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Abstract-Bromine oxidation of [ReBr(C0)3(PR,)?I [PR, = PMqPh, PEhPh, PMePh,, 
PPh,, PPh2C,H4Me-4 or P(C,H,OMe+] yields stable seven-coordinate rhenium(II1) 
complexes [ReBr,(CO),(PR,M only for the less sterically demanding phosphines PMe,Ph, 
PEbPh and PMePh,. Crystals of [ReBr,(CO)#M%Ph)J (1) are triclinic, space group PI, 
Z = 2, in a unit cell with lattice parameters a = 9.575(8), b = 14.705(1 l), c = 9.629(12) A, 
o! = 77.71(7), B = 109.06(8) and y = 115.02(8)“. 2991 independent reflections above back- 
ground were collected on a diffractometer and refined to R0.07. The metal atom has a 
capped octahedral environment with a carbonyl in the unique capping position [ 1.87(3) A], 
two phosphines [2.456( 13), 2.496( 11) A] and one carbonyl 1.85(5) A in the capped face, 
and three bromine atoms in the uncapped face [2.589(5),‘2.623(6), 2.622(5) A]. Attempts 
to convert (1) to the six-coordinate d4 cation [ReBr2(CO),(PMe2Ph),]+ for structural 
comparison with the isoelectronic Group 6 analogues [MBr2(CO)2(PR3)2] (M = MO or W) 
were unsuccessful. 

Recent calculations by Kub%ek and Hoffmann’ dependent upon the halogen and phosphine li- 
have accounted for the deformations from octa- gands.“’ 
hedral geometry observed in several diamagnetic 
d4 complexes of molybdenum- and ttmgsten(I1) of 
the type M(CO),L;L;“. Such molecules containing 
c&carbonyl ligands should be stabilised by either 
a substantial increase or decrease in the M(C0)2 
bond angle from the regular octahedral value of 
90”, with the particular form of the distortion 
dependent upon the 6- and n- donor properties of 
the ligands L’ and L”. 

Diamagnetic six-coordinate d4 complexes are 
comparatively rare, but one such group of com- 
pounds has been prepared by the following route, 
with the final decarbonylation reaction critically 

*Authors to whom correspondence should be ad- 
dressed. 

co 11 -co 

WCOk@‘R,kXz 

(X = Cl or Br, M = MO or W). 

Both ~oBr,(CO),(PPh,)J and [WBr,(CO), 
(PPh3)zI have been prepared by this procedure, and 
their structures determimd4~ Their degree of dis- 
tortion was found to exceed that predicted by 
extended Hiickel calculations on model com- 
pounds,’ and in an attempt further to define factors 
which affect the deformations in this class of 
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molecule, we wished to synthesise d4 analogues 
containing other metals in combination with the 
same basic ligand set. One possible route to the 
isoelectronic rhenium. cation [ReBrz(CO)@R& + 
is outlined below. 

Re(CO)SX 2pR3 - Re(CO)@RAX 

-% Re(CO)* (PR,kX, 

J-X- 

[ReWk(PR3k&l + . 

To date only one seven-coordinate rhe- 
nium(III)dicarbonyl complex containing mono- 
dentate phosphine ligands has been reported, 
namely [ReCIS(CO),(PMsPh)J prepared by chlo- 
rine oxidation of chloro(tricarbonyl)bis(dimethyl- 
phenylphosphine)rhenium(I).6 We have therefore 
sought to extend this reaction in order to prepare 
several [ReBr,(CO)@R,)J derivatives which we 
hoped would be of use in synthesising six- 
coordinate d4 eationic rhenium complexes for di- 
rect structural comparison with their isoelectronic 
molybdenum and tungsten. analogues.4v5 

RESULTS AND DISCUSSION 
Treatment of fuc-[ReBr(CO),(PRJJ (PR, = 

PMe,Ph, PEt,Ph or PMePha with bromine in 
carbon tetrachloride solution at room temperature 
affords diamagnetic seven-coordinate rhenium(II1) 
complexes [ReBr,(CO),(PR,)J in high yields. These 
complexes provide further examples of the well- 
known halogen oxidation reaction in which six- 
coordinate d6 carbonyls are oxidised to seven- 
coordinate d4 derivatives.’ Although this type of 
reaction is a very common one for phosphine or 
arsine substituted Group 6 carbonyl derivatives, 
few reports of Group 7 examples have been pub- 
lished. Thus [Re(CO),(diars),XJ [diars = 
o-phenylenebis(dimethylarsine); X = Br or I] can 
be oxidised to the ionic derivative [Re(CO)- 
(diars)zXJX,,s whilst [ReX,(CO)(PMe,Ph),],6 

[Re%CO),(PMQh)z16 and [Re(CO)Adppm)XS19 
[dppm = bis(diphenylphosphino)methane; X = Cl 
or Br] have also been prepared by oxidation of 
rhenium(I) precursors. 

