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Abstract 

The Fischer carbyne complexes [(q-C,R,XCO),WC(p-tolyl)] (R = H (1~)) (R = Me (2e)) react with H,B,Et, to afford the boryl 
substituted q3-benxyl complexes [(q-CsRsXC012W(a,1,2-q3-{a-BEt&(p-methyllbenxyll] (R = H (sb)) (R = Me Nib)). On a column 
of silica, 5b is slowly converted to the q3-benxyl complex [(q-C,H~XC0)2W(a,1,2-q3-{(p-met~yl)benzyl)] (7). Complex 5b 
crystallizes in the monoclinic space group P2,/n with a = 8.930(41, b = 14.490(8), c = 14.022(7) A, p = 98.70” and Z = 4. The 
structure was refined to R = 0.026 using 2649 unique observedOdiffractometer data. Complex 6h crystalliis in the monoclinic space 
group P2,/a with a = 16.124(3), b = 8.728(2), c = 18.190(3) A, B = 11456fl)o and Z = 4. The structure was refined to R = 0.033 
using 2864 unique observed diffractometer data. The gross structures of the two complexes are very similar, with a-BEtr-(p- 
methyl)benxyl ligands bound in an a,1,2-q3-enylic fashion to the tungsten atoms. In 6h, one of the ethyl substituents is disordered. 
In both derivatives there is a weak attractive interaction between the boron atom of the boryl group and the carbon atom of one of 
the carbonyl ligands. In solution, Sh exists as a mixture of two isomers. Extended Hiickel (EH) and Fenske-Hall (FH) 
self-consistent field (SCF) molecular orbital (MO) calculations were conducted on several model complexes, [(q- 
C,HsXCO),W(a,l,2-q3-be&I] (91, [(q-CsH,XC0)2W~a,l,2-q3~anti-l-BHx)allyl)] (101 and [(q-CsHsXCOlsW{a,l,2-q3-(anti-a- 
BH&enxyl}] (11) as well as on 5b. The bonding of the q3-beuxyl ligand to the metal was found to be similar in all cases and 
comparable with [(q-C,H,XCO),W(a,1,2-q3-allyl)]. Bonding overlap between empty n orbitals on the boryl group and two of the 
four rr* ligand group orbitals of the two CO molecules was found in 5%. 

Xey wor& Tungsten; Carbyne; Hydroboration; Structure 

1. Introduction 

The reactions of mononuclear transition metal 
alkyhdyne (carbyne) complexes with the simplest elec- 
trophile - the proton - have been studied in some 
detail [l]. It is thought that the site of kinetic attack by 
the electrophile is the alkylidyne carbon, although the 
location of the proton in the final product may be quite 
different. Depending on the steric and electronic prop- 
erties of the metal fragments the thermodynamic prod- 
ucts can be alkylidyne hydrides or carbene complexes 
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with or without agostic interactions or their follow-up 
products. These products correspond to location of the 
hydrogen atom on the metal atom, “over” the metal- 
carbon triple bond, or at the alkylidyne carbon atom 
respectively. 

Borane (BH,) and its organyl derivatives show a 
more complex reactivity, since the electrophilic attack 
is always accompanied or followed by hydride transfer 
from boron. The Fischer-type carbyne complexes [(q- 
C,R,XCO),WCR’l (R = H; R’ = Me, p-tolyl, or Ph) (1) 
(R = Me; R’ =p-tolyl (2)) react with BH, - THF (THF 
= tetrahydrofuran) to afford the ditungsten com- 
pounds [(~-C,R,XC~),WI,[CL-R’CB(H)CH,R’I (3, 4) 
[2]. Compounds 3 and 4 are analogs of the well-known 
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TABLE 2. Atomic coordinates and equivalent isotropic displacement 

parameters for 6b, where U, is defined as one third of the trace of 

the orthogonalized Qj tensor. 

