °C 201 20+ 1 22+%1

A A Mo Ka (0.71073) Mo Ke (0.71073) Mo Ke (0.71073)

Pealcd» 8 ™ 1.529 1.635 1.833

p(Mo Ka), 27.38 38.55 74.26
cm™!

transm coeff 1.000-0.567 1.000-0.646 1.000-0.763

R® 0.029 0.032 0.055

R} 0.035 0.043 0.079

“R = TWF - IF/ZIF- *Ry = [Zw(IF,| = [F)*/ SwiFP1 % w =
1/a*(|F).

refluxed for 18 h. The mixture was cooled to room temperature. An
orange powder was collected by filtration, washed with diethyl ether, and
dried in vacuo. The orange compound was identified as trans-ReCly-
(dppbe), on the basis of its electrochemical properties; yield 0.058 g
(36%).

The purple complex Re(NCH,CH,CH,)Cl(dppbe) was isolated from
the reaction filtrate as in procedure D(i); yield 0.032 g (29%).

E. Reduction of trans-[ReCl,(dppbe),JCI.4H,0 to trans-ReCl,-
(dppbe),. A small quantity of trans-[ReCl,(dppbe),]Cl:4H,0 (0.07 g,
0.06 mmol) was heated in acetonitrile (10 mL) for 2 days in the presence
of a pine boiling stick. Orange crystals of trans-ReCl,(dppbe), formed
on the stick and the sides of the reaction vessel. The resulting reaction
mixture was filtered while hot, and the orange crystals were washed with
acetonitrile, dichloromethane, and diethyl ether and then dried; yield 0.02
£ (31%). This product was identified as trans-ReCl,(dppbe), on the basis
of its electrochemical properties.

The yellow filtrate was evaporated to dryness and the residue re-
crystallized from dichloromethane. The yellow crystals, which were
identified as unreacted trans-[ReCl,(dppbe),]Cl-4H,0, were filtered off,
washed with diethyl ether, and dried; yield 0.04 g (57%).

Preparation of Single Crystals of trans-ReCl,(dppbe), (1), Re-
(NC,H;)CL;(dppbe) (2), and Re(NC;H,)Br;(dppbe) (3). Crystals of
complex 1 were harvested directly from the preparative reaction mixture
(procedure C(i)). In the case of 2, suitable crystals were obtained by the
slow evaporation of a chloroform solution of this complex. The bromide
analogue 3 was obtained as single crystals by the slow diffusion of a
CH,C], solution of this complex into ethanol, After several days, purple
crystals of 3 had deposited on the walls of the glass vessel.

X-ray Crystallographic Procedures. The structures of 1-3 were de-
termined by the application of standard procedures. The basic crystal-
lographic data for these three structures are listed in Table I. The cell
parameters are based on 25 reflections with 19.3 < § < 21.2° for 1, 21.0
< f§ <23.0°for2 17.0 <8 <22.1°for3. Three standard reflections
were measured every 5000 s of beam exposure during data collection and
displayed no systematic variations in intensity. Calculations were per-
formed on a MicroVAX computer using the Enraf-Nonius structure
determination package.

The structures were solved by the use of the Patterson heavy-atom
method, which revealed the positions of the Re atoms. The remaining
atoms were located in succeeding difference Fourier syntheses. Lorentz
and polarization corrections were applied to the data. In all instances
an empirical absorption correction was applied,? the linear absorption
coefficients being 27.38 (for 1), 38.55 (for 2), and 74.26 cm™! (for 3).
No corrections were made for extinction. The structures were refined
by full-matrix least-squares techniques where the function minimized was
S w(|F,|~|F])? where w is a weighting factor defined as w = 1/d*(F,).
For all three structures, positions for hydrogen atoms of the phenyl rings
were calculated by assuming idealized geometry and a C-H bond dis-
tance of 0.95 A. Hydrogens were also included for the n-propyl group
of the disordered imido ligand of 2 but not for its bromide analogue 3
(vide infra). In the case of 1 and 3, we assigned arbitrary values for

(8) (a) Flack, H. D. Acta Crystallogr., Sect. A: Cryst. Phys. Diffr., Theor.
Gen. Crystallogr. 1977, A33, 890. (b) Walker, N.; Stuart, D. Acta
Crystallogr., Sect. A: Found. Crystallogr. 1983, 439, 158.



Formation of Re(NCH,R)X;(dppbe)

Table II. Positional Parameters and Equivalent Isotropic
Displacement Parameters (A2) for the Non-Phenyl Atoms of 1 and
Their Estimated Standard Deviations?
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Table III. Positional Parameters and Equivalent Isotropic
Displacement Parameters (A2) for the Non-Phenyl Atoms of 2 and
Their Estimated Standard Deviations®

atom x y z B atom x y F4 B
Re 0 0 0 2.101 (6) Re 0.92822 (2) 3/, 0.67465 (3)  2.532 (6)
Cl 0.2003 (1) 0.0154 (1)  0.05915 (8) 3.49 (3) CI(1) 1.1068 (1)  0.65228 (9) 0.7351 (1) 3.86 (3)
P(1) 0.1100 (1) 0.0642 (1) -0.10635 (8) 2.44 (3) Cl(2) 09606 (2) %/, 0.9006 (2) 4,03 (5)
P(2) -0.0169 (1) 0.1872(1)  0.01850 (8) 2.57 (3) P(1) 07542 (1) 0.65478 (9) 0.6503 (1) 2.76 (3)
C(1)  0.1624 (S5) 0.2004 (5) -0.0870 (3) 2.6(1) N(1) 08759 (6) %/, 0.5084 (5) 2.7()
C(2) 0.1120 (5) 0.2533(5) -0.0272(3) 2.8(1) C(1) 0818 (1) s 0.360 (1) 7.1 3)
C(3) 0.1560 (6) 0.3532(5) -0.0094 (4) 3.6(2) C(2) 0942 (3) 0.772 (2) 0.310 (2) 12.2 (9)
C(4) 0.2449 (7) 0.4015(S) -0.0513(4) 3.9(2) C(3) 1.037(2) 0.833 (1) 0.346 (2) 8.1 (6)
C(5) 0.2890(6) 0.3515(5) -0.1125(4) 3.8(2) C(11) 0.6054 (5) 0.7090 (4)  0.6417 (5) 2
C(6)  0.2487(6) 0.2510(5) -0.1303 (3) 3.2(1) C(12) 0.4909 (5)  0.6676 (4)  0.6360 (6) 4.2 (1)
C(13) 03790 (5) 0.7087 (5)  0.6308 (6) 4.9 (2)