None of the three new rhenium(II1) complexes 
formed appreciably conducting solutions at lo-’ 
molar in acetone, and consequently simple mono- 
meric structures were expected. Variable tem- 
perature ‘H NMR measurements revealed that the 
complexes were stereochemically non-rigid in solu- 
tion at ambient temperatures, and on cooling to 

-4O”C, the broad aliphatic proton signals split 
into two components of unequal intensities indi- 
cating the formation of more than one isomeric 
form for each of the three complexes. In order to 
determine the solid-state stereochemistry of a rep- 
resentative example of this type of complex, a 
single crystal X-ray diffraction study was carried 
out on [ReBr,(CO)z(PMe+Ph)J. 

Discussion of the structure 
The molecule [ReBr,(CO),(PMe,Ph)J is shown 

in Fig. 1 together with the atomic numbering 
scheme. The rhenium environment is a capped 
octahedron with a carbonyl group in the unique 
capping position [ 1.87(3) A]; two phosphines 
[2.456( 13), 2.496( 11) A] and one carbonyl 
[1.85(5) A] in the capped face, and three bromine 
atoms in the uncapped face [2.589(5), 2.623(6), 
2.622(5) A]. This is the expected geometry for such 
a stoichiometry. It has been shown previously’o 
that seven-coordinate molecules with three halide 
ligands prefer to fall into two categories. They are 
either pentagonal pyramidal as in 
[NbCl,(bidentate)J’i in which three halogens fit 
into the T formation with two in axial positions 
and one in the equatorial plane, or alternatively 
capped octahedral with three halogens in the un- 
capped face as in [WBr,(CO)4] -I2 and 
wo(PMe,Ph),)GJ (X = halide).13 The one excep- 
tion is [ReBrS(bipy)(C0)J14 where the bidentate 
ligand prevents either geometric form. This struc- 
ture is still a capped octahedron but with one 
bromine in the capped face and two in the un- 
capped face; the bidentate ligand as is usual for this 

k 
Fig. 1. 
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polyhedron occupying an edge between two faces. 
So the geometry of (1) is as predicted and is very 
close to an ideal capped octahedron, wrth an r.m.s. 
deviationlO of 0.042 A (0.115 A for a capped tri- 
gonal prism) with 6 angles (after normalisation) of 
18.1, 15.1, 10.5”. A search of the Cambridge data 
fYes15 shows that there are very few rhenium(II1) 
structures that have been determined and no other 
halocarbonyl apart from [ReBrr(bipy)(CO)rl.‘4 

One obvious asymmetry that is introduced is in 
the angles in the capped face of (1). Thus the 
P-Rep angle (116.1”) is greater than the P-Re-C 
angles (110.8, 107.3”). The positions of the carbon. 
atoms on the phosphorus atoms are such as to be 
staggered with respect to adjacent atoms. Thus 
P( 1) has three adjacent neighbours Br( l), Br(3) and 
C(51) but there is no torsion angle of the type 
L-Re-P-C less than 37.3”. For P(2) the smallest 
torsion angle is 43.2”. The Re-Br distances in (1) 
[2.589(5), 2.623(6), 2.622(5) A] are slightly longer 
than those in the uncapped face of 
[ReBr,(bipy)(CO)d, namely 2.576(4), 2.551(5) A. 
The shorter bond Re-Br(1) [2.589(5)A] is unique 
in that Br(1) is trans to carbonyl while the others 
are truns to phosphine. It seems unlikely that this 
could be an electronic effect; steric constraints with 
the phosphines could cause such distortions. The 
three Br-Re-Br angles are irregular ranging from 
84.5(2) to 90.7(2)O, and the two Re-P distances 
are also unequal at 2.453(13) and 2.496(11) A, but 
there seems to be no obvious reason for the 
difference. 