TABLE 4. Selected bond angles for Sh and 6b with estimated 
standard deviations in parentheses 

c(2)-C(l)-c(6) 
c(2)-c(l)-c(7) 
c(l)-c(2)-c(3) 
Ct2)-c(3)-CX4) 
Ct3)-C(4)-CG) 
c(4)-C(5XX6) 
c(l)-c(6)-c(5) 
c(1)-c(7)-C@) 
c(7)-B(lkc(9) 
C(7)-B(l)-C(11) 

cx9)-B(1)-cx11) 
W(l)-C(13)-c(1) 
W(l)-C(14)-c(2) 
B(l)...C(13) 

W(1) 
C(l) 
c(2) 
c(3) 
c(4) 
c(5) 

c(6) 
c(7) 
c(8) 
B(1) 
c(9) 
c(10) 

C(llA) 
Ct12A) 

C(llB) 
C(12B) 
Ct13) 

o(1) 
cx14) 
o(2) 
cxl5) 
c(l6) 
c(l7) 
cx18) 

c(19) 
c(20) 
c(21) 
c(22) 
c(23) 
c(24) 

2976(l) 

3704(6) 
4490(6) 
5121(6) 

504x71 
4306(7) 
3671(7) 
2978(7) 
5730@) 
2959(U) 
3848(10) 
4177(12) 
1943(30) 
1573@3) 
2150(22) 
1257(21) 
2721(7) 
2553(6) 
3986(7) 
4561(5) 
2645(7) 
2456(7) 
1736(7) 

1500(6) 
2054(7) 

3332(8) 
2803(8) 
1221(7) 

664(7) 
1949(10) 

490) 
- 1739(12) 

- 913(12) 
- 1712(13) 
- 3207(14) 
- 403502) 
- 3317(11) 

- 95004) 
- 4002(14) 

514(17) 
1423(17) 
928(20) 
597(42) 

2105(37) 
1279(35) 
587(30) 

2067(13) 
3315(9) 
1294(U) 

2066(8) 
- 49202) 

- 1874(11) 
- 1603(13) 

- 28(15) 

66403) 
- 360(14) 

- 3424(13) 
- 2728(14) 

796(16) 
224003) 

26510) 
2129(5) 
2692(6) 
3369(6) 
35 13(6) 
2933(7) 
2304(6) 
1486(6) 
4269(7) 

1037(8) 

109X8) 
487(11) 
320(22) 

1%22) 
312(24) 

67(18) 
2139(7) 
1943(5) 
3398(6) 
3822(4) 
3748(6) 
3322(6) 
2556(6) 
2519(6) 
3276(7) 
4633(6) 
3670(7) 
1897(6) 
1877(7) 
3554(8) 

540) 
632) 
65(2) 
733) 
78(3) 
78(3) 
70(3) 
70(3) 

107(4) 

97(5) 

128(7) 
173(7) 

9904) 
151(17) 
154(20) 

120(12) 
80(3) 

llo(3) 
73(3) 
9N2) 
71(3) 
66(3) 
70(3) 
8N3) 
75(3) 

114(5) 
104(4) 
1145) 
125(5) 
126(5) 

TABLE 3. Selected bond lengths for Sb and 6h with estimated 
standard deviations in parentheses 

Bond length (& 

sib 6b 

W(l)-C(1) 2.3745) 2.3749) 

W(lNx2) 2.573(5) 

W(l)-C(7) 2.290(5) 

C(l)-C(2) 1.417(7) 

C(l)-C(6) 1.4347) 

C(l)-C(2) l&2(7) 

C(2)-C(3) 1.413(7) 

C(3)-C(4) 1.358(8) 

C(4)-C(5) 1.400(8) 

C(5)-c(6) 1.360(8) 

B(l)-C(7) 1.521(9) 

B(l)-C(9) 1.586(9) 

B(l)-CXll) 1.600(8) 

W(l)-c(13) 1.922(6) 

W(l)-c(l4) 1.952(6) 
C(13)-C(1) 1.174(6) 
C(14)-C(2) 1.159(6) 
W(l)-C(15). . . C(19) 2.275(6). . 

2.552(9) 
2.29300) 
1.450) 
1.42(l) 

1.44(l) 
1.410) 
1.350) 
1.420) 
1.330) 
1.510) 

1.60(2) 
a 

1.96(l) 
1.960) 
1.140) 
1.150) 

.2.377(6) 2.280). . .2.42(l) 

a Owing to disorder the value cannot be determined precisely. 

Bond angle (“) 

5b 6b 

115.9(5) 
121.8(5) 
121.0(5) 
121.2(5) 
118.7(5) 
122.0(5) 
121.2(5) 
130.7(5) 

124.8(5) 
116.9(6) 
116.2(5) 
170.6(5) 
176.9(5) 

2.575 

115.4(9) 
120.9(9) 
118.2(9) 

124.8(10) 
117.8(10) 
120.5(10) 
124.200) 
132.1(10) 
124.6(12) 
a 

a 

169.501) 
177.7(9) 

2.39 

a Owing to disorder the value cannot be determined precisely. 

