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A new synthetic route that is more convenient and more general than any previously available has now been developed 
for quadruply bonded W2,+ compounds. This new synthetic route has been used in the preparation of complex 1, 
WLWBr,(p-dppm),, and in addition two known ditungsten compounds, W2C14(PMe3)4 (3) and W2C14(PMe2Ph)4 
(4). The quadruply bonded complexes 1 and MdWBr,(PMe,Ph), (2) are formed in the reactions between WBr5 
and bis(dipheny1phosphino)methane and WBr,(PPhj), and MO(T~-C~H~PM~~)(PM~~P~)~, respectively. These are 
the only examples of quadruply bonded complexes that contain either a W-!-WBr, or M d W B r ,  core. The 
WLW and apparent M d W  distances for WLWBr,(p-dppm), and MdWBr,(PMe,Ph), are 2.2632(9) and 
2.209( 1 )  A, respectively. Complex 2 is contaminated by small amounts of the dimolybdenum analog. In addition 
to the structural data for these complexes, each has been fully characterized using 31P('H) NMR and UV-vis 
spectroscopy. Preliminary spectroscopic data have been obtained for W-!-WBr,(PMe,Ph), (9, WiWBr,- 
(PPhZMe), (a), and MdWBr,(PPh,Me), (7). Complex 1 has methylene protons located at positions that allow 
the calculation of the diamagnetic anisotropy of the WLW bond from the IH NMR chemical shift data. The 
diamagnetic anisotropy for the WLW bond in WLWBr,(p-dppm), has been estimated and will be compared to 
the diamagnetic anisotropy estimated for WkWCl,(p-dppm), and cr-WiWCl,(dppe)Z, The crystal structures of 
1 and 2 are fully described. Crystallographic data for these compounds are as follows: compound 1, P21 with u 
= 10.047(1) A, b = 14.529(2) A, c = 23.668(3) A, ,9 = 95.294(1)', V =  3440(1) AS, and 2 = 2; compound 2, Fdd2 
with u = 18.313(4) A, b = 43.981(7) A, c = 9.570(2) A, Y = 7709(2) A3, and Z = 8. 

Introduction 

Ditungsten complexes that contain a WLW bond are difficult 
to synthesize and manipulate, whereas, in contrast, there are 
many quadruply bonded dimolybdenum complexes that contain 
various ligand types.' This is due, in part, to the presence of a 
weak d bond and the greater sensitivity of the tungsten compounds 
to oxygen. However, it is also due to the lack of a good starting 
material or a convenient preparative route. The use of Me3SiX 
reagents (X = C1, Br, I and SCN) has allowed a variety of 
MoZX4L4 and Mo2X4(L-L), complexes (L = monodentate 
phosphine ligand and L-L = bidentate phosphine ligand) to be 
synthesized from MdMo(O,CCMe,), and M d M o -  
(02CCF3)4.24 In contrast, WLW(OZCCFj), is very sensitive to 
oxygen, and the analogous synthetic routes are thus not available 
in ditungsten chemistry. Since WC14 has been the tungsten 
start ing material  for complexes of the  general type 
WLWX,L,, the halide, X, has been chloride for all compounds 
prepared to date. Compounds with bidentate phosphine ligands, 
WLWCl,(L-L),, have usually been synthesized via phosphine 
substitution reactions on monophosphine  precursor^.^-^ The use 
of NaBEt3H as a reducing agent allows the convenient synthesis 
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of WLWX,L, and WLWX,(L-L),, X = C1 or Br, complexes 
in good yield in several solvents with a variety of reaction 
conditions. 

Limitations similar to those which exist for the ditungsten 
systems are also encountered for the M d W  systems. A facile 
synthetic route for the formation of MdWCl,L, type com- 
plexes was reported by Luck and Morris in 1984.8 An extension 
of this preparative method has been employed to synthesize 
MdWBr,L, type complexes. 

Experimental Section 

Cewnl Data. All manipulations werecarried out under an atmosphere 
of argon unless otherwise specified. Standard Schlenk and vacuum line 
techniques were used. Commercial grade solvents, except alcohols and 
dichloro- and dibromomethane, were dried over and freshly distilled from 
potassium/sodium benzophenone ketyl prior to use. Alcohols and 
dichloro- and dibromomethane were dried over magnesium alkoxides 
and phosphorus pentoxide respectively and freshly distilled prior to use. 
Mo(q6-CsHsPMe2)(PMe2Ph), and Mo(q6-CsHsPMePh)(PMePh2)3 were 
prepared as described in the literature9J0 and WBr4(PPh3)2 (8) was 
prepared by a procedure, similar to the preparation of WC14(PPhj)2, that 
is described in detail here." The compounds WLWCI,(PhZMe),,6 
WqWCI,(jt-dppm)2,5 a-WqWCl,(dppe)2,6 MdMoCI,(p-dppm),,2 
MdMoBr,(p-dppm),," and MdMoI,(p-dppm); used in the spec- 
troscopic studies were prepared by literature methods. The phosphines 
were purchased from Strem Chemicals and dried in vacuum prior to use. 
NaBEt3H was purchased from Aldrich as a 1 M solution in toluene. The 
visible spectra were recorded on a Cary 17D spectrophotometer. The 
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3Ip(IH)NMR(81 MHz)and 1HNMR(200MHz)spectrawererecorded 
on a Varian XL-200 spectrometer. The 31P(1H] NMR chemical shift 
values were referenced externally and are reported relative to 85% H,PO+ 

Preparation of WLWBr,(p-dppm), (1). To a red solution of 0.400 
g (0.69 mmol) of WBr5 dissolved in 10 mL of toluene, 2.1 mL (2.1 mmol) 
of a 1 M solution of NaBEt3H was added. After the solution was stirred 
for approximately 30 min, a solution of 0.400 g (1.04 mmol) of dppm 
(bis(dipheny1phosphino)methane) in 20 mL of toluene was added. The 
mixture was stirred overnight to ensure completion of the reaction. All 
solvent was removed in vacuum, the precipitate dissolved in benzene, and 
the solution filtered through Celite. Addition of hexanes produced a 
brown/green precipitate, which was washed with hexanes and then 
methanol and dried in vacuum (205 mg, 41%). 

