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Abstract 

The vanadium(I1) halides [VCI,(H,O) ] ., and [V(H,O),]Br,, prepared from the metal and the appropriate acid, 
combine with 1,2-bis(dimethylphosphino)ethane (dmpe) and 1,2-bis(diethylphosphino)ethane (depe) in methanol 
to give [VX,(dmpe),] and [VX,(depe)-J (X=Cl or Br). The iodo complexes were obtained from [V(MeOH),]I,, 
although [VI,(depe),] was not pure. The complexes [VX,(dppe),].2thf (X=Cl or Br; dppe=1,2- 
bis(diphenylphosphino)ethane) could not be isolated from methanol, but were obtained from tetrahydrofuran 
(thf). All are typical vanadium(H) complexes, and VCl,(depe),] and [VCl,(dppe),].2thf have @uans structures. 
The V-Cl bond distances, 2.445(2) and 2.420(l) 8, respectively, are similar to that in the known complex 
[VCl,(dmpe),], but the V-P bond distances are longer’by approximately 0.06 8, and the P-V-P angles are smaller 
by c. 3”, possibly due to the steric crowding of the more heavily substituted depe and dppe ligands in the 
equatorial plane. Some new complexes [VXJPR,),] (X= Cl or Br, PR, =monotertiary phosphine, n = 2 or 3) 
were also prepared from [VX,(thf),]. 

Introduction 

We have recently described a ready synthesis of 
vanadium(U) compounds suitable to be precursors in 
further synthesis, starting from vanadium metal [l]. 
This was a necessary step in our programme to prepare 
vanadium-dinitrogen complexes, made particularly ur- 
gent by the announcement of the vanadium-containing 
nitrogenases [2] and rhe existence of ill-defined V” 
systems which fix nitrogen [3]. Our initial strategy was 
to use vanadium(U) compounds obtained by electrolytic 
reduction to prepare vanadium(I1) complexes of tertiary 
phosphines, and thence, by reduction, to bind dinitrogen, 
but the route from vanadium metal and acid has now 
proved to be more convenient. 

The literature describes complexes of V” with di- 
tertiary phosphines, [VCl,(dmpe),] [4], [VBr,(dmpe),] 
[51, and [VBr,(dippe),] -$ thf [5] (dmpe = 
Me,PCH&H,PMe,, dippe = Pr’,PCH,CH,PPr’,, 
thf = tetrahydrofuran), obtained via reduction of 
[VX,(thf),] (X= Cl or Br) in the presence of the 
phosphine. From [VCl,(dmpe),], [VX,(dmpe),] (X = 
Me, CN, SCN, etc.) were obtained by metathesis [6]. 
The reduction of [VCl,(thf),] directly does not give 
VCl,(thf), as first thought, but [V,(thf),(p-C1),]2+ [7, 

81, which has also been used to prepare vanadium(I1) 
species, such as [WH4)2(dmpe)21 [9], [V,@H&(P- 
CMwW-&l [lOI and [V,(BH,>,(CL-Cl),(~-dmpm),l 
[ 1 l] (dppm = Ph,PCH,PPh,, dmpm = Me,PCH,PMe,). 
Finally, [V(dppe),][V(CO),], is obtainable from 
[V(CO),] [12]. Clearly there is no general, simple route 
to vanadium(I1) phosphine complexes. 

On the other hand, several vanadium(II1) phosphine 
compounds are known. They are generally available 
from [VCl,(thf),], and include [VCl,(dmpe)(thf)] [13], 
[VCI,(PMe,Ph),] [14], [VCl,(PMe,Ph),].0.4thf 1151, 
[VCl,(PMe,Ph),(MeCN)] [14], [VCl,(PR,),] (R = Me, 
Et, or Pr”) 1161, [V(NCS),(PR,)(MeOH),] (R, = Me,, 
Et,, Pr”,, Bu” 3, or PhEt,) [17] and V(NCS),(depe),,,- 
(MeOH), [17]. This list excludes organometallic com- 
pounds such as cyclopentadienyl complexes, and some 
more complicated species [18]. We have extended the 
basic series to include some further phosphines. 

Results and discussion 

We used VCl, .4H,O and VBr,. 6H,O prepared from 
vanadium metal and the appropriate acid as the main 
source of vanadium(I1) [I, 191 for the range of com- 
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pounds trans-[VX,(diphosphine),] (X = Cl, Br or I; di- 
phosphine= dmpe, depe or dppe) given in Table 1. 
The iodo derivatives were prepared from [V(MeOH),]I,, 
itself obtained from VCl, .4H,O as before [20]. To 
prepare the dppe derivatives it was necessary first to 
dehydrate the chloride and bromide by reaction with 
alcohols and triethylorthoformate, followed by treatment 
with tetrahydrofuran (thf) to yield substances of the 
approximate formulation VX,(MeOH)(thf). Whatever 
their precise structures, these are useful intermediates 
in the preparation of the vanadium(II)-dppe complexes. 