Repeated attempts to prepare other seven- 
coordinate complexes by bromine oxidation of 
fuc-[ReBr(CO),Lrl [L = PPh,, P(C,H,OMe), or 
PPh,C&14Me] in Ccl,, were unsuccessful. The reac- 
tions were monitored by infrared spectroscopy 
which showed that despite varying the amount of 
bromine used and the temperature of the bro- 
mination reaction, no significant concentration of 
dicarbonyl-products was evident in the course of 
the reaction. Under forcing conditions, oily solids 
containing non-carbonyl products were formed. 
The room temperature bromination of fuc- 

[ReBrKOM’~Ql in CHCl, did not cause ox- 
idation, but rather resulted in the formation of the 
knownI mer-trans-isomer [v,,&CO) 206Ow, 
1958s, 1908~1. Such isomerisation reactions have 
been reported previously for several phosphine 
substituted rhenium carbonyl bromides.“*‘* Ther- 
mal rearrangements are slow,rB but in the presence 
of a strong oxidant, isomerisation is fast due to the 
intermediacy of kinetically labile 17-electron rhe- 
nium(E) species which are light sensitive and rap- 
idly reform rhenium(I) derivatives in the presence 
of dichloromethane. l* Bromine in chloroform ap- 

pears to cause fat +mer isomerism in an analogous 
manner as the reaction did not proceed cleanly in 
the dark. Under these conditions several carbonyl 
containing species as well as unchanged starting 
material were revealed by infrared spectroscopy, 
indicating decompositon of the reactive inter- 
mediate(s) in the absence of a photochemically 
induced reaction with the solvent. 

Steric constraints caused by the phosphine li- 
gands are apparent in (1) and molecular models of 
[ReBr,(CO)&J (L = tertiary phosphine containing 
one or more phenyl groups) reveal considerable 
steric interactions for both capped octahedral and 
pentagonal bipyramidal geometries. The degree of 
steric hindrance is clearly related to the effec- 
tive size of the phosphine and increases in the 
order L = PMe,Ph < PMePh, x PEt,Ph < PPh, !z 
PPh,C6H4Me x P(C6H40Me)3. It is noticeable that 
the only seven-coordinate tribromodicarbonyl 
complexes we have been able to prepare contain 
good a-donor phosphorus ligands with relatively 
small cone angles (PMe,P, 122”; PMePh,, 132”; 
PEt,Ph, 136”)” 

Cationic rhenium(IIZ) species 
Attempts to isolate pure six-coordinate rhe- 

nium(II1) species by halide abstraction from 
[ReBr,(CO),(PR,)d were not successful. All three 
complexes reacted with an equimolar quantity of 
MBF, (M = Ag or Tl) to produce MBr, but only 
(1) yielded small quantities of a new rhenium 
dicarbonyl species containing borofluoride. The 
product was very unstable even in the solid state, 
and could not be obtained analytically pure. At- 
tempts to recrystallise the material were also un- 
successful and resulted in the reformation of 
[ReBr3(CO),(PMe,Ph)d together with traces of 
[ReBr(CO),(PMe,Ph),] and non-carbonyl prod- 
ucts. However, in view of the relatively low carbo- 
nyl stretching modes observed for the original 
material it seems unlikely to contain the required 
cation [ReBrz(CO),(PMe,Ph)rl + . 

EXPERIMENTAL 
All syntheses were carried out in an atmosphere 

of dry Nr gas using solvents and liquid reagents 
freed from moisture and oxygen by standard pro- 
cedures. Infrared spectra in the region 
200-4000 cm - ’ were recorded on a Perkin-Elmer 
597 spectrophotometer. Hydrogen-l and W NMR 
spectra were recorded on JEOL PS 100 and FX 
9OQ instruments respectively with SiMe, as inter- 
nal standard. Microanalyses are by Butterworth 
Laboratories Limited. 

Liquid phosphines were stored in an inert atmo- 
sphere over molecular sieves. The solid phosphines 
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were used as received. The complexes [ReBr(CO),] 
and fat-fReBr(CO)&J (L = PPfi,, PMePhZ, 
PMQPh or PEhPh) were prepared by literature 
procedures or simple extensions thereof.‘8~z’ 

Synthesi’s of fuc-[ReBr(CO),{P(C6HIOMe- 
4)&l. The compounds [ReBr(CO),] (0.54 g, 1.3 
mmol) and P(C6H,0Me-4)3 (0.94 g, 2.7 mmol) 
were heated in refluxing benzene (20 cm3) for 3 hr. 
The solution was cooled, evaporated to 5 cm3 under 
reduced pressure, and treated with ethanol (25 cm’) 
to precipitate the product. Re~ystallisation was 
from chloroform/hexane (1:I). Yield 86”1, m.p. 
179-18OOC. (Found: C, 49.9; H, 3.98% 
C,,H,,O,BrP,Re requires C, 5 1.2; H, 3.98%); 
v,,(CO) 2032s, 195Os, 1895s cm-’ (chloroform); 
NMR: “C-(‘HI (25OC, CD,Cl& 6 31.8 (GMe), 
113.9, 125.2, 136.2 and 161.6 (aromatic), 191.6 
and 206.2 ppm (CO). 