Preparation of WLWCI,(PMe,), (3) and W’WCI,(PMe,W), (4). 
To0.200g (0.61 mmol)of WC14wasadded 10mLofTHF. Thesolution 
was cooled to -60 OC, and 1.22 mL (1.22 mmol) of a 1 M solution of 
NaBEgH in toluene was added, causing the solution to become green/ 
brown in color. After the mixture was stirred for approximately 20 min, 
2.44 mmol of either PMe3 or PMezPh was added. The reaction mixture 
became a deep forest green color at low temperature and was allowed to 
warm to room temperature slowly (0.5 h). After the mixture was stirred 
at room temperature for 12 h to ensure completion of the reaction, all 
solvent was removed. The resultant green powder was dissolved in THF, 
filtered throughCelite,andprecipitatedwith hexanes. Thegreenprecipitate 
was washed with hexanes and then methanol and dried in vacuum. (154 
mg, 63% WLWCI,(PMc,),, or 248 mg, 76% WLWCI,(PMe,Ph),. The 
identity of the products was confirmed by 31P(1H] NMR spectroscopy. 

Preparation of WLWBr,(PMe,Ph), (5) and WiWBr,(PPh&le), 
(6). To 0.200 g (0.34 mmol) of WBr5 was added 10 mL of THF. The 
deep red solution was cooled to -60 OC, and 1.02 mL (1.02 mmol) of a 
1 M solution of NaBEtlH in toluene was added, causing the solution to 
become grey/brown in color. After the mixture was stirred for 
approximately 20 min, 1.37 mmol of either PMezPh or PPhzMe was 
added. The reaction mixture became a deep green/brown color and was 
allowed to warm slowly to room temperature (0.5 h). After the mixture 
was stirred for 12 h to ensure completion of the reaction, all solvent was 
removed in vacuum. The precipitate was dissolved in THF, filtered 
through Celite, and precipitated with hexanes. The green/brown product 
was washed with hexanes and then methanol and dried in vacuum. The 
identity of the products was confirmed by 31P{lH) NMR and UV-vis 
spectroscopy. No attempts were made to optimize the yields in these 
reactions. 

Preparation of MdWBr,(PMe,Ph), (2). A solution of Mo(q6- 
C6HsPMez) (PMe2Ph)l (0.100 g, 0.2 mmol) in 10 mL of benzene was 
added to a stirred slurry of WBr4(PPh3)2 (0.412 g, 0.4 mmol) in 10 mL 
of benzene. After the mixture was stirred for 2 h, the green solution of 
2 was filtered through Celite. The solution was concentrated to 3 mL, 
and 10 mL of methanol was added to cause precipitation. The green 
precipitate was then filtered, washed with methanol, and dried in vacuum 
(0.180 g, 78%). 

Preparation of MdWBr,(PPh,Me), (7). A solution of Mo(q6- 
CsH5PMePh)(PMePh2)3 (0.179 g, 0.2 mmol) in IO mL of benzene was 
added to a stirred slurry of WBr4(PPh3)2 (0.412 g, 0.4 mmol) in 10 mL 
benzene. Stirring was continued for 2 h and the slurry then filtered 
through Celite to yield a green/brown solution of complex 7. The solution 
was concentrated to 3 mL, and 10 mL of methanol was added to cause 
precipitation. The green precipitate was filtered, washed with methanol, 
and dried in vacuum. The identity of the product was confirmed by 
31P(1H) NMR and UV-vis spectroscopy. No attempts were made to 
optimize the yields in this reaction. 

Preparation of WBrd(PPh3)z (8). To 6.0 g (10.3 mmol) of WBr5 
dissolved in 40 mL of dibromomethane was added 6.12 g of zinc. After 
the mixture was stirred for 10 min, 50 g (190 mmol) of PPh3 was added. 
Thesolution turnedorangeincolor,and a brightorangeprecipitateformed. 
After this was stirred for an additional 10 min, 10 mL of benzene was 
added to ensure complete precipitation of the product, WBr,(PPh3)2. 
The orange precipitate was then filtered, washed with copious amounts 
of benzene and hexanes and dried in vacuum (6.5 g, 61%). 

X-ray Crystallography 

Single-crystal diffraction experiments were conducted using a P3 
automated diffractometer with Mo Ka radiation for 1 and 2. Routine 
unit cell identification and intensity data collection procedures were 
followed utilizing the options specified in Table I and the general 

Cotton et al. 

Table I. Crystallographic Data and Data Collection Parameters for 
WLWBr,(fi-dppm), and MdWBr,(PMe,Ph), 

chem formula 
fw 
space group (No.) 
a, A 
b, A 
c, A 
a, deg 
8, deg 

Z 
T, OC 
A, A 
P ~ I C ~ ,  g cm-) 
p(Mo Ka), cm-I 
transm coeff 
R,‘ Rwb 

W ~ B ~ ~ P ~ C ~ C ~ O H U  
1729.66 
P Z I  (4) 
10.047( 1 ) 
14.529(2) 
23.668(3) 
(90) 
95.294(2) 

3440(1) 
2 
23 f 2 
0.710 73 
1.719 
58.475 
0.9994-0.6804 
0.0409,0.044 

(90) 

W MoBr4PlC32H~ 
1152.03 
Fdd2 (43) 
18.313(4) 
43.98 l(7) 
9.570(2) 

(90) 
(90) 
7709(2) 
8 
23 f 2 
0.710 73 
1.985 
76.596 
0.9986-0.5334 
0.0467,0.0558 

(90) 

IFc1)2/EwlFd2]1/2; w = 

proceduresprevi~uslydescribed.~~ Latticedimensionsand huesymmetry 
were verified using axial photographs. Three standard reflections were 
measured every hour during data collections to monitor any gain or loss 
in intensity and a correction applied when AI was greater than 3%. 
Corrections for Lorentz, polarization, and absorption effects were applied 
to both data sets. The latter correction was based on azimuthal scans 
of several reflections with diffractometer angle x near 9O0.l4 

General Structure Solution .nd Refiaemeat. The following general 
procedures were employed for the solution and refinement of both 
structures unless otherwise noted. 

The heavy-atom positions were obtained from three dimensional 
Patterson functions. The positions for the remainder of the non-hydrogen 
atoms were found using a series of full matrix refinements followed by 
difference Fourier syntheses. These positions were initially refined with 
isotropic thermal parameters, then with anisotropic thermal parameters 
to convergence. The phenyl groups were refined as rigid bodies 
geometrically idealized as hexagons with C-C = 1.395 A and C-H = 
0.98 A. However, each C atom was permitted to have a freely varying 
anisotropic displacement tensor. The hydrogen atoms, where included, 
were placed and fixed at  calculated positions and their isotropic thermal 
parameters constrained to one variable, and the entire model was refined 
to convergence. Final refinements employed the SHELX-76 package of 
programs with variations in occupancy factors used to determine the 
composition of the metal atom sites in 2. Important details pertinent to 
individual compounds are presented in Table I and in the following 
paragraphs. 