2 Anisotropically refined atoms are given in the form of the isotropic
equivalent thermal parameter defined as (4/3)[a%8(1,1) + b%68(2,2) +
¢28(3,3) + ab(cos v)8(1,2) + ac(cos B)8(1,3) + be(cose)8(2,3)]. Data
for the phenyl atoms are available as supplementary material.

B(H), i.e. the isotropic equivalent thermal parameter for the hydrogen
atoms, of 5 and 6 A2, respectively, whereas for 2 we assumed that B(H)
was equal to 1.3[B,(C)] at the time of the inclusion of this parameter
in the refinement procedure. While these hydrogen atoms were used in
the calculation of F,, they were not included in the least-squares refine-
ment. For 1 and 2, all atoms except hydrogen were refined anisotropi-
cally. The same was true for 3, with the exception of carbon atoms C(3),
C(4), C(5), and C(6) of the disordered n-propylimido ligand (vide infra).
Corrections for anomalous scattering were applied to all atoms refined
anisotropically.®

The structure refinements were routine with two exceptions. During
the course of the structure analysis of 2 and 3, it became apparent that
the CH,CH; fragment of the n-propylimido ligand was disordered. In
both structures, this ligand is contained within a pocket that is formed
by two of the phenyl rings of dppbe. For 2, a model was developed in
which this fragment was disordered about the plane that contains the
Cl(2)~Re-N(1)-C(1) unit and bisects the bonds C(11)-C(11) and C-
(13)—-C(13) of the C¢H, ring of the dppbe ligand. Since the space group
for 2 is P2,/m, this requires that the disorder be about the crystallo-
graphically imposed mirror plane. Haif of the disorder is shown in Figure
2; an equivalent C(1)—-C(2)—C(3) chain, related to the first by the mirror
plane, represents the other half. Consequently, atoms C(1) and C(2)
represent sites of half-occupancy. The full disorder is shown in a figure
available as supplementary material. In the case of 3, a similar model
for the disorder was developed, although in this case there is no crys-
tallographically imposed mirror plane. Half of the disorder is shown in
Figure 3; the alkyl chain C(2)—C(3)—C(4) represents the other half. The
rather large thermal parameters associated with C(3), C(4), C(5), and
C(6) reveal some inadequacies in this model. Nonetheless, this is a
satisfactory solution overall, one that is fully substantiated by the spec-
troscopic properties of this complex.

During the course of the structure refinement of 2, a region of electron
density at a nonbonding distance to the rhenium complex was assumed
to be lattice chloroform. Tt was modeled on this assumption with entirely
satisfactory results. This solvent molecule is situated on a special position,
which exhibits mirror symmetry, and was refined with full occupancy.

The highest peaks in the final difference Fourier maps for 1-3 were
1.15, 2.01, and 0.89 ¢ A%, respectively.

Positional parameters and their errors for the non-phenyl atoms of 1-3
are listed in Tables II-IV. Important intramolecular bond distances and
angles for 1 are given in Table V, while those for 2 and 3 are compared
in Table VI. Tables giving full details of the crystal data and data
collection parameters (Tables S1-S83), the non-hydrogen positional pa-
rameters (Tables S4-S6), the positional parameters for the hydrogen
atoms (Tables S7-S9), the anisotropic thermal parameters (Tables
S10-S12), and complete bond distances (Tables S13~-S15) and bond
angles (Tables S16-S18) are available as supplementary material, as well
as figures that show the full atomic numbering schemes for 1 and 3
(Figures S1 and S2) and the disorder of the n-propylimido ligand in 2
(Figure S3).

Physical Measurements. Infrared spectra (4000-150 cm™) were re-
corded as Nujol mulls with a Perkin-Elmer 1800 Fourier transform
spectrometer. Electronic absorption spectra were recorded on IBM In-
struments 9420 UV-visible (900-200-nm) and Hewlett-Packard H-

(9) (a) Cromer, D. T. International Tables for X-ray Crystallography:
Kynoch: Birmingham, England, 1974; Vol IV, Table 2.3.1. (b) For the
scattering factors used in the structure solution, see: Cromer, D. T.;
Waber, J. T. Ibid.; Table 2.2B.

4 Anisotropically refined atoms are given in the form of the isotropic
equivalent thermal parameter defined as (4/3)[a8(1,1) + %(2,2) +
c*8(3,3) + ab(cos ¥)B(1,2) + ac(cos B)B(1,3) + be(cos a)B(2,3)).
Data for the phenyl atoms are available as supplementary material.