(CO),M(q3-ally01 (M = MO or W) can exist in two 
different conformations A and B which differ in the 
orientation of the ally1 ligand with respect to the C,H, 
ring. In solution, the ero (A) and end0 (B) conformers 
are in equilibrium with one another [5]. In the crys- 
talline state, only the exe conformers were found for 
[(q-CsHsXC0)2Mo(q3-allyl)l [6al and [(T&H,) 
(CO),Mo(q3-cyclohexenyl)] [6bl. In contrast, an endo 
orientation of the q3-enyl substructures is attained in 
crystalline [(q-C5H5XC0)2M{a,1,2-q3-(p-methyl)ben- 
zyl)] (M = MO [7] or W [93>. These two complexes show 
only two CO stretches in solution [4], which rules out 
an exe-end0 equilibrium. 

As can be seen from Figs. 1 and 2, exe-like orienta- 
tions of the p-methylbenzyl ligands are adopted in 
crystalline 5b and 6b. However, the q3-enyl units are 
rotated by about 17” about the axis W-(q3-enyl) in 

Fig. 1. Molecular structure of 5b. The methyl and methylene hydro- 
gen atoms are omitted for clarity. 
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tively, there could be exe and endo orientation of the 
p-methylbenzyl ligand. 

In the low temperature ( - 80°C) 13C NMR spectrum 
of the sample of 5h, which was made up below - 90°C 
two sets of resonances were observed for the two ethyl 
groups of the boryl substituent (Table 6). This inequiv- 
alence of the ethyl groups must be caused by a hin- 
drance of rotation around the B-C(7) bond and is an 
indication of some double-bond character. 

2.2. Molecular orbital calculations 
Molecular orbital calculations were carried out (i) to 

gain insight into the preference for exe- or endo-like 
orientation of the benzyl ligands in complexes such as 
5-7 and (ii) to establish the nature of the interaction of 
the q3-(a-boryljenyl-type ligands with the [(q- 
C,H,XCO),Wl fragment. Both the shortening of the 

B-C,,1 bond and the interaction of the boron atom 
with a carbonyl carbon atom are interesting features of 
5 and 6 which have no precedent in the literature. 

The electronic structure of the complexes [(q- 
C,H,)LL’Mo(q3-ally01 (8) has been studied in some 
detail by Hoffmann’s group [12] using the extended 
Htickel technique. We conducted EH calculations for 
three model complexes [(q-C,H,XCO),W(a,l,2-q3- 
benzyl)] (91, [(q-C,H,XCO),W{a,1,2-q3-(anti-l- 
BH,)allyl]l (10) and [(q-CsH5XC0)2W{a,1,2-q3-(anti- 
a-BH,)benzyl}] (11). In all cases idealized geometries 
were assumed with the planar q3-bound ligands paral- 
lel to the plane of the carbonyl groups. A fragment 
molecular orbital approach was used. The molecules 
were uartitioned into the two closed-shell moieties 
[(q-C,H,XCO>,Wl- and [q3-ligand]+. 

' -8 

Fig. 4. Orbital correlation diagram for 9: left, [(-r&H,XCO),W]-; 
right, benzyl+. 

s 10 11 

The frontier orbitals of the [(q-C,H,XCO>,W] frag- 
ment are well known [131 and need not be reiterated 
here. Their interactions with the frontier orbitals of the 
q3-enyl ligands in the exe orientation are given in Figs. 
3-6. The general features of the orbital interaction 
diagrams for 8 and 9-11 are quite similiar. In all cases 
there is not much difference between the exe and endo 
orientations of the q3-enyl units. 

7 T ,.,, 111, M ,111,,,.. .,,,a ,111 M 1,111 XI,. 

& d% 
A (endo) a (em) 

This is because the main interaction is between the 
[(q-C,H,XCO),Wl fragment orbital lla” (mainly W 
d rL, filled for Nq-C,H,XCO),Wj-1 and the lowest 
unoccupied molecular orbitals (LUMOs) of the cationic 
q3-enyl ligands (Fig. 7) which have small (or zero [14*]) 
linear-combination-of-atomic-orbitals coefficients at 
the central carbon atoms. Despite extensive mixing of 
orbitals due to the absence of symmetry, this situation 
essentially persists over the whole series 9-11. The 
LUMOs of [l-BH,-allyl]+ and [a-BH,-benzyl]+ are 
strongly B-C r bonding. On complex formation with 
the metal-containing fragments, these orbitals become 
populated resulting in a partial boron-carbon double 

Fig. 3. Orbital correlation diagram for [(q-C,H5XCO)2W(q3-allyl)l: 
left, [(q-C5HSXCO),WJ-; right, allyI+. 