Compound 1. Blockshapedsinglecrystalsof 1 wereobtained by placing 
a layer of methanol over a benzene solution of WLWBr,(dppm), (1:8) 
in long glass tubes sealed under an argon atmosphere. One of these 
crystals was sealed in a capillary. 

Systemic absences narrowed the choice of space groups to P21 or P21/ 
m. Initial refinements in P2l/m, which requires the molecule to have 
mirror symmetry, resulted in high thermal parameters for the Br, P, and 
C atoms. Subsequent refinement in P21 resulted in lower thermal 
parameters and revealed the presence of a slight twist (3-4O) between 
the two ends of the molecule. These factors indicated that PZI was the 
proper space group. The final difference Fourier map contained several 
small ‘ghost” peaks in close proximity to the heavy atoms positions but 
no effort was made to correct for this problem. The final refinement 
factors after convergencearelisted inTable I. Table IIcontainspositional 
and thermal parameters. Selected bond distances and angles are given 
in Table 111, and an ORTEP drawing of the core is shown in Figure 1 .  

Compound 2. Block shaped singlecrystalsof 2 were obtained by placing 
a mixture of toluene and methanol (1:4) in long glass tubes sealed under 
an argon atmosphere and keeping these tubes in a refrigerator at -20 OC 
for several weeks. One of these crystals was coated with a thin layer of 
epoxy cement and mounted on the tip of a quartz fiber. 

Systemic absences uniquely determined the space group as Fdd2. 
Hybrid atoms (MW) composed of 50% Mo and 50% W were placed at 
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Tabk 11. Positional and Thermal Parameters for Non-Hydrogen Atoms of WLWBr,(h-dppm),. 
atom X Y z B,nA2 atom X Y z BfA2 

0.20701(7) 
0.21 908(8) 
0.41 37(3) 

-0.0186(3) 
0.4446(3) 
0.01 24(3) 
0.0785(6) 
0.3455(6) 
0.0827(7) 
0.3432(6) 
0.48 1 (1) 
0.45 1 (1) 
0.356( 1) 
0.291(1) 
0.320( 1) 
0.415(1) 
0.328( 1) 
0.278( 1) 
0.226( 1) 
0.224(1) 
0.274(1) 
0.326( 1) 
0.274( 1) 
0.232( 1) 
0.267( 1) 
0.345(1) 
0.388( 1) 
0.352(1) 
O.O03( 1) 
0.009( 1) 
0.035( 1) 

-O.024( 2) 
-O.028( 1) 

0.035( 1) 
-0).042( 1) 
-0,181 (1) 
4 2 4 3 (  1) 
-0.167( 1) 

0.159(1) 
0.084( 1) 
0.345( 1) 

0.17237(0) 
0.32778(6) 
0.107 l(2) 
0.141 l(2) 
0.3613(2) 
0.3952(2) 
0.1589(4) 
0.1484(4) 
0.3611(4) 
0.35 lO(4) 
0.772( 1) 
0.680( 1) 
0.658( 1) 
0.728( 1) 
0.820( 1) 
0.842( 1) 
0.749(2) 
0.674(2) 
0.688(2) 
0.776(2) 
O.SSO(2) 
0.837(2) 
0.832(1) 
0.749(1) 
0.666( 1) 
0.667( 1) 
0.751( 1) 
0.833(1) 
0.327(1) 
0.181 (1) 
0.259( 1) 
0.260(2) 
0.0622(8) 

-0.0231(8) 
4.1034(8) 
-0.0984(8) 
-0.01 3 l(8) 
0.0673(8) 
0.1499(8) 
0.1 1 lO(8) 
0.4033(8) 

0.24757(3) 
0.25208( 3) 
0.3002( 1) 
0.1955(1) 
0.3037( 1) 
0.1989(1) 
0.3345(3) 
0.1619(3) 
0.3379(3) 
0.1656(3) 
0.3719(6) 
0.3591(6) 
0.3 144(6) 
0.2825(6) 
0.2952(6) 
0.3399(6) 
0.5765(7) 
0.5440(7) 
0.4879(7) 
0.4642(7) 
0.4967(7) 
0.5529(7) 

-0.041 6(5) 
-0.0660(5) 
-0.0385(5) 
0.0134(5) 
0.0378(5) 
0.0103(5) 
0.8159(5) 
0.8194(5) 
0.8045(5) 
0.3375(7) 
0.3286(5) 
0.3363(5) 
0.3352(5) 
0.3264(5) 
0.3 187(5) 
0.3198(5) 
0.407 1 ( 5 )  
0.4475( 5 )  
0.05 19(4) 

2.61(2) 
2.62(2) 
4.72(7) 
4.25(6) 
4.25(6) 
4.59(7) 
2.8(1) 
2.7(1) 
3.3(1) 
3.0(1) 
8.7(2) 
8.2(2) 

10.5(3) 
18.9(3) 
30.9(2) 
12.8(3) 
17.5(3) 
10.7(3) 
11.9(3) 
11.5(3) 
9.1(3) 

12.0(3) 
9.6(2) 

11.6(2) 
13.2(3) 
11.9(3) 

9.0(2) 
16.8(2) 
1 1.6(2) 
10.1(3) 
3.2(2) 
3.3(2) 
3.9(2) 
6.6(2) 
8.1(2) 
4.6(2) 
5.2(2) 
3.6(2) 
4.6(2) 
4.5(2) 

10.0(2) 

C(123) 
C( 124) 
C( 125) 
C( 126) 
C(204) 
C(211) 
C(212) 
C(213) 
C(214) 
C(215) 
C(216) 
C(221) 
C(222) 
C(223) 
C(224) 
C(225) 
C(226) 
C(311) 
C(312) 
C(313) 
C(314) 
C(315) 
C(316) 
C(321) 
C(322) 
C(323) 
C(324) 
C(325) 
C(326) 
C(411) 
C(412) 
C(4 13) 
C(414) 
C(415) 
C(416) 
C(421) 
C(422) 
C(423) 
C(424) 
C(425) 