Table IV. Positional Parameters and Equivalent Isotropic
Displacement Parameters (A2?) for the Non-Phenyl Atoms of 3 and
Their Estimated Standard Deviations®

atom X y z B
Re 0.74977 (4)  0.08505 (6) 0.29876 (3)  2.69 (1)
Br(1) 06450 (1) -0.0851 (2)  0.3039 (1) 5.49 (5)
Br(2) 08525(2) -0.0761(2) 0.2732(2) 7.73 (7)
Br(3) 0.7837 (1) 0.0520 (2)  0.4365 (1) 5.25(5)
P(1) 0.8663 (2) 0.2123 (4)  0.2871 (2) 2.58 (8)
P(2) 0.7387 (2) 0.0949 (4)  0.1669 (2) 2.77 (8)
N(1) 0.6857 (7) 0.208 (1) 0.3056 (6) 3.0(3)

C(2) 0634 (1) 0310(2) 0311 (1) 6.4 (5)
C(3) 0577 (3) 0274 (5)  0.386 (3) 9 (1)*
C(4) 0519 (5) 0.185(7) 0359 (4)  14(2)*
C(S)  0.544 (4) 0267 (6) 0337 (4)  12(2)*
C(6) 0517 (4) 0324 (6) 0398 (4) 13 (2)*
C(11) 0.8923(9)  0.194(1) 01939 (8)  2.6(3)
C(12) 08356 (9)  0.143(1) 01407 (7) 2.6 (3)
C(13) 0.854 (1) 0.137(2) 0069 (9  3.8(4)
C(14) 0932 (1) 0.176 2)  0.0513(9)  4.5(4)
C(15) 0.986 (1) 0221 (2)  0.1015(9) 4.1 (4)
C(16) 0.968 (1) 0230 (1)  0.1747(8)  3.5(4)

“ Anisotropically refined atoms are given in the form of the isotropic
equivalent thermal parameter defined as (4/3){a?8(1,1) + 6%8(2,2) +
c3(3,3) + ab(cos v)B(1,2) + ac(cos 8)B8(1,3) + bc(cos 2)B(2,3)). The
values marked with an asterisk are for an isotropically refined atom.
Data for the phenyl atoms are available as supplementary material.

Table V. Important Bond Distances (A) and Bond Angles (deg) for
lﬂ

Distances
Re-Cl 2.415 (2) P(2)-C(221) 1.844 (7)
Re-P(1) 2.431 (2) C(1)-C(2) 1.398 (9)
Re-P(2) 2.402 (2) C(1)-C(6) 1.391 (9)
P(1)-C(1) 1.848 (6) C(2)-C(3) 1.388 (9)
P(1)-C(111) 1.833 (6) C(3)-C(4) 1.38 (1)
P(1)-C(121) 1.850 (6) C(4)-C(5) 1.37 (1)
P(2)-C(2) 1.842 (7) C(5)-C(6) 1.38 (1)
P(2)-C(211)  1.836 (7)
Angles

Cl-Re-Cl 180.0 P(1)-Re-P(1)  180.0

Cl-Re-P(1) 8281 (6) P(1)-Re-P(2)  79.70 (6)
Cl-Re-P(1)  97.19 (6) P(1)-Re-P(2)  100.30 (6)
Cl-Re-P(2)  85.88 (6) P(2)-Re-P(2)  180.0
Cl-Re-P(2)  94.12 (6)

4Numbers in parentheses are estimated standard deviations in the
least significant digits.

P8451A (820-190-nm) spectrophotometers. Electrochemical experi-
ments were carried out by using a Bioanalytical Systems Inc. Model
CV-1A instrument on dichloromethane solutions that contained 0.1 M
tetra-n-butylammonium hexafluorophosphate (TBAH) as supporting
electrolyte. A platinum-bead working electrode and platinum-wire
auxiliary electrode were used. E|; values, determined as (E,, + £,0)/2,
were referenced to the Ag/AgCl electrode at room temperature and are
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Table VI. Comparison of Selected Bond Distances (A) and Bond
Angles (deg) for 2 and 3°

Distances
2 3
Re-CI(1) 2.415 (1) Re~-Br(1) 2.551 (1)
Re~Br(3) 2.563 (1)
Re-Cl(2) 2.402 (2) Re~Br(2) 2.525 (2)
Re-P(1) 2.409 (1) Re-P(1) 2411 (3)
Re-P(2) 2.415 (3)
Re-N(1) 1.699 (5) Re-N(1) 1.719 (8)
P(1)-C(11) 1.826 (4) P(H)-C(11) 1.819 (9)
P(2)-C(12) 1.809 (9)
N(-C(1) 1.51 (1) N(1)-C(2) 1.41 (1)
C(1)~C(2) 1.70 (2) C(2)-C(5) 1.69 (5)
C(2)~-C(3) 1.39 (3) C(5)-C(6) 1.40 (6)
C(11)-C(11) 1.38 (1) C(11)-C(12) 1.40 (1)
C(11)-C(12) 1.407 (7) C(11)~C(16) 1.40 (1)
C(12)-C(13) 1.39 (1)
C(12)-C(13) 1.381 (7) C(13)-C(14) 1.44 (1)
C(13)-C(13) 1.39 (D) C(14)-C(15) 1.31 (2)
C(15)-C(16) 1.41 (1)
Angles
2 3
CIl(1)-Re~-Cl1(2) 88.01 (4) Br(1)-Re-Br(2) 89.20 (5)
CI(1)~Re-CI(1) 86.18 (6) Br(1)-Re-Br(3) 86.88 (4)
Cl(1)-Re-P(1) 170.75 (4) Br(1)-Re-P(1) 168.32 (7)
Cl(1)-Re~P(1) 94.32 (4) Br(1)-Re-P(2) 94,93 (7)
Cl(1)-Re-N(1) 99.3 (1) Br(1)-Re-N(1) 97.1 (3)
Br(2)-Re-Br(3) 90.06 (5)
Cl(2)-Re-P(1) 82.78 (4) Br(2)-Re-P(1) 7915 (D)
Br(2)-Re-P(2) 80.10 (7)
Cl(2)-Re~N(1) 170.0 (2) Br(2)-Re-N(1) 171.2 (2)
Br(3)-Re-P(1) 93.97 (7)
Br(3)-Re-P(2) 169.96 (7)
Br(3)-Re-N(1) 96.5 (3)
P(1)-Re-P(1) 83,72 (5) P(1)-Re-P(2) 82.28 (8)
P(1)-Re-N(1) 89.8 (1)  P(1)-Re-N(1) 94.4 (3)
P(2)-Re-N(1) 93.1 (3)
Re~-N(1)-C(1) 175.4 (5) Re-N(1)-C(2) 178.7 (8)
N()-C(1)-C(2) 110 (1) N(-C(2)-C(5) 111 (2)
C(1)-C(2)-C(3) 132(2) C(2)-C(5)-C(6) 118 (4)