* A reference number with an asterisk indicates a note in the list of 
references. 
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-8 
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. 12 
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-8 

-10 

- 12 

-14 

Fig. 5. Orbital correlation diagram for 10: left, [(T&~H&CO)~W]- 
right, [(anti-l-BH,)allyl]]f. 

bond. This can be clearly seen in the structures of 3 
and 6b, where the distances B(l)-C(7) are considerably 
shortened (1.521(g) and 1.510) A). It also explains the 
observed high field “B NMR chemical shift [151 and 
the considerable barrier to rotation around the B(l)- 
C(7) bond. 

In 9 and 11 the tendency for bond length alternation 
within the benzyl ring is apparent from the variation in 
carbon-carbon overlap populations. 
EH and Fenske-Hall MO calculations were also car- 
ried out using the experimental geometry found for 5b. 
As expected from the different calculational methods 
the numerical results of the two calculations differ. 
The ordering of the frontier orbitals and their composi- 
tion are, however, comparable. The composition of the 
frontier molecular orbitals of 5b, as obtained from the 
FH calculation, is summarized in Table 7. 

There is some orbital overlap between the boron 
atom and the carbonyl ligand nearest to it. The total 
Mulliken overlap population between B and the carbon 
atom of this CO group is positive (0.081 (EH); 0.082 
(FH)), indicating a weakly bonding interaction. Be- 

-8 

- 10 

- 12 

- 14 

Fig. 6. Orbital correlation diagram for 11: left, [(q-C,H,)(CO),W]-; 
right, [(anti-cx-BH2)benzyl]+. 

cause of the lack of symmetry this interaction is diffi- 
cult to track down. It appears to be localized mainly in 
two orbitals, the highest occupied molecular orbital 
(HOMO) and the second-highest occupied molecular 
orbital (HOMO-2). The HOMO of 31 is mainly derived 
from the 15a’ fragment orbital of [(q-C,H,XCO),Wl 
(90% (EH) and 92% (FH)) with a small contribution of 
an empty r orbital of the organoboron ligand. The 
HOMO-2 is the bonding combination of the [(q- 
C,H,XCO),W] lla” fragment orbital (the HOMO for 
[{I-&HJ(CO)~W]-) and the LUMO of the ol-boryl- 
benzyl ligand. In a more localized view, there is bond- 
ing overlap between empty T orbitals on the boryl 
group and two of the four r* ligand group orbitals of 
the two CO molecules (the FH interfragment overlap 
populations are 0.027 and 0.022 for the two relevant 
combinations). Although the latter orbitals are empty 
without the presence of a metal, they become popu- 
lated in the complex by back donation from occupied 
metal T orbitals. Some electron density is transferred 
from a carbonyl carbon to the boron atom but is 
replenished at the carbon by increased back donation 

TABLE 7. Energies and percentage compositions of important molecular orbitals in 5b 

E (eV) Composition (%) 

W 2co C(1) C(2) C(7) B 

50 a 2T b Total r 

- 3.48 (LUMO) 29 1 18 0 1 6 1 1 
- 8.88 (HOMO) 58 0 30 0 1 0 3 3 
- 9.96 56 0 29 1 0 1 1 1 

- 11.80 20 1 3 4 6 26 9 7 
- 13.16 1 0 0 4 1 3 26 0 

a The two orbitals derived from the HOMO (50) of CO. 
b The four orbitals derived from the LUMO (2~) of CO. 
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from the tungsten atom. This slightly increases the 
metal carbon bond strength for the CO ligand involved 
in this interaction, as can be seen from the metal 
CO-carbon overlap populations (0.945 compaied with 
0.884 (EH)). 

In the literature there are several examples of donor 
acceptor interactions between carbonyl ligands and 
tricoordinated boryl compounds [ 161. However, inter- 
molecular interaction always takes place between the 
Lewis acidic bolyl group and the oxygen atom of CO, 
which is of course much more basic than the metal-co- 
ordinated carbon atom. In the specific geometric ar- 
rangement found for crystalline 5 and 6 an intramolec- 
ular B . * * 0 interaction is clearly prohibited. 