0.138( 1) 
0.269( 1) 
0.345( 1) 
0.290( 1) 
0.455(2) 
0.463( 1) 
0.600(1) 
0.681(1) 
0.626( 1) 
0.489( 1) 
0.408( 1) 
0.277( 1) 
0.350( 1) 
0.300(1) 
0.175( 1) 

0.152( 1) 
-0.035( 1) 

-0.059( 1) 
-0.196(1) 
-O).253( 1) 
-0.173(1) 
0.149(1) 
0.069( 1) 
0.117( 1) 
0.246(1) 
0.326(1) 
0.278( 1) 
0.4556(9) 
0.3971(9) 
0.4763 (9) 
0.6 140(9) 
0.6725(9) 
0.5933(9) 
0.269( 1) 
0.144(1) 
0.094( 1) 
0.169( 1) 
0.295( 1) 

0.101( 1) 

0.021( 1) 

0.1012(8) 
0.1303(8) 
0.1693(8) 
0.1791 (8) 
0.254(2) 
0.0531(7) 
0.0620(7) 

-0.0160(7) 
-0.1028(7) 
-0.1117(7) 
-0).0337(7) 

0.1285(8) 
0.1510(8) 
0.1 312(8) 
0.0889(8) 
0.0665(8) 
0.0862(8) 
0.4592(7) 
0.5457(7) 
0.6242(7) 
0.6162(7) 
0.5296(7) 
0.4511(7) 
0.3772(8) 
0.36 14(8) 
0.38 16( 8) 
0.4178(8) 
0.4336(8) 
0.4134(8) 
0.4507(7) 
0.5374(7) 
0.6 163(7) 
0.6086(7) 
0.5220(7) 
0.4430(7) 
0.3654(8) 
0.3279(8) 
0.3282(8) 
0.3661 (8) 
0.4036(8) 

0.5035(5) 
0.5192(5) 
0.4788(5) 
0.4228(5) 
0.1602(7) 
0.1676(5) 
0.1627(5) 
0.1648(5) 
0.1719(5) 
0.1768(5) 
0.1747(5) 
0.0886( 5 )  
0.0434(5) 

-0.01 21 ( 5 )  
-0.0225(5) 
0.0227( 5 )  
0.0782(5) 
0.3320(5) 
0.3428(5) 
0.3388(5) 
0.3239(5) 
0.31 3 l(5) 
0.3 17 l(5) 
0.4122(5) 
0.4563(5) 
0.51 21(5) 
0.5238(5) 
0.4797(5) 
0.4239(5) 
0.1707(5) 
0.1741 ( 5 )  
0.1749(5) 
0.1723(5) 
0.1689(5) 
0.168 l(5) 
0.0927(4) 
0.0765(4) 
0.0196(4) 

-0.0213(4) 
-0.005 l(4) 

6.5(2) 
7.2(2) 
7.8(2) 
4.3(2) 
3.1(2) 
2.5(2) 
5.7(2) 
5.7(2) 
6.5(2) 
7.9(2) 
5.9(2) 
3.8(2) 
4.9(2) 
8.1(2) 
6.6(2) 
6.5(2) 
5.0(2) 
3.7(2) 
4.2(2) 
5.8(2) 
5.3(2) 
5.6(2) 
3.8(2) 
3.7(2) 
6.5(2) 
5.1(2) 
6.2(2) 

10.3(2) 
6.2(2) 
4.2(2) 
5.5(2) 
7.4(2) 
4.9(2) 
4.9(2) 
3.0(2) 
3.0(2) 
4.6(2) 
4.8(2) 
5.5(2) 
6.0(2) 

Anisotropically refined atoms are given in the form of the equivalent isotropic displacement parameter defined as I/,[a2at2BI I + b2bS2B22 + C ~ C * ~ B J J  
+ 2 a b ( w  y)a*b*B12 + 2ac(cos B)a*c*BI3 + 2 b c ( w  a)b*c*B23]. 

the metal atom positions in the initial stages of the refinement, but this 
1:1 constraint was later lifted. The final difference Fourier contained 
several small 'ghost" peaks in close proximity to the heavy atoms, but 
no effort was made to correct for this problem. The composition of the 
hybridmetalatom, 53.8(7)% Moand46.2(7)% W,in thefinalrefinement 
is in reasonable agreement with the alP(lHj NMR spectrum of a solution 
of the crystals, which indicated the presence of ca. 5% MdMoBr,-  
(PMe,Ph),. The final refinement factors after convergence are listed in 
Table I. Table IV contains positional and thermal parameters. Selected 
bond distances and angles are given in Table V, and an ORTEP drawing 
is shown in Figure 2. 

Results md Disemsioa 
Sptaeses. Synthesis of WLWBr,(cc-dppm), (1). The syn- 

thesis of WLWBr,(~-dppm), is straightforward and procetds in 
toluene at room temperature. Prior to this, all reported prep- 
arations were done in THF at low temperature, and only one 
other quadruply bonded ditungsten complex with bidentate 
phosphine ligands had been synthesized in a one-step 
p r e p a r a t i ~ n . ' + ~ ~ J ~  TheuseofNaBEt3H torcduce W(V) to W(I1) 
is a clean, relatively fast procedure since the reaction mixture is 
homogeneous, unlike the reaction with Na/Hg as the reducing 
agent. Since boranes and NaX where X = C1 or Br are the 
byproducts of the reaction, the product does not have to be soluble 
in the reaction mixture in order to allow easy separation as in the 
case where Na/Hg is the reducing agent. NaBEt3H is com- 

(15) Fryzuk, M. D.; Kreiter. C. G.; Sheldrick, W. S. Chrm. Be?. 1989, 122, 
851. 

mercially available as a 1 M solution in a variety of solvents and 
is easy to measure and transfer. 

TheuseofNaBEt3H at room temperaturein toluene isa general 
synthetic route and can be used in the direct synthesis of 
WLW complexes with either monodentate or bidentate phos- 
phine ligands. In contrast, attempts to synthesize WLWBr,- 
(p-dppm)2directlyinTHFat -60 OCfailed,although thesyntheses 
of W2X4L4 where L = PMe3, PMe2Ph, or PPh2Me and X = C1 
or Br proceed in both toluene at room temperature and THF at 
-60 OC. Since the synthesis of quadruply bonded ditungsten 
compounds p r d s  straightforwardly in toluene, the thermally 
sensitive intermediate Na4(THF),W2Cls is not the only pathway 
available in the synthesis of these compounds.16 

The low temperature syntheses in THF that have been used 
to prepare 3-6 are similar to the preparative route of Schrock, 
except for the change in the reducing agent from Na/Hg to 
NaBEt3H, but it is much easier to isolate the final product since 
the reaction mixture does not have to be separated from amal- 
gam.6 Neither Na/Hg nor hydrides other than NaBEt3H have 
been investigated as reducing agents at room temperature in 
toluene. The use of other solvents, such as benzene, with NaBEt3H 
as the reducing agent in the preparation of these compounds has 
also not yet been attempted. 