9Data have been arranged so as to compare reiated distances and
angles between the two structures. For the disordered n-propylimido
ligands, parameters are given for half of the disorder. Numbers in
parentheses are estimated standard deviations in the least significant
figures.

uncorrected for junction potentials. Under our experimental conditions,
E\;y = +0.47 V vs Ag/AgCl for the ferrocenium/ferrocene couple, which
was used as an internal standard. Conductivity measurements were
performed with the use of an Industrial Instruments Inc. Model RC-16B2
conductivity bridge. 'H NMR spectra were recorded on Varian XL-200
and Varian Gemini-200 spectrometers. Resonances were referenced
internally to the residual protons in the incompletely deuteriated solvent.
JIP{'H} NMR spectra were recorded on a Varian XL-200 spectrometer
operated at 80.98 MHz with an internal deuterium lock and aqueous 85%
H,PO, as an external standard.

Elemental microanalyses were performed by Dr. H. D. Lee of the
Purdue University Microanalytical Laboratory.

Results

The reactions of (n-BuyN),Re,X; (X = Cl, Br) with the bi-
dentate phosphine ligand 1,2-bis(diphenylphosphino)benzene,
1,2-C¢H(PPh,), (abbreviated dppbe), in hot methanol afford the
mononuclear rhenium(III) complexes trans-[ReCly(dppbe),]-
Cl-4H,0 and trans-[ReBr,(dppbe),]Br. The electrochemical and
spectroscopic properties of these complexes resemble those of their
recently prepared analogues frans-[ReCl,(dppee),]Cl-4H,0 and
trans-[ReBr,(dppee),]Br-H,O (dppee = cis-Ph,PCH=
CHPPh,).'® The cyclic voltammograms (CV’s) of solutions of

(10) Bakir, M.; Fanwick, P. E.; Walton, R. A. Polyhedron 1987, 6, 907.
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Scheme I

¢. HX
(@-Bu N),Re X, + dppbe + RCN ———"!’ Re(NCH,R)X,(dppbe) )
reflux 20 h
X=CLR=Et

X = Br, R = Me, Et, j-Pr

MeCN/conc. HC)
——>

(g-Bu,N);Re,Cl, + dppbe trans-ReCly(dppbe)y 2)

reflux i2 h

benzene or toluene

Re,Cl (P~g-Pry), + dppbe a-Re,Cl(dppbe), 3)
reflux 1-2d
conc. HCl
a-Re,Cl (dppbe)y + EICN ———————=> Re(NCH,Et)Cl (dppbe) (4)
reflux 18 h
conc. HCi
a-Re,Cl(dppbe), + dppbe + EICN > Re(NCH,EN)Cly(dppbe) +
reflux 24 h
trans-ReCly(dppbe), (5)

MeCN, reflux 2d

1rans-[ReCly(dppbe),)Cl-nH,0 rans-ReCly{dppbe), (6)

e
CH,Cl,/CCl,, reflux 2d

these complexes in 0.1 M TBAH/CH,Cl, show processes that
are assigned to the Re(I1V)/Re(III), Re(I1II)/Re(II), and Re-
(I1) /Re(I) couples. In the case of trans-[ReCl,(dppbe),] Cl4H,0,
these are as follows (scan rate 200 mV s7!): E,,(o0x) = +1.51
V, E|jy(red) = -0.32 V, and E| 5(red) = -1.48 (’vs Ag/AgCl
The corresponding processes for trans-[ReBrz(dppbe)z] Brare as
follows: E)jy(0x) = +1.48 V, E, 5(red) = -0.24 V, and E,
~-1.42 V vs Ag/AgCl. The oxldatlon of the outer- sphere hallde
ions (chloride or bromide) was also observed in the cyclic volt-
ammograms at Ep, = +1.15V (X =Cl) and at £, > +0.8 and
+1.0 V (X = Br). A conductivity measurement on an acetonitrile
solution of [ReBr,(dppbe),]Br (4.8 X 10™* M) showed that it
behaved as a 1:1 electrolyte (Ay = 123 Q7! em? mol™!). The
electronic absorption spectra of these complexes (recorded in
dichloromethane) are similar to those reported for other complexes
of the type trans-[ReX,(L-L),]X (X = Cl, Br; L-L = dppee,!°
thPCHchzpphz (dppe),” M62PCH2CH2PMCZ (dmpe),lz
Ph,PNHPPh, (dppa).!> For example, the Ap,, value for
trans-[ReCly(dppbe),]C1-4H,0 is at 432 nm (e = 4800), with a
shoulder at 475 nm, while for trans-[ReCly(dppee),] Cl+4H,0,1°
Amax Occurs at 424 nm (e = 2800) with a shoulder at 455 nm. The
corresponding spectral data for trans-[ReBr,(dppbe),]Br are A,
= 444 nm (e = 4100) and 486 nm (¢ = 2900).

When the reactions between (n-BuyN),Re,X; and dppbe are
carried out in hot nitrile solvents RCN (R = Me, Et, i-Pr), to
which has been added a few drops of the appropriate concentrated
aqueous hydrohalic acid, the principal products are the mono-
nuclear rhenium(V)-imido complexes Re(NCH,R)X;(dppbe).
The one exception is in the case of the reaction between (n-
BuyN),Re,Clg and dppbe in acetonitrile, from which trans-
ReCly(dppbe), was the only identifiable product. These and
related transformations are shown in Scheme I (eqs 1-6).