3. Experimental section 

3.1. General procedures 
All operations were carried out under an atmo- 

sphere of purified nitrogen (BASF R3-11 catalyst) us- 
ing Schlenk techniques. Solvents were dried by conven- 
tional methods. The compounds [(q-C,R,XCO), 
W(CC,H,Me-411 (R = H (1) [l7]; R = Me (2) [181) and 
tetraethyldiboraned [ 191 were prepared as described in 
the literature. NMR spectra were obtained on a Bruker 
AC 200 instrument (200.1 MHz for ‘H; 50.3 MHz for 

13C). Elemental analyses were performed by Mikroana- 
lytisches Labor Beller, Giittingen. 

3.2. Reaction of [(q-CsHs)(CO),W(CC,H,Me-4)1 (1) 
with tetraethyldiborane-6 

Tetraethyldiboraned (0.4 ml, 2.85 mmol) was added 
to a THF solution (40 ml) of 1.2 g (2.9 mmol) of 1 at 
- 20°C. The mixture was stirred at - 20°C for about 1 
h and then slowly warmed to room temperature. The 
solvent was removed from the dark-red solution under 
reduced pressure, and the residue was recrystallized 
from pentane (about 100 ml> at - 20°C to give dark-red 
crystals of [(q-C,H,XCO),W(q3-CH(BEt&H,Me- 
4)1(5b) (770 mg; 55%). Anal. Found: C, 47.95; H, 4.93. 
C,,H,,BO,W (478.04) talc.; C, 47.74; H, 4.85%. 

When 5b was chromatographed on a silica column 
(22 X 3 cm) with petrol-toluene (3 : 11, a dark-orange 
band developed. Without clear separation, the eluate 
turned from orange to red after about two thirds of the 
band was eluted. The red eluate was identified by IR 
spectroscopy as Sb. The first orange fraction showed 
IR bands at 1950 and 1867 cm-’ together with addi- 
tional bands due to 5b. Solvent was removed in uacuo 
from this fraction and the residue was recrystallized 
from petrol at - 20°C. The microcrystalline precipitate 
was washed with cold petrol and then redissolved in 

Fig. 7. Graphical representation of the LUMO of allyI+ (top left), henzyl+ (top right), [(anti-1-BH2)allyl}]+ (bottom left) and [(anti-a-BH2)-ben- 
&I+ (bottom right). 
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the same solvent. Upon cooling to -2O”C, orange 
crystals of pure 7 precipitated. 

3.3. Reaction of [(q-C,Me,)(CO),W(CC,H,Me-411 (1) 
with tetraethyldiborane-6 

Tetraethyldiborane-6 (0.2 ml, 1.4 mmol) was added 
to a THF solution (40 ml) of 640 mg (0.75 mmol) (2) at 
-50°C. The orange solution turned red when it was 
slowly warmed to room temperature. After standing at 
room temperature over night, solvent was removed 
under reduced pressure. The dry residue was redis- 
solved in petrol and filtered from a small amount of 
yellowish precipitate. Cooling to -20°C afforded [(q- 
C,Me,XCO),W(q3-CH(BEt2)CgH4Me-411 (6b) (390 
mg; 53%) as deep-orange crystals. Anal. Found: C, 
52.33; H, 6.06. CuH3,B0,W (548.17) talc.; C, 52.58; 
H, 6.07%. 

3.4. X-ray crystal structure determination of [(q- 
C~H,~~CO~,W~cy,1,2-q3-CH~B~C,H,~,~C,H,Me-4~l 
(5b) and [(q-C5Me,)(CO)2W{(r,l,2-q3-CH[B- 
CC, I&)& H4 Me-d] f6b) 

Crystals were mounted in Lindemann capillary tubes 
and transferred to a Stoe Siemens four-circle diffrac- 

tometer. Intensity data were collected at ambient tem- 
perature and corrected for Lorentz, polarization and 
absorption effects (Table 8). The structures were solved 
by the heavy-atom method and refined by full-matrix 
least-squares using all measured unique reflexions 
[20*]. All non-hydrogen atoms were given anisotropic 
thermal parameters. 

Some of the hydrogen atoms were located from 
difference Fourier maps and refined with isotropic 
atomic displacement parameters (hydrogen atoms on 
C(2) and C(7) for 6b; all hydrogen atoms on the p- 
methylbenzyl ring and on C(7) for 5b). All other hydro- 
gen atoms were input in calculated positions. 