The major difference between the syntheses of the 
WLWBr, and the WLWCl, cores is the starting material, 

(16) Cotton, F. A.; Mott, G. N. J .  Am. Chcm. Soc. 1W2, 104, 6781. 
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Table 111. Selected Bond Lengths (A) and Angles (deg) for 
W-?-WBr,(p-dppm)," 

Bond Lengths 
W(l)-W(2) 2.2632(9) P(l)-C(121) 1.84(1) 
W( 1 )-Br( 1) 2.507(3) P( 2)-C( 204) 1.89(2) 
W( 1)-Br(2) 2.520(3) P(2)-C(211) 1.82( 1) 
W( 1 )-P(l) 2.53 5(  6) P(2)-C(22 1 ) 1.83(1) 
W(l)-P(2) 2.586(6) P(3)-C( 103) 1.82(2) 
W(2)-Br(3) 2.521(3) P(3)-C(311) 1.85(1) 
W(2)-Br(4) 2.524(3) P(3)-C(32 1 ) 1.84( 1) 
w w p ( 3 )  2.598(7) P(4)-C(204) 1.82(2) 
w(2 ) -~ (4 )  2.516(6) P(4)-C(411) 1.83(1) 
P( I)-C( 103) 1.80(2) P(4)-C(421) I .83( 1) 
P( I)-C( 1 11) 1.76(1) 

Bond Angles 
W(2)-W(l)-Br(l) 108.39(7) W(l)-P(l)-C(121) 123.4(4) 
W(2)-W(l)-Br(2) 104.19(7) C(103)-P(l)-C(111) 107.9(7) 

Br( 1)-W( 1)-Br(2) 147.28(9) W(I)-P(2)-C(204) 105.3(6) 
Br(1)-W(1)-P(1) 91.6(1) W(l)-P(2)4(211) 115.9(4) 
Br(l)-W(l)-P(2) 81.8(1) W(I)-P(2)-C(221) 125.5(5) 
Br(2)-W(l)-P(l) 83.1(1) C(204)-P(2)-C(211) 104.1(7) 
Br(2)-W(1)-P(2) 96.7(1) C(204)-P(2)-C(221) 106.1(7) 

W(I)-W(2)-Br(4) 109.00(7) W(Z)-P(3)-C(311) 117.7(5) 

Br(3)-W(2)-Br(4) 145.9(1) C(103)-P(3)-C(321) 105.7(7) 
Br(3)-W(2)-P(3) 95.8(2) C(311)-P(3)-C(321) 98.5(6) 
Br(3)-W(2)-P(4) 83.0(1) W(Z)-P(4)-C(204) 108.0(6) 
Br(4)-W(2)-P(3) 81.3(2) W(Z)-P(4)-C(411) 113.6(5) 
Br( 4)-W (2)-P( 4) 89.4( 2) W (2)-P( 4)-C(42 1 ) 1 26.5 (4) 

W(2)-W(l)-P(l) 93.9(1) C(103)-P( l)-C( 121) 103.1(7) 
W(2)-W( l)-P(2) 98.1 (1) C( 11 1)-P( l)-C( 121) 103.3(6) 

P( 1)-W( 1)-P(2) 167.7(2) C(21 l)-P(Z)-C(221) 97.9(6) 
W( I)-W(2)-Br( 3) 104.90(7) W(2)-P(3)-C( 103) 101.6(6) 

W( l)-W(2)-P(3) 101.1 (1) W(2)-P(3)-C(32 1) 126.8(5) 
W( l)-W(2)-P(4) 97.1 (1) C( 103)-P(3)-C(3 11) 104.2(7) 

P( 3)-W(2)-P(4) 1 6 1.4(2) C(204)-P(4)-C(4 1 1 ) 103.8 (8) 
W( 1)-P( 1 )-C( 103) 107.8( 6) C( 204)-P(4)-C(421) 102.8(7) 
W(1)-P(1)-C(ll1) 110.4(5) C(411)-P(4)-C(421) 99.6(6) 

Numbers in parentheses are estimated standard deviations in the 
least significant digit. 

Cotton et al. 

Figure 1. ORTEP drawing of the core of WqWBr,(p-dppm),. Ther- 
mal ellipsoids are drawn at 50% probability. 

WBrS. It is also noteworthy that while WCl, and WBrS may be 
used in thedirect synthesis of quadruply bonded complexes, there 
is no indication yet that quadruply bonded compounds can be 
synthesized directly from WC16.6J7 

Synthesis of W Z B ~ ~ ( P M ~ ~ P ~ ) ~  (5) and W2Br4(PPh2Me)4 (6). 
In contrast to the synthesis of 1, the synthesis of the 
WLWBr, core with monodentate phosphine ligands proceeds 
both in toluene at room temperature and at low temperatures in 
THF with NaBEt3H as the reducing agent. WLWBr,L, type 
complexes are quite sensitive to oxidation by dioxygen and to 

(17) Agaskar,P. A.;Cotton, F.A.; Dunbar, K. R.; Falvcllo. L. R.;OConnor, 
C. J.  Inorg. Chem. 1987, 26, 4051. 