Synthesis offac-[ReBr(C0)3{PPhzC6H1Me-4}& 

Debra] (O-35 g, 0.87 mmol) and 
PPh,C,H,Me-4 (0.48 g, 1.7 mmol) were heated in 
refiuxing benzene (20 cm31 for 7 hr. The solution 
was evaporated to dryness and the residue re- 
crystal&d from dichloromethane/hexane (1: l), 
affording the product as white needles (78x), m-p. 
180-181°C. (Found: C, 52.8; H, 3.84% 
C41HM03BrP2Re requires C, 54.4; H, 3.77%); 
v&CO) 2038s, 1952s. 1897s cm-’ (chloroform); 
NMR: “C-{‘H} (25OC, CD,Cl,), 6 21.3 (Me), 
128.4, 129.2, 130.6, 133.7, 134.7 and 141.1 (aro- 
matics), 192.1 and 205.8 ppm (CO). 

Synthesis of [ReBr,(CO),(PMePh,);l. A solution 
of BrZ (0.22 g, 1.4 mmol) in anhydrous CCL 
(25cm3) was stirred at room temperature with 
fat-[ReBr(CO),(PMePh&] (1.0 g, 1.3 mmol) for 
2 hr. The yellow product ~bromodicarbonyl- 
bis(methyldiphenylphospbine)rhenium(III) precip 
itated during the course of the reaction and was 
finally collected, washed with CCI, and dried 
i?¶ VtX24f.X R~s~i~~on was from 
dichloromethane/hexane (1: 1). Yield 85x, m.p. 
142-143°C. (Found: C, 37.7; H, 3.00; Br, 26.4% 
~*H~~O*Br3P~Re requires C, 38.1, H, 2.94, Br, 
27.2%); v,,,,, (CO) 2036s, 1940s cm-’ (chloroform); 
NMR: ‘H (25”C, CD&), 6 2.56 [6H, br d, J(PH) 
11 Hz 2 Me], 7.38 ppm (20 H, br m, aromatics). 

(a) In a similar way pale yellow crystals 
of tribromodicarbonylbis(dimethylphenylphos- 
p~ne)rhe~~~II), m.p. 148-149°C were isolated 
in a 92% yield. (Found C, 28.0; H, 2.80; Br, 30.2% 
C,,HZOZBr3P,Re requires C, 28.5; H, 2.90; Br, 
31.6%); v,, (CO) 2046s, 1935s cm-’ (chloroform); 
NMR: ‘H (25OC, CD&), 6 2.22 (12 H, vbr s, 4 
Me), 7.42 (4 H, m, aromatics), 7.72 ppm (6H, m, 
aromatics). 

(b) Reaction of bromine with [Re- 

Br(CO),(PEt,Ph),] as above afforded yellow crys- 
rnts of t~brom~icar~nylbis(diethylphenylph~- 
phine~rhenium(III), m.p. 138-140% (dec), in 76% 
yield. (Found: C, 32.0; H, 3.91; Br, 29.3% 
CZ2HW02Br3Re requires C, 32.4; H, 3.72; Br, 
29.501,); v,, (CO} 2050~~ 1938s cm-’ (chloroform); 
NMR: ‘H (25oC, CD2Cll), 6 1.00 (12 H, vbr s, 4 
Me), 2.90 (8 H, vbr s, 4 CH3, 7.36 (6 H, m, 
aromatics), 7.61 ppm (4 H, m, aromatics); ‘3C-{iH) 
(ZSOC, CD,Cl& S 9.9 (Me), 20.7 (m, CH& 128.3, 
128.5, 128.7, 129.2, 131.5, 132.6, 132.7 and 132.8 
ppm (aromatics). 

Halide abstraction from [ReBr3(CO)*- 
(PMe,Ph),]. A solution of [ReBr3(CO)a- 
(PMe,Ph),] (0.39 g, 0.51 mmol) in anhydrous ace- 
tone (15 cm3) was stirred at room temperature with 
MBF, (M = Ag or Tl, 0.51 mmol) dissolved in 
acetone (3 cm’). After 0.5 hr, the precipitated MBr 
was filtered from the solution and the filtrate was 
concentrated to low bulk (5 cm”) at OOC, and treated 
dropwise with heptane to initiate crystallisation. On 
further cooling yellow microcrystals were deposited. 
Yield 0.067 g; v,,,,, (CO) 2028s, 1928 cm-‘; v,, 
(BF) 1080 cm-’ (Nujol). 