The electrochemical and spectroscopic properties of Re-
(NCH;R)X;(dppbe) are given in Table VII. The identities of
Re(NCH,Et)Cl;(dppbe) and Re(NCH,Et)Br,(dppbe) were
further established by X-ray crystallography; the details of these
structure solutions are presented in the Experimental Section and
the results considered further in the next section. The identification
of trans-ReCl(dppbe), was also based upon a single-crystal X-ray
structure determination. Its electrochemical properties resemble
those of trans-[ReCl,(dppbe),]CI-4H,0 (vide supra), with the

(11) Cotton, F. A,; Curtis, N. F.; Robinson, W. R. Inorg. Chem. 1965, 4,
1696.

(12) Vanderheyden, J.-L.; Heeg, M. J.; Deutsch, E. Inorg. Chem. 1985, 24,
1666.

(13) Barder, T. J.; Cotton, F. A.; Lewis, D.; Schwotzer, W.; Tetrick, S. M.;
Walton, R. A. J. Am. Chem. Soc. 1984, 106, 2882.
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Table VII. Electrochemical and Spectral Properties of Re(NCH,R)X;(dppbe)

Inorganic Chemistry, Vol. 29, No. 11, 1990 2059

CV half-wave POlentialS,' v IR v(Re—X)," electronic abs lI'l NMR,‘& “P‘IH’

complex E,p{ox.) E,. Ep. cm™ Afnm CH, CH, CH, NMR, §

Re(NCHE1)Cly(dppbe)  +1.22(90)  -1.30 -1.61 315 (s), 284 (s), 550 (100), 034 (toft) +1.31(m) +0.70(1) +23.9 (s)
263 (m) 350 (2000)7

Re(NCH;Me)Br;(dppbe) +1.21 (90) ~-1.16 -1.49 580 (70), —0.44 (qoft) +0.91 (t) +19.7 (s)
362 (1300)%

Re(NCH,Et)Br;(dppbe) +1.22 (110)  -1.26 -1.60 220 (s), 200 (s), 565 (60), —0.80 (toft) +1.41(m) +071(t) +18.9¢(s)
169 (m) 360 (2300)¢

Re(NCH,-i-Pr)Bry(dppbe) +1.21/(130) -1.10 -1.36 580 (130), -1.25(dof t) +1.91 (m) +0.64(t) +17.7 (s)

365 (2400)¢

“Measured on 0.1 M TBAH/CH,Cl, solutions and referenced to the Ag/AgCl electrode, with a scan rate (v) of 200 mV s™! at a Pt-bead electrode. Numbers

in parentheses are the £, - E,,

values (mV). ¢Nujol mull. “Recorded on dichloromethane solutions; molar extinction coefficients (M~! cm™!) given in

¢
parentheses. 9Recorded in Cbzélz. Resonances are for the alkyl group of the imido ligand. The symbols , 8, and 1y refer to the proximity of the carbon atom
of the alkyl chain to the nitrogen atom. Abbreviations are as follows: m = multiplet, t = triplet, d of t = doublet of triplets, t of t = triplet of triplets, q of
t = quartet of triplets. ¢Recorded in CD,Cl,. Abbreviations: s = singlet. /Approximate value since ipa > ipe. 8Approximate value for e since this absorption

is a shoulder on a rising absorption.

exception of the couple at E, , = -0.32 V, which now corresponds
to an oxidation of the bulk complex. The complex a-Re,Cl,-
(dppbe), (eq 3, Scheme I), has properties that are characteristic
of the Re,** core and the presence of chelating dppbe ligands.!14
The CV of this complex in 0.1 M TBAH/CH,CI, revealed the
presence of a reversible one-electron oxidation at E,, = +0.29
V, an irreversible oxidation at £y, = +1.14 V, and an irreversible
reduction at Ec=-141Vvs Ag/AgCl. The low-frequency IR
spectrum (Nujol mull) of this complex displays »(Re—Cl) modes
at 312 s and 285 m cm™!, These bands are similar to those reported
for other dirhenium complexes that contain the cis-ReCl,(L-L)
unit, i.e. a-Re;Cly(L-L),.!4* It exhibits a low-energy absorption
band at ~860 nm in its electronic absorption spectrum (Nujol
mull). This band is similar to those reported for other complexes
of the type a-Re,Cl,(L-L), (L-L = dppe,'’ dppee,!* dmpe, or
Ph,P(CH,);PPh, (dppp)'®) and is distinctly different from the
spectra exhibited by isomers of the type 3-Re,Cly(L-L), (L-L
= dppe!” or dppee'*), which contain intramolecular bridging
phosphine ligands. The 3'P{'H} NMR spectrum of this complex
(recorded in CD,Cl,) shows a singlet at § +28.2; this chemical
shift is characteristic of chelating five-membered rings.'*
Discussion

While the (n-BuyN),Re, X5 (X = Cl, Br) salts react with dppbe
in methanol in the expected fashion,!? to give the nonredox
cleavage products frans-[ReX,(dppbe),] X-nH,0, the formation
of the mononuclear imido complexes Re(NCH,R)X,(dppbe) when
refluxing nitrile solvents (RCN) are used was unexpected. The
latter reaction course is of particular interest for several reasons.
First, it constitutes a novel route to transition-metal imido species,
one whose potential has not previously been realized,!® although
there are instances where trinuclear iron'® and ruthenjium?
carbonyl clusters have been used to stabilize intermediates in the
hydrogenation of nitriles in the presence of weak acids. Second,
this method is applicable to alkylimido species of the type M-
(NCH,R), which, in the case of rhenium, are very scarce!®?! and
limited to the case of R = H2#25 and, in a very few instances, R
= Me or Et.2* There are also a few examples of fert-butylimido
complexes of rhenium known,? although in these instances the

(14) Anderson, L. B.; Bakir, M.; Walton, R. A, Polyhedron 1987, 6, 1483,

(15) Bakir, M.; Cotton, F. A,; Falvello, L. R.; Vidyasagar, K.; Walton, R.
A. Inorg. Chem. 1988, 27, 2460.