Table IV. Positional and Thermal Parameters for Non-Hydrogen 
Atoms of MdWBr,(PMe,Ph), 

atom X Y Z B,' A2 
MW(l)b 0.02065(4) 0.02359(2) O.OO0 1.72(1) 
Br(1) -0.0463(1) 0.05412(4) -0.1876(2) 3.20(4) 
Br(2) 0.1 152(1) 0.02617(4) 0.1957(2) 2.99(4) 
P(1) 0.1254(3) 0.0232(1) 4).1711(6) 2.8(1) 
P(2) -0.06 17(2) 0.0540( 1) 0.1653(5) 2.4 l(9) 
C(11) 0.107( 1) 0.0173(5) -0.357(2) 4.6(5) 
~ ( 1 3 )  0.202(1) -0.0016(4) -0.140(3) 4.9(5) 
C(21) -0.053(1) 0.0479(4) 0.349(2) 3.8(4) 
C(23) -0.1587(9) 0.0524(4) 0.142(2) 3.5(4) 
C(121) 0.1656(7) 0.0613(3) -0.166(1) 3.0(4) 
C(122) 0.21 19(7) 0.0692(3) -0.056(1) 4.6(5) 
C(123) 0.2400(7) 0.0986(3) -0.047(1) 5.3(5) 
C(124) 0.2220(7) 0.1201(3) -0.149(1) 6.5(7) 
C(125) 0.1758(7) 0.1121(3) -0.259(1) 5.8(6) 
C(126) 0.1476(7) 0.0827(3) -0.267(1) 6.0(7) 
C(221) -0).0408(5) 0.0944(2) 0.0140(2) 3.0(4) 
C(222) 0.0317(5) 0.1025(2) 0.1 16(2) 4.6(5) 
C(223) 0.0497(15) 0.1328(2) 0.089(2) 6.2(7) 
C(224) -0.0049(5) 0.1549(2) 0.086(2) 5.6(6) 
C(225) -0.0774(5) 0.1467(2) 0.110(2) 6.8(7) 
C(226) -0.0954(5) 0.1 165(2) 0.137(2) 5.4(6) 

Anisotropically refined atoms are given in the form of the equivalent 
isotropic displacement parameter defined as I/3[a2at2Bl + b2b*2B22 + 
c2c*,B33 + 2ab(cosy)a*b*Blz+ 2ac(cosfi)a*c*B13+ 2bc(cosa)b*c*Bz3]. 

Table V. Selected Bond Lengths (A) and Angles (deg) for 
MdWBr,(PMe,Ph)," 

Bond Lengths 
M W( l)b-MW( 1) 2.209( 1) P( I )-C( 13) 1.79(2) 
MW( 1)-Br( 1) 2.555(2) P(l)-C(121) 1.83(1) 
MW( 1)-Br(2) 2.553(2) P(2)-C(21) 1.79(2) 
MW( 1)-P( 1) 2.523(5) P(2)-C(23) 1.79(2) 
M W( 1 )-P( 2) 2.563(5) P(2)-C(221) 1.83(1) 
P(l)-C(11) 1.82(2) 

Bond Angles 
MW(1)-MW(1)-Br(1) 109.23(5) MW(l)-P(l)-C(l3) 119.3(9) 
MW(l)-MW(l)-Br(2) 105.91(5) MW(1)-P(l)4!(121) 106.3(4) 

Br(l)-MW(l)-Br(2) 144.82(7) C(13)-P( 1)-C(121) 103.8(7) 
Br(1)-MW(1)-P(1) 85.0(1) MW(l)-P(Z)-C(21) 118.3(6) 
Br(l)-MW(l)-P(2) 82.9(1) MW(l)-P(2)-C(23) 119.1(7) 
Br(2)-MW(l)-P(l) 87.7(1) MW(I)-P(2)-C(221) 107.5(5) 
Br( 2)-M W ( 1 )-P( 2) 85.6( 1) C(21)-P(2)-C(23) 102( 1) 

Hydrid metal atom composed of 53.8(7)% Mo and 46.2(7)% W. 

MW(1)-MW(1)-P(1) 104.7(1) C(ll)-P(l)-C(13) 102(2) 
MW(1)-MW(1)-P(2) 106.8(1) C(l  l)-P(I)-C(121) 103.3(8) 

P(1)-MW(1)-P(2) 148.4(1) C(21)-P(2)-C(221) l05.0(8) 
MW(1)-P(1)-C(l1) 119.7(8) C(23)-P(2)-C(221) 103.3(7) 

Numbers in parentheses are estimated standard deviations in the 
least significant digit. Hybrid metal atom composed of 53.8(7)% Mo 
and 46.2(7)% W. 

water. Evidence for this is found in the 31P(lH) NMR spectra 
of 5 and 6 which show significant amounts of WOBr2L3.l8 
Mixtures of WLWBr,L, and WOBr2L3 are very difficult to 
separate, and the presence of WOBr2L3, indicated in the 31P(lH) 
NMR spectra, may retard the formation of crystalline 
WLWBr,L,. The presence of such bulky phosphine and halide 
ligands may cause phosphine exchange or dissociation in solution 
and contribute to the difficulties in obtaining a crystal suitable 
for X-ray diffraction studies. Evidence for this behavior has been 
observed in the 31P(1H) NMR spectra. The use of a smaller 
phosphine ligand such as PMe, is being investigated. 

Synthesis of MdWBr4(PMezPh), (2) and MdWBr,- 
(PPh2Me), (7). The syntheses of MdWBr,(PMe,Ph), and 
Md-WBr,(PPh2Me)t919 are similar to those of MdWC1,- 
(PMe,Ph), and MdWCl,(PPh,Me), except for the use of 
WBr4(PPh3)2 instead of WC14(PPh3)2.11 Through ligand ex- 

(18) Cotton, F. A.; Mandel, S. K. Inorg. Chim. Acro 1992, 194, 179. 
(19) Cotton, F. A.; Favello, L. R.; Luck, R. L.; James, C. A. Inorg. Chem. 

1990, 29, 4759. 
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Table VI. Selected Torsional Angles (deg) for 
M d W  Br,(PMe2Ph)r0 

Br( 1)-MW( l)b-MW( 1)‘-P(1)‘ -5.95(13) 
Br(2)-MW( 1)-MW( l)’-P(3)’ -9.54( 12) 
P(1)-MW(1)-MW(1)’-Br(1)’ -5.95( 13) 
P(3)-MW( 1)-MW( l)’-Br(2)’ -9.54( 12) 

Numbers in parentheses are estimated standard deviations in the 
least significant digit. Hybrid metal atom composed of 53.8 (7)% Mo 
and 46.2 (7)% W. 