Crystal structure determination of 
[ReBr3(CO)~~PMe~Ph)~]. Crystals of (1) were 
obtained as yellow needles by recrystallisation from 
CH,Cl,. 

Crystal data. c~*H~o~Br3P*Re, M = 863.1, Tri- 
clinic, Spacegroup PI, 2 = 2, n =9.575(8), 
b = 14.705(1 l), c = 9.629(12) A, OL = 77.71(7), 
fi = 109.06(8), y = 115.02(8)“, U = 1 156.8 A3, 
D,,, = 2.48 g cm-‘, F(OO0) = 722, MO-& radiation, 
X - 0.7107 A, p= 141.4 cm-‘. 

Structure solution a& refimtmtmt. The chosen 
crystal was mounted on a Stoe STADI-2 
difIractometer and data was collected via variable 
width o scan. Background counts were 20s and the 
scan rate of 0.033”/s was applied to a width of 
(1.5 + sin p/tan 6). 2991 inde~ndent reflections 
with 26 c SO0 were measured of which 1957 with 
I > 30(I) were used in subsequent refinement. An 
empirical absorption correction was applied. The 
structure was solved by the Patterson method. The 
positions of the remaining eon-hydro~n atoms 
were obtained from Fourier syntheses. The phenyl 
hydrogen atoms were positioned in trigonal posi- 
tions and those in the same ring were given a 
common thermal parameter. Those on methyl 
groups were located by rigid body refinement and 
each group was given a common thermal parame- 
ter which was refined. 

The structure was then refined using frill-matrix 
least-squares using SHELX76.2’ The wanting 
scheme used was chosen to give equivalent values 
of wd2 over ranges of F0 and (sin 0/n). This was 
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Table 1. 

DIMENSIONS IN THE COORDINATION SPHERE 

DISTANCES, A, ANGLES, DEGREES 

RE - BR(l) 2.589( 5) 

RE - BR(2) 2.623( 6) 

RE - BR(3) 2.622( 5) 

RE - P(1) 2.454( 13) 

RE - P(2) 2.496( 11) 

RE - cc411 1.85( 5) 

RE - C(51) 1.87( 3) 

BR(1) - RE 

BR(l) - RE 

BR(2) - RE 

BR(l) - RE 

BR(2) - RE 

BR(3) - RE 

BR(1) - RE 

BR(2) - RE 

BR(3) - RE 

P(l) - RE 

BR(l) - RE 

BR(2) - RE 

BR(3) - RE 

P(l) - RE 

P(2) - RE 

BR(1) - RE 

BR(2) - RE 

BR(3) - RE 

P(l) - RE 

P(2) - RE 

C(41) - RE 

- BR(2) 

- BR(3) 

- BR(3) 

- P(l) 

- P(1) 

- P(l) 

- P(2) 

- P(2) 

- P(2) 

- P(2) 

- cc411 

- C(41) 

- cc411 

- cc411 

- cc411 

- cc511 

- cc511 

- C(51) 

- C(51) 

- C(51) 

- cc511 

90.68( 18) 

87.37(18) 

84.52(18) 

77.85(29) 

160.8( 3) 

79.7( 3) 

80. l( 3) 

76.2( 3) 

156.8( 3) 

116.1( 4) 

163.0(11) 

76.7( 12) 

80.2( 14) 

110.8(14) 

107.3(15) 

127. l(17) 

126.5( 19) 

127.4( 17) 

72.4(19) 

75.4(17) 

69.9(21) 

wlp = l/(a’Q + 0.003 F’) where a(F) was taken 
from counting statistics. The Re, Br and P atoms 
were refined auisotropically. Scattering factors 
were taken from International Tables.22 Calcu- 

tCopies of supplementary data have been deposited 
with the Editor and with the Cambridge Data Centre. 

lations were made using SHELX76 on the CDC 
7600 computer at the University of Manchester 
Computer Centre. 

Details of interatomic distances and angles are 
listed in Table 1. Atomic coordinates, auisotropic 
thermal parameters, observed and calculated struc- 
ture factors and hydrogen atom positions are given 
in the Supplementary Publicati0n.t 
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