(16) Cole, N, F.; Cotton, F. A.; Powell, G. L.; Smith, T. J. Inorg. Chem.
1983, 22, 2618.

(17) Ebner, J. R.; Tyler, D. R.; Walton, R. A. Inorg. Chem. 1976, 15, 833.

(18) Nugent, W. A,; Mayer, J. M. Metal-Ligand Multiple Bonds, Wiley:
New York, 1988; pp 52-98.

(19) Andrews, M. A; Kaesz, H. D. J. Am. Chem. Soc. 1970, 101, 7238.

(20) Benzi, P.; Lausarot, M.; Operti, L.; Vaglio, G. A.; Valle, M. Gazz.
Chim. Ital. 1988, 118, 837 and references cited therein.

(21) Conner, K. A.; Walton, R. A. In Comprehensive Coordination Chem-
istry, Pergamon: Oxford, England, 1987; Chapter 43, pp 188-191.

(22) Bright, D.; Ibers, J. A. Inorg. Chem. 1969, 8, 703.

(23) Shandles, R. S.; Murmann, R. K.; Schlemper, E. O. Inorg. Chem. 1974,
13, 1373.

(24) Chatt, J; Dosser, R. J.; King, F.; Leigh, G. J. J. Chem. Soc., Dalton
Trans. 1976, 2435,

(25) Goeden, G. V.; Haymore, B. L. Inorg. Chem. 1983, 22, 157.

Figure 1. ORTEP representation of the structure of trans-ReCl,(dppbe),.
The thermal ellipsoids are drawn at the 50% probability level except for
the carbon atoms of the phenyl rings, which are circles of arbitrary
radius.

a-carbon atom contains no hydrogens. Third, these reactions
represent a novel use of multiply bonded dimetal complexes to
bring about the multielectron reduction of organic substrates. Note
that the examples described in this report constitute an interesting
alternative to the reductive coupling of organic nitriles; such a
reaction course can ensue when the dimetal unit remains intact
and can serve as a template for the coupling to take place upon
the coordination of two or more nitrile ligands.?’

Of the reactions we studied that were carried out in nitrile
solvents, only one failed to give an imido complex. This was the
reaction between (n-BuyN),Re,Clg and dppbe in acidified ace-
tonitrile, which afforded trans-ReCly(dppbe), as the main product.
This difference may reflect the greater difficulty of reducing a
metal chloride relative to its analogous bromide,?® coupled with
the lower reaction temperature in refluxing acetonitrile compared
to the other nitriles that were used. The characterization of this
product included an X-ray structure determination (Figure 1 and
Table V), which established its very close structural relationship

(26) (a) Longley, C. J.; Savage, P. D.; Wilkinson, G.; Hussain, B.; Hurst-
house, M. B. Polyhedron 1988, 7, 1079. (b) Nugent, W. A. Inorg.
Chem. 1983, 22, 965. (c) Edwards, D. S.; Biondi, L. V.; Ziller, J. W;
Churchill, M. R.; Schrock, R. R. Organometallics 1983, 2, 1505.

(27) Esjornson, D.; Derringer, D. R.; Fanwick, P. E.; Walton, R. A, Inorg.
Chem. 1989, 28, 2821.

(28) Walton, R. A. Prog. Inorg. Chem. 1972, 16, 1.
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Figure 2. ORTEP representation of the structure of Re(NCH,Et)Cl;-
(dppbe). The thermal ellipsoids are drawn at the 50% probability level
except for the carbon atoms of the phenyl rings, which are circles of
arbitrary radius. This view represents half of the disorder associated with
the CH,CH;, fragment of the n-propylimido ligand.

to trans-ReCly(dppee), (dppee = Ph,PCH=CHPPh,).!° The
Re-Cl distance for trans-ReCly(dppbe), of 2.415 (2) A is es-
sentially the same as that of its dppee analogue. There is a modest
disparity in the Re~P distances of trans-ReCl,(dppbe), (2.431
(2) and 2.402 (2) A), whereas for trans-ReCl,(dppee), the Re-P
distances are identical (2.405 (2) and 2.404 (2) A). In both
structures the Cl-Re~Cl and trans P-Re-P angles are required
by symmetry to be 180°. This structure determination is note-
worthy in that it is only the second one on a mononuclear complex
of the type ReX,(phosphine), (X = halide).

The X-ray crystal structure determinations of Re-
(NCH,Et)X,(dppbe) (X = CI, Br) are the first to be carried out
on (alkylimido)rhenium(V) species other than methylimido de-
rivatives.?222? ORTEP representations of these structures are shown
in Figures 2 and 3, while a comparison of the important structural
parameters is given in Table V. Both structure solutions were
complicated by a disorder involving the n-propylimido ligands,
although in each instance the disorder was satisfactorily modeled
(see Experimental Section) and the structural conclusions were
confirmed by '"H NMR spectroscopy (Table VII). Of particular
note are the short Re-N and N-C distances (1.699 (5) and 1.51
(1) A, respectively, for X = Cl, and 1.719 (8) and 1.41 (1) A,
respectively, for X = Br) and the associated Re-N-C angle that
approaches linearity (175.4 (5)° for X = Cl and 178.7 (8)° for
X = Br). These data are clearly in accord with an alkylimido
moiety and an interaction best represented as Re£N—CH,R 182223
The differences in Re-N and C-N distances between the two
structures may reflect some small differences in Re(d,) < N(p,)
bonding, which may be slightly greater in the case of the chloride
complex where the more polar Re~Cl bonds (compared to Re-Br)
should increase the positive charge at the metal center and
therefore enhance the extent of multiple bonding. However, the
Re-N bonds are not statistically different (within 3¢), and while
the C-N bonds are clearly different, part of this may be an artifact
of our modeling of the disorder associated with the n-propyl groups.