The average W-X distances for the complexes WiWC1,- 
(p-dppm), and WiWBr,(p-dppm), are 2.376 and 2.518 A, 
respectively. The 0.14-A increase in the W-X bond length is in 
agreement with the corresponding difference between the covalent 
radii of the two halides (0.15 A). The same increase (0.14 A) 
is observed in both the Mo-X and W-X bond lengths upon 
changing the halide from chloride to bromide, since in the 
analogous molybdenum system, the Mo-X distance increases 
from 2.394 to 2.535 A.22 

Compouad 2. Although MdWBr,(PMe,Ph), contains a 
MoWBr4 core, the structural characteristics of 2 are very similar 
to those of MdWCl,(PMe,Ph),. The metal-metal bond 
distance of 2.209(1) A is slightly longer than that of 
MdWCl,(PMe,Ph),, 2.2007(4) A. The only significant dif- 
ferences are in the M-X distance, which is 0.10 A longer in the 
bromide complex, and in the M-M-X and M-M-P angles, which 
are slightly more obtuse for the bromide complex. Such structural 
changes are expected when changing the halide from C1 to Br, 
have been reported for the MdMoX,(PMe3), series,22 and 
were also observed in the ditungsten complex reported here. One 
of the more interesting structural features is a notable twist 
between the two ends of the molecule shown in Figure 2. The 
average torsional angle of 7.75O was calculated from the individual 
angles listed in Table VI. This twist is probably due to the steric 
crowding caused by the interaction of the large bromide and 
phosphine ligands and may cause the slight lengthening of the 
MdWBr,(PMe,Ph), bond relative to that of MdWC1,- 
(PMe,Ph),. To our knowledge, there are no other examples of 
a MiM’X,L, type complex with a twisted configuration. 

Spectroscopy. 31P{1H} NMRSpectroscopy. The 31P{1H}NMR 
spectra of both 1 and 2 are very similar to those of their chloride 
analogs except for the expected halide effects. The most important 
difference between the spectrum of WLWCl,(p-dppm), and 
that of WLWBr,(p-dppm), is an upfield shift due to the change 
in halide (Cl to Br). Since all the phosphorus atoms of the dppm 
ligands are equivalent, the 31P{1HJ N M R  spectrum of 
WLWBr,(p-dppm), is a singlet. At room temperature, the 
chemical shift for WLWCl,(p-dppm), is 6 18.15 ppm, while the 
chemical shift for WLWBr,(p-dppm), is 6 15.83 ppm. A 
similar trend is observed in the analogous dimolybdenum 
complexes, where MdMoCl,(p-dppm),, MdMoBr,- 
(p-dppm),, and MdMoI,(p-dppm), have chemical shift values 
of 6 16.04 ppm, 6 14.87 ppm, and 6 12.04 ppm, respectively. 

For WiWBr,(PMe,Ph), and WiWBr,(PPh,Me),, the four 
phosphorus atoms are again equivalent, and there is a broad singlet 
for each of the compounds. The analogous chloride complexes, 
WLWCl,(PMe,Ph), and WLWCl,(PPh,Me),, have reported 
chemical shifts of 6 -1 ppm and b 2 ppm, respectively.6 However, 
both the chemical shifts and A v I p  for complexes 5 and 6 are 
temperature dependent. For example, in WLWBr,- 
(PMe,Ph), the chemical shift is 6 -4.55 ppm ( A v ~ p  = 28.51 Hz) 
at -80 OC. As the temperature is increased to -20 OC, the chemi- 
cal shift undergoes an upfield shift to 6 -5.63 ppm and the line 
narrows (Au1/2 = 13.67 Hz). Thechemical shift of W,Br,(PPh2- 
Me), occurs at 6 1.25 ppm at -100 OC, and as the temperature 
is increased, the line broadens and the peak shifts upfield. The 
lines are so broad that no tungsten satellites are observed for 
either complex. 

b 

Figure 2. ORTEP drawings of the complete molecular geometry of 
MdWBr,(PMe,Ph), (top) and the central portion viewed down the 
Mo-W axis (bottom). Thermal ellipsoids, except for carbon atoms, are 
drawn at  50% probability. 

change reactions, the compounds MdWBr,(PMe,Ph), and 
MdWBr,(PPh,Me), become versatile starting materials in the 
synthesis of other MdWBr,L, and MdWBr,(L-L), com- 
pounds. Thevariable temperature 31P{1H} NMR spectra of these 
compounds are complex, but the behavior is similar to that of the 
WLWBr, analogs. 

Structure and Bonding. Compound 1. The structure of 
WiWBr,(p-dppm),, shown in Figure 1, is of interest because it 
is the first example of a quadruply bonded ditungsten complex 
containing the WLWBr, core. Its most interesting feature is the 
eclipsed geometry since the WiWCl,(p-dppm), complex has a 
torsionalangleof 17.25O.5 Inthisrespect, 1 morecloselyresembles 
the dimolybdenum series MdMoX,(p-dppm),, where X = C1, 
Br, and I,4J2,20-22 which all have an eclipsed geometry. The 
M d M o  bond distances in MdMoCl,(p-dppm),, 
MdMoBr,(p-dppm),, and MdMoI,(p-dppm), are essen- 
tially identical, viz. 2.138(1) A, 2.138(1) A, and 2.139(1) A, 
respectively, and the WLW bond distance in WLWBr, 
(p-dppm), (2.2632(9) A) is only slightly shorter than the bond 
distance in WLWCl,(p-dppm), (2.269( 1) A).5 The slightly 
longer WLW bond distance in WLWCl,(p-dppm), is probably 
attributable to the torsion angle. 

(20) Abbott, E. H.; Bose, K. S.; Cotton, F. A.; Hall, W. T.; Sekutowski, J. 

(21) Campbell, F. L.; Cotton, F. A.; Powell, G. L. Inorg. Chem. 1985, 24, 
C. Inorg. Chem. 1978, 17, 3240. 

Ill . . . .  
(22) Bronikowski, M. J.; Dallinger, R. F.; Hopkins, M. D.; Gray, H. B.; 

Miskowski, V. M.; Schaefer, W. P.; Woodruff, W. H. J .  Am. Chem. 
SOC. 1987, 109, 408. 
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The origin of the temperature dependent behavior of the 
chemical shift in 5 and 6 is unknown, but there are several factors 
that may contribute. The bulky phosphine and bromide ligands 
may cause steric interactions in the complex. In solution, the 
phosphorus ligands may undergo exchange or dissociation causing 
an upfield shift of the observed chemical shift toward the chemical 
shift of free phosphine. Although the crystal structures of 5 and 
6 are not known, the structure of the Mo-W analog 2 has been 
determined and has a small torsional angle. The presence of a 
torsional angle causes paramagnetism that is manifested in 
temperature dependent behavior of the 31P(1H} NMR chemical 
shift.23 