Apparent disorder of one of the ethyl groups in 6b 
was treated with a twofold split-atom model (site occu- 
pation factors refined to 0.46 and 0.54 respectively). 
The bonds C(ll)-c(12) and C(9)-C(10) were re- 
strained to be the same length. 

The calculations were performed using the pro- 
grams SHELXS-86 and SHELXL-93 1221. Scattering factors 
and anomalous dispersion factors were taken from ref. 
23. Graphical representations were drawn with the 
~~HAKAL-88 program [24]. 

TABLE 8. Details of the crystal structure determinations of [(q-C,HsXCO)zW{a,l,2-n3-CH(BEt2)C6H4Me-4)] (Sb) and [(n-CsMe,XCO),- 
W{a,l,2-q3-CH(BEtzX:6H4Me-4)] (6b) 

Jb 6b 

Formula 
Crystal habit; colour 
Crystal size Gnm) 
Crystal system 
Space group 

a (Al 

b 6% 

c 6) 
p (“) 

v (2, 
Z 

4 
d, (g cm-‘) 
4XQ 
u(Mo Ka) (cm’) 

X-radiation, A (& 
Data collection temperature 
28 range (“1 
h/cl range 
Number of reflections measured 

Unique 
Observed [I < 20(Z)] 

Absorption correction 
Number of parameters refined 
R cobs. reflezions only) 
wR2 (w = l/[a’fF) + (A. PI2 + B. P], P = maxfF2, 0) + $F,‘) 

‘%B 

Box; orange 
0.4 x 0.4 x 0.5 
Monoclinic 

P2l/n 
8.930(4) 

14.490(8) 

14.022(7) 
98.70(4) 

1793.5 
4 
478.04 
1.770 
928 
64.5 

MO Ku, graphite monochromated; 
Ambient 
3-50 
- lO/lO, O/17,0/16 
3162 
3162 
2649 
Empirical 
237 
0.026 
0.061 
0.0254, 1.56 

Box; red 
0.3 x 0.4 x 0.4 
Monoclinic 

P2r/a 
16.124(3) 

8.728(2) 

18.190(3) 
114.56(l) 

2328.3 
4 
548.17 
1.564 
1088 
49.8 

0.71069 

3-50 
- 19/17, o/10, o/21 
4161 
4036 
2064 
Numerical 
299 
0.033 

0.098 
0.0404, 1.68 
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3.5. Molecular orbital calculations 
EH calculations were carried out with CACAO [25] 

using the wavefunctions supplied with the package. 
The weighted Wolfsberg-Helmholtz formula 1261 was 
employed. The coordinate system used was identical 
with that used by &hilling et al. [13]. The model 
complexes 9-11 were kept pseudo-octahedral with the 
cyclopentadienyl-ligand occupying three coordination 
sites and with W-C(O) angles of 90”. The distance 
from the metal to the planes of the allyl, l-BH-I,-allyl 
and a-BH2-benzyl ligandt was kept at 1.90 A. C-c 
bond distances were 1.40 A in the q-C,H, and 1.42 A 
in the q3-enyl ligands. For the carbonyl ligands, M- 
C(0) bonds were set to 1.95 A and C-O bonds to 1.15 
A. 

The iterative SCF FH procedure [27] employs the 
atomic basis functions and the molecular geometry as 
the only adjustable parameters. The Slater-type or- 
bitals ST0 basis functions used in the FH calculations 
have been developed by the Fenske group using the 
numerical Xo atomic orbital program of Herman and 
Skilman [28] in conjunction with the Xa-to-Slater basis 
program of Bursten and Fenske [29]. Exponents of 6s 
and 6p atomic orbitals for tungsten were set to 2.4. A 
value of 1.20 was used for the hydrogen exponent. 
After convergence of the SCF calculation the atomic 
basis set was transformed into a basis set of fragments 
with chemical meaning. The (ol-boryl)benzyl ligand was 
always treated as a positively charged fragment. Nega- 
tive charges were assigned to the metal-containing 
fragments ([{q-C5H5)(CO),Wl or [{q-C,H,}WI). Using 
the frozen-orbital approximation [30] the first three 
occupied and all virtual orbitals of C,H, above the e” 
level (D,,) were filled with 2.0 and 0.0 electrons re- 
spectively and deleted from the basis set transforma- 
tion. 
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