Of the complexes [VX,(diphosphine),] (X=Cl, Br 
or I; diphosphine = dmpe, depe or dppe), [VCl,(depe),] 
and [VCl,(dppe),] have been structurally characterised. 
The species [V(dmpe),](BF,),, obtained from 
MH,OM(BF&> and VCl,(dppm), have yet to be 
structurally characterised. The compounds 
[VX,(diphosphine),] have the expected IR and UV 
spectra. Some spectral assignments for the complexes 
are given in Table 1, together with magnetic properties. 

No [VCL(PW,l complexes were isolated from this 
route, though we have prepared [VCl,(PMe,),] by re- 
duction of [VCl,(thf),]/F’Me, mixtures with Na/Hg. We 
have no evidence yet of N, uptake of any of these 
experiments. 

We attempted to synthesise dinitrogen and carbonyl 
complexes from [VX,(diphosphine),] by reduction with 
reagents such as sodium amalgam and potassium naph- 
thalene under the appropriate cover gas. For example, 
[VCl,(depe),] and sodium amalgam under CO (6 atm) 
yielded a yellow oil which had four bands between 
1700 and 2000 cm-’ which appeared to be due to 
v(C0). The strongest peak was at c. 1800 cm-‘. This 
does not correspond to the reported spectrum of 
[V(CO),(dmpe),] [21]. The oil could not be charac- 
terised. Similarly, reduction of [VCl,(dmpe),] with so- 
dium amalgam under dinitrogen (8 atm) yielded an oil 
which had a strong IR band at 1740 cm-l; presumably 
assignable to v(NN). However, microanalyses repeatedly 
showed negligible nitrogen content, and we were unable 
to characterise any dinitrogen complexes or their de- 
composition products. 

We now know that reduction of [VCl,(thf),] with 
sodium and catalytic quantities of naphthalene under 
N, yields cis- and truns-[V(N,),(dmpe),]- which have 
been well characterised spectroscopically in solution 
and which have IR bands at 1674 and 1791 cm-‘, and 
at 1759 cm-‘, respectively [22]. Recently, the structure 
of puns-[V(N,),(dppe),]- has been confirmed by a single 
crystal X-ray study [23]. Thesevanadium( - I) complexes 

TABLE 1. Analyses, magnetic properties and diffuse reflectance spectra of new vanadium(I1) complexes 

Complex and 
colour 

Analyses” Temp. p,trb Magnetic properties Diffuse reflectance spectra (cm-‘) 

(K) 
C H eb lo6 x0= 4A, + 9% 4Az, + q,,(F) 4Azp + +I.,p(P)” 

(“) ( cm3 mol - ‘) 

[VCL(dmpe),l 
Red-range 

[VBr,(dmpe)J 
Red-maroon 

[mAdmpe)zl 
Maroon 

PYdmpeMBF.A 
Dark red 

FL(depeM 
Blue-purple 

[VBr,(dcpe)J 
Purple 

[mAdepe)zl 
Light purple 

[VClZ(dppe),].2thf 
Yellow-green 

[~rz(dppe)J mf 
Green 

VCUdppm) 
Green 

32.7 6.6 295 
(34.2) (7.6) 90 

28.0 5.7 295 
(28.2) (6.3) 90 

24.6 5.6 295 
(23.8) (5.3) 90 

32.8 7.4 295 
(32.0) (7.2) 90 

44.6 8.7 295 
(45.0) (9.0) 90 

39.3 7.5 295 
(38.5) (7.7) 90 

36.6 7.3 295 
(33.5) (6.7)’ 90 

68.4 5.7 295 
(67.7) (6.0) 90 

62.0 5.3 295 
(62.6) (5.5) 90 

59.8 5.1 295 
(59.0) (4.7) 90 

3.7” 

3.94 4 
3.88 

3.99 3 
3.92 

3.98 -1 
4.00 

3.91 -4 
3.98 

3.86 -3 
3.91 

4.02 3 
3.96 

142OOm,b 19800s 

332 

360 

131OOm,vb 

12600m 
141OOsh 

19600s 

19600s 

406 

427 

12700m 

12300m 
11400m 

118OOm,vb 

17500s 

17600s 

17500m 27000s 

581 12ooow 

602 118OOw 

14900m,vb 

14800m,vb 
19800sh 

28000s 
24700sh 

25600sh 

28000s 
25300sh 

28600s 
25600sh 

25600s 

27400s 
24400sh 

27800s 
25000sh 

“Calculated values in parentheses. bCalculated from ~~~=2.828(~~7’)‘~ and the Curie-Weiss Law, xA-‘a(T+ 0). ‘Diamagnetic 
correction. dPositions uncertain because of background absorption increasing to higher cm-‘. eFrom ref. 4, in toluene at 25 
“C. ‘Calculated for [VI,(depe),,]: C, 36.6; H, 7.4%. 
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TABLE 4. Final atomic coordinates for non-hydrogen atoms in 
[VCl,(dppe),].2thf with e.s.d.s in parentheses 

CC225> 

Fig. 2. Molecular structure with atom numbering scheme for 
[VCl,(dppe)J ‘2thf. 