For the A2BzX spin system of 2, MdWBr,(PMe,Ph),, at 
room temperature, the two sets of triplets occur at 6 11.3 ppm 
(W-P) and 6 -24.0 ppm (MwP) with Jp-p = 22 Hz and Jp-w 
= 228.5 ppm. The temperature dependent behavior of the 
chemical shifts is analogous to that observed for 5 and 6. At 
-100 OC the chemical shifts of the compound occur at 6 13.93 
ppm (W-P) and -19.29 ppm (MwP). As the temperature is 
increased, the chemical shift of the phosphorus atoms bound to 
the molybdenum center of MdWBr,(PMe,Ph), moves upfield 
and Avl/2 increases from 53.07 Hz at -100 OC to a maximum of 
171.37 Hz at -20 OC and then decreases to A v l p  = 41.91 Hz at 
50 OC. The same trend is observed for the phosphorus atoms 
bound tothe tungstencenter. In theanalogouschloridecompound 
MdWCl,(PMe,Ph),, the two sets of triplets occur at 6 17.9 
ppm and 6 -19.5 ppm, but the temperature dependence, if any, 
has not been reported.19 

For MdWBr,(PPh,Me),, (7), the two sets of triplets occur 
at 6 16.57 ppm (W-P) and 6 -16.63 ppm (Mo-P) with JP-P = 
22.7 Hzat-100 OC. Thelinesare broad,andno tungstensatellites 
are observed. The behavior of the chemical shifts with temper- 
ature is similar to that described previously for 2 and 5. However, 
as the temperature is increased, the spectra become complex and 
additional peaks appear, due, presumably, to exchange or 
dissociation processes. The expected shift is observed owing to 
the change in halide from chloride to bromide (for the chloro 
analog of 7 the data are 6 17.4 ppm (W-P) and -20.1 ppm (M-P) 

M.Mgnetic Anisotropy of the WLWBr,(p-dppm), Bond. 
The chemical shift difference observed in the 'H NMR spectrum 
for certain protons and their positions as calculated from the 
X-ray crystal structure data for complex 1 can be used to estimate 
the diamagnetic anisotropy of the tungsten-tungsten quadruple 
bond. For WLWCl,(p-dppm),, WLWBr,(p-dppm),, and 
~i-WLWCl,(dppe)~, the methods and reference frame of Cotton 
and Chen25 have been used to estimate A x  using eq 1. 

Jp-p = 24.0 HZ).', 

Cotton et al. 

Here A6 is thechange in the chemical shift of the proton relative 
to the free ligand, r is the distance of the test nucleus from the 
center of the WLW bond, and 0 is the angle between the rvector 
and the W-W axis. Table VI1 contains the observed Ars, G 
factors, and the calculated A x  for WLWCl,(p-dppm),, 
WLWB~,(p-dppm)~, and a-WAWCl,(dppe),. Estimates of 
A x  made using this method contain ambiguities concerning the 
portion of A6 which is actually due to A x  and the portions which 
may be due to ring current effects of nearby phenyl rings or 
inductive effects resulting from the phosphorus binding to the 
metal center. Using the values of A x  for the three complexes, 
an average value of -5728 X m3 molecule-' is obtained for 
the diamagnetic anisotropy of the WLW bond. For comparison, 

(23) Campbell, G. C.; Haw, J.  F. lnorg. Chem. 1988, 27, 3706. 
(24) Cotton, F. A.; Luck, R. L.; James, C. A. Inorg. Chem. 1991,30,4370. 
(25) Chen, J.  D.; Cotton, F. A.; Falvello, L. R. J .  Am. Chem. Soc. 1990,112, 

1076. 

Table VII. Diamagnetic Anisotropy for W&(L-Lh Complexes 

WiWCl,(p-dppm), HI 2.2 4.47 1.05 X -5596 

WLWBr,(p-dppm), H I  2.25 3.45 2.44 X lo2* -5372 
H2 2.2 3.24 2.25 X 10,' 

H2 2.25 4.35 1.22X IO2' 
H3 2.25 3.55 2.23 X lo2' 
H4 2.25 4.40 1.17 X IOz7 

H2 1.4 4.51 9.42 X 
a-WLWCl,(dppe), H I  2.9 3.48 2.36 X lo2' -6213 

H3 2.9 3.78 1.85 X lo2' 
H4 1.4 4.67 6.07 X lo2' 

a G = (1-3 m2 e)/3+. 

Table VIII. - I (@*)  Absorptions for MLMX,P, Compounds 
IJ2 - ' ( 8 8 ; )  abs band, nm 

X4P4 M ~ M O  M d W  WLW 
C14(PMe2Ph)4 59328 64719 674 
C14(PPh2Me)4 60O2' 6508 683 
Brd(PMe2Ph)d 614 666 682 
Br4(PPh~Me)4 623 670 689 

an average value of -6500 X 1 0-36 m3 molecule-I has been reported 
for the M d M o  bond and -5083 X 10-36 m3 molecule-l for the 
M d W  bond.253 A value of -3000 X 10-36 m3 molecule-1 
previously estimated for WLW" is unrealistically low compared 
to values for the dimolybdenum systems reported in the literature 
and values we have now determined for WLW. While it is 
difficult to be sure, the method used to obtain it seems flawed. 

It is well-known that heteronuclear organic bonds such as C - 0  
and N 4  have larger anisotropies than analogous homonuclear 
bonds C=C2' In light of this fact, one might not have been 
surprised to find the M d W  bond having a larger anisotropy 
than either the M d M o  or WLW bonds. However, there is 
little difference in the anisotropies of the M d W ,  M d M o ,  and 
W k W  bonds. 

UV-Vis Spectroscopy. The lowest energy electronic absorption 
band in the solution-state visible spectrum of WAWBr,- 
(p-dppm),, at 720 nm, can be assigned to the ' 62  --+ l(66*) 
transition. In WLWCl,(p-dppm),, the band assigned to this 
transition occurs at 737 nm.5 For the dimolybdenum system, the 
162 - '(W) transitions of the chloride, bromide and iodideanalogs 
occur at 641,654, and 709 nm respecti~ely.~ However, there are 
no torsion angles in either the dimolybdenum compounds or 
WkWBr,(p-dppm)2.43'2~20 The torsion angle of 17.25O in 
WLWCl,(p-dppm), accounts for the slight blue shift (instead 
of a red shift) upon changing the halide from CI to Br for 

- '(66*) transitions for 2-7 are listed in Table VI11 
with those of other selected compounds for comparison. A red 
shift is consistently observed upon changing the halide from 
chloride to bromide, as has been previously noted for other 
MiM'X,L, compounds.22 In MdMdX,L,,  MdW'X,L,, 
and WQW'X,L, complexes, the red shifts are 22, 19.5, and 7 
nm, respectively. 
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