An interesting feature of the 'H NMR spectra of the alkylimido
complexes is the upfield shift of the a-CH, protons (Table VII),
out of the range usually encountered for “normal” alkyl resonances.
We attribute these unusual chemical shifts to the interactions of
the a-protons with the phenyl rings of the dppbe ligands. The
dppbe ligand is relatively rigid, and as can be seen in the structures
of Re(NCH,Et)X;(dppbe) (Figures 2 and 3), two of its pheny!
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Figure 3. ORTEP representation of the structure of Re(NCH,Et)Br,-
(dppbe). The thermal ellipsoids are drawn at the 50% probability level
except for the carbon atoms of the phenyl rings, which are circles of
arbitrary radius. This represents half of the disorder associated with the
CH,CH, fragment of the n-propylimido ligand. Atoms C(5) and C(6)
have counterparts C(3) and C(4) in the other half of the disorder.

rings create a pocket around the alkylimido group. If we model
the interactions using the solid-state structures of Re-
(NCH,Et)X;(dppbe), we find that the a-hydrogens are very close
to the perpendicular of these phenyl rings.”’ The anisotropy
associated with the phenyl rings can then be calculated® to lead
to an upfield shift for these proton resonances of approximately
2.3 ppm. Our experimental observations accord with this ex-
pectation.

An important question that now arises concerns the mechanism
of these nitrile reductions. Formally, a four-electron reduction
and concomitant protonation occur. Interestingly, in our earlier
preliminary report,* we had not recognized the importance of
adding acid to the reaction mixture since we had found that the
thermal reaction of (n-BuyN),Re,Brg with dppbe in propionitrile
afforded Re(NCH,Et)Br;(dppbe) without acid being added. At
the time, this was the only reaction of this type that we investigated
which gave a mononuclear imido complex. We now believe that
the samples of (n-BuyN),Re,Brg we originally used contained small
amounts of acid in the crystals, probably present as (n-
Bu,N),Re,Brg-x(H;0)Br. In a related context, we note that the
'H NMR spectra of the original samples of Re(NCH,Et)Br;-
(dppbe) that we obtained* showed two sets of resonances for the
a-protons of the n-propylimido group. These resonances were
centered at § ~0.80 and 4 ~0.56, and each was a triplet of triplets.*
We originally thought that this was evidence for deprotonation
of the imido group,’! but we now know that while the former
resonance is due to authentic Re(NCH,Et)Br,(dppbe), the latter
is probably due to a mixed-halide derivative such as Re-
(NCH,Et)Br,Ci(dppbe). The separate sets of §- and «-protons

(29) A representative calculation for Re(NCH,Et)Br;(dppbe) is as follows,
Fractional coordinates for the calculated positions of the two hydrogens
on C(2) for half of the disorder are as follows: H(1), 0.5993, 0.3199,
0.2671; H(2), 0.6645, 0.3832, 0.3207. From these data, H(1) is cal-
culated to be 4.20 A from the center of one phenyl ring at an angle of
16.6° from the perpendicular and 2.92 A (at an angle of 25.9°) from
the second phenyl ring. The corresponding parameters for H(2) are 2.95
A (at 23.0°) and 4.03 A (at 15.9°). Similar results are obtained for
the other half of the disorder.

(30) Johnson, C. E., Jr.; Bovey, F. A. J. Chem. Phys. 1958, 29, 1012,

(31) The deprotonation of (alkylimido)rhenium(V) species to give Re—
N=uCHR (R = H, Me, Et) has been reported by Chatt and co-work-
€rs.



Formation of Re(NCH,R)X;(dppbe)

for the n-propylimido groups of these two species are coincident
in the "TH NMR spectra. The mixed-halide complex was formed
because of the presence of a chloride contaminant in the samples
of (n-BuyN),Re,Brg. The latter complex is formed by the reaction
of (n-Bu,N),Re,Clg with concentrated HBr (48%) in boiling
methanol;!! apparently, the bromide-for-chloride substitution had
not proceeded to completion in the preparation of these samples,
a reaction course that is not without precedent.’? These con-
clusions are supported by the following experiments. If a 10:1
mixture of concentrated HBr/concentrated HCl is substituted for
the concentrated HBr in the preparation of Re(NCH,Et)Br;-
(dppbe) from (n-Bu,N),Re,Br; (see procedure C(iv) in the Ex-
perimental Section), then a mixture of Re(NCH,Et)Br,(dppbe)
and Re(NCH,Et)Br,Cl(dppbe) is formed, the former complex
predominating. If, on the other hand, a 1:10 mixture of con-
centrated HBr/concentrated HCl is used, the mixed-halide species
predominates (by '"H NMR spectroscopy). The formation of these
complexes can also be followed by *'P{!HINMR spectroscopy; the
tribromide complex shows a singlet at § +18.9, while the mix-
ed-halide is characterized by a singlet at § +22.8. It is possible
that it is the halide ligand trans to the imido group that is the
most kinetically labile?®33 and therefore the one most readily
substituted in these halide-exchange reactions, although we note
that from the structure determinations there is no evidence for
such a structural trans effect. On the contrary, the Re-X bond
trans to the imido ligand is slightly shorter than the related cis
Re-X bonds (Table V1),

The presence of acid in the form of the aqueous hydrohalic acid
is important since, with HBF,Et,0, HBF,(aq), or H,O in place
of HX, no (alkylimido)rhenium species were formed unless halide
ion (in the form of n-Bu,NX) was also added. Thus, acid plus
halide ion are necessary ingredients for the occurrence of these
nitrile to imido ligand conversions.