Fig. 3. Packing diagram of [VClZ(dppe),].2thf showing solvent 
molecules. 

high thermal motion also occurred for one of the two 
crystallographically independent molecules in 
[VCl,(dmpe),] leading to artificially low C-C distances 
between some of the dmpe methylene carbons [6]. 

The M-Cl and M-P distances in the complexes tram- 

[MCl,(dmpe),] (M = Ti, V, low-spin Fe, or low-spin Cr) 
[4,25] have been reported to show a decrease consistent 

Atom x Y z 

V 
Cl 

P(1) 
P(2) 
C(l) 
C(2) 
C(111) 
C(112) 
C(113) 
C(114) 
C(115) 
C(116) 
C( 121) 
C(122) 
C(123) 
C(124) 
C(125) 
C(126) 
C(211) 
C(212) 
C(213) 
C(214) 
C(215) 
C(216) 
C(221) 
C(222) 
C(223) 
C(224) 
C(225) 
C(226) 

O(l) 
C(3) 
C(4) 
C(5) 
C(6) 

0.500 
0.6690(l) 
0.4703(l) 
0.3830(l) 
0.4333(5) 
0.4331(5) 
0.3567(4) 
0.3614(5) 
0.2720(6) 
0.1759(6) 
0.1696(6) 
0.2598(5) 
0.6027(4) 
0.6864(5) 
0.7892(6) 
0.8078(6) 
0.7253(6) 
0.6227(5) 
0.2247(4) 
0.1665(5) 
0.0456(5) 

- 0.0151(5) 
0.0412(6) 
0.1616(5) 
0.4033(5) 
0.3115(5) 
0.3316(7) 
0.4402(7) 
0.5311(6) 
0.5138(5) 
0.0149(7) 

-0.065(l) 
- 0.007( 1) 
-0.112(l) 
- 0.1560(9) 

0.500 
0.4436(l) 
0.6122(l) 
0.3861(l) 
0.5318(4) 
0.4207(4) 
0.7078(4) 
0.7727(5) 
0.8379(5) 
0.8391(5) 
0.7759(6) 
0.7089(5) 
0.6794(4) 
0.6408(5) 
0.6924(7) 
0.7833(6) 
0.8220(5) 
0.7719(5) 
0.4008(4) 
0.3828(4) 
0.3932(5) 
0.4254(5) 
0.4441(6) 
0.4307(5) 
0.2513(4) 
0.1851(4) 
0.0842(5) 
0.0468(5) 
0.1102(5) 
0.2116(4) 
0.0843(6) 
0.1551(g) 
0.069( 1) 
0.105(l) 
0.153(l) 

0.500 
0.4368(l) 
0.3821(l) 
0.4068(l) 
0.2985(3) 
0.3134(3) 
0.3636(3) 
0.3034(4) 
0.2864(4) 
0.3274(4) 
0.3864(4) 
0.4051(3) 
0.3615(3) 
0.3189(4) 
0.3106(4) 
0.3454(4) 
0.3881(4) 
0.3966(3) 
0.3997(3) 
0.4643(3) 
0.4626(4) 
0.3971(5) 
0.3339(4) 
0.3343(3) 
0.4053(3) 
0.3909(4) 
0.3912(5) 
0.4051(4) 
0.4193(4) 
0.4201(4) 
0.3367(4) 
0.3102(6) 
0.4090(6) 
0.4244(7) 
0.3570(7) 

TABLE 5. Selected bond distances (A) and angles (“) for 
[VCl,(dppe),].2thf with e.s.d.s in parentheses 

V-Cl 
v-P( 1) 
V-P(2) 

P(l)-C(l) 
P(l)-C(l11) 

Cl-v-P( 1) 
Cl-v-P( 2) 
P(l)-V-P(2) 
C(l)-P(l)-C(111) 

2.420( 1) 
2.574( 1) 
2.558( 1) 
1.853(5) 
1.841(5) 

82.82(4) 
85.19(4) 
78.09(4) 
98.20(2) 

P(l)-C(121) 

P(2)-C(2) 
P(2)-C(211) 
P(2)-C(221) 

C(l)-C(2) 

C( l)-P( l)-C( 121) 
c(111)-P(1)-c(121) 
C(2)-P(2)-C(211) 
C(2)-P(2)-C(221) 
C(211)-P(2)-C(221) 

P(l)-C(ltC(2) 
P(2)-C(2)-C(1) 

1.821(5) 
1.842(5) 
1.818(5) 
1.824(5) 
1.514(8) 

106.10(3) 
101.9(2) 
106.3(2) 
100.9(2) 
103.5(2) 
115.9(4) 
114.1(l) 

with the decline in M” radii along the series. The effect 
is, however, greater for the phosphorus bonds (> 0.3 
A) than the chlorine (<O.l A). High-spin Mn” does 
not fit in to this, which is attributed to the greater 
radius of high-spin Mn” compared to low-spin Mn”. 
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