In view of the propensity of the quadruply bonded Re,* core
to be reduced by phosphines to give complexes of the general type
Re;X4(PR,), (X = halide; PR; = a monodentate or half a bi-
dentate phosphine),'? we anticipated that such a reaction step
would also occur during the course of the reactions involving the
dppbe ligand (eq 1, Scheme 1). Accordingly, we set out to prepare
a complex of the type Re;X,(dppbe), in order to ascertain whether
it might be a reasonable intermediate on the way to Re-
(NCH,R)X,(dppbe). For this purpose a-Re,Cl,(dppbe), was
prepared (eq 3, Scheme I); it was found to react with propionitrile
in the presence of concentrated HCI (eq 4, Scheme I) in the same
fashion as did a mixture of (n-BusN),Re,Cl; and dppbe (eq 1,
Scheme I). Accordingly, we believe that it is reasonable to suggest
that the latter reaction proceeds via a-Re,Cl,(dppbe), or some
closely related species. Since the conversions of a-Re,Cl,(dppbe),
and the (n-BuyN),Re,Xg/dppbe mixtures to Re(NCH,R)X;-
(dppbe) proceed in yields of less than 50%, these reactions very
likely involve a disproportionation step such as Re''Re!' — Re!
+ Re!! to give a coordinatively unsaturated Re(I) center that is
complexed by nitrile ligands. This center can then serve as the
source of the four electrons necessary to reduce the nitrile ligand.
Although we have not been able to isolate a2 mononuclear Re(III)
complex from these nitrile reaction mixtures, when the reaction
between a-Re,Cl (dppbe), and propionitrile/concentrated HCI]

(32) Oldham, C.; Ketteringham, A. P. J. Chem. Soc., Dalton Trans. 1973,
© 2304,

(33) The incorporation of chloride may of course occur prior to disruption
of the dirhenium unit or during the reduction of the coordinated nitrile
ligand following Re~Re bond cleavage. However, we have shown (by
'H and *'P {'H} NMR spectroscopy) that, upon reaction of Re-
(NCH,Et)Bry(dppbe) with concentrated HCI in propionitrile (reflux,
18 h), the major product is Re(NCH,Et)Cl,(dppbe). Further mecha-
nistic studies are planned.
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is carried out in the presence of 1 equiv of dppbe (eq 5, Scheme
1), trans-ReCl,(dppbe), is isolated in addition to Re(NCH,Et)-
Cl;(dppbe). We believe that this result is in accord with the initial
generation of Re(I1I), since we have shown that the authentic
rhenium(III) complex trans-[ReCl,(dppbe),] CI-4H,0 is reduced
to trans-ReCl,(dppbe); in hot acetonitrile (eq 6, Scheme I).
Although the conversion of coordinated nitriles to amines by
hydrogen, or proton and hydride additions,!*234% and the reverse,
namely, the oxidation of coordinated amines to give nitriles,”’ are
important metal-mediated reactions, very few systems display the
combination of characteristics that we have encountered in our
studies dealing with the conversion of nitriles to alkylimides.
Specifically, we refer to the metal being the source of the reducing
equivalents, without the need to generate an intermediate met-
al-hydride complex, and a source of protons being necessary only
to protonate the reduced nitrile fragment. There is an interesting
report by Wilkinson and co-workers®® concerning the conversion
of [CrCI(NCMe)(dmpe),]BPh, into trans-[Cr(NCH,Me)Cl-
(dmpe),]SO;CF; (dmpe = Me,PCH,CH,PMe,;) upon the
treatment of the former complex with Ba(SO,CF), in methanol.
While their product is “isoelectronic” with Re(NCH,Me)X;-
(dppbe), the mechanisms of these reactions are presumably dif-
ferent. We also note that Pombeiro et al.* have found that the
treatment of the Re(I) complex trans-ReCI(NCC¢H,OMe-4)-
(dppe), (dppe = Ph,PCH,CH,PPh,) with HBF, affords
[ReCI(N=CHC,H,OMe-4)(dppe),]BF,, a complex which con-
tains a methyleneamido ligand. This is formally a two-electron
redox reaction with concomitant protonation of the reduced nitrile
and represents an intermediate stage in the reduction of a nitrile
to an alkylimido species by Re(I). The reason this reaction
terminates at the Re(III) stage rather than proceeding further
(through another two-electron step), as we have observed in our
system, is probably a consequence of the poorer reducing capability
of [ReCI(N=CHR)(dppe),]* compared to a species such as
[ReX(N=CHR)(NCR),(dppbe)]*. The results of Pombeiro et
al.? support our contention that a key step in the reduction of
nitriles by multiply bonded dirhenium species is probably dis-
proportionation of the Re,** core to generate a reactive mono-
nuclear Re(l) site that is a potent four-electron reductant.
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Supplementary Material Available: For the structures of trans-
ReCl,(dppbe),, Re(NC;H;)Cl,(dppbe), and Re(NC;H4)Br;(dppbe), ta-
bles giving full details of crystal data and data collection parameters
(Tables S1-S3), listings of positional parameters and their errors for the
non-hydrogen positional parameters (Tables S4-S6), the positional pa-
rameters for the hydrogen atoms (Tables S7-S9), and the anisotropic
thermal parameters (Tables S10-S12), complete listings of bond dis-
tances (Tables S13-S15) and bond angles (Tables S16-S18), and figures
showing the atomic numbering schemes (39 pages); tables of observed
and calculated structure factors (56 pages). Ordering information is
given on any current masthead page.
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