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Reactions of [W,(n-C,H,R).X,] (R = Me or Pr', X = Cl or Br)
with Lewis Bases and Synthesis of a Complex containing a
Perpendicular Bridging Iminoacyl Ligand *
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The W=W triply bonded dimers [W,(n-C,H,R),X,] (X = CI, R = Pr'1a or Me 1b; X = Br, R = Pr' 2) readily
undergo addition reactions with various Lewis bases to give the complexes [W,(n-C,;H,Me),Cl,(u-Cl),-
(dmpe)] [dmpe = 1,2-bis(dimethylphosphino)ethane],” [W,(n-CsH,R),Cl,(1-Cl),(CO),].” fac-[W[n-
C,H,Pr)Bry(CO),]," [W,(n-CsH,R),Cly(u-Cl) (u-0:1*-Bu'NC) (BU'NC)], [N(PPh,),][W,(n-C.H,R).Cl,-
(r-C)] and [W,(n-C4H,R),Cl,(u-Cl)(u-6:n2-R'CN)] (R’ = Me, Et* or Ph; R = Pr' or Me). Treatment of
the last compounds with HCI affords the p-iminoacyl derivatives trans- and cis-[W,(n-C,H,R),Cl,(u-
Cl)(u-R'CNH)].* The compounds labelled * have been crystallographically characterised.

The synthesis and reactivity of compounds containing metal-
metal multiple bonds is of considerable interest.! A feature of
many compounds in this class is their tendency to undergo
ligand-addition reactions. Here we report some reactions of the
W=W triply bonded complexes [W,(n-CsH4R),X,] (X = Cl,
R = Pr' 1a or Me 1b; X = Br, R = Pr' 2)? with Lewis bases.
Part of this work has been communicated.?

Results and Discussion

Reaction with dmpe [1,2-bis(dimethylphosphino)ethane]—
Treatment of a toluene solution of [W,(m-CsH Me),Cl,] 1b
with dmpe for 12 h caused a colour change from emerald green
to red and red crystals of [W,(n-CsHMe),Cl,(u-Cl),(dmpe)]
3 could be isolated in ca. 25% yield (Scheme 1). Compound 3
was characterised by elemental analysis, 'H and *'P-{'H}
NMR spectroscopy, and by a single crystal X-ray diffraction
analysis. Characteristing data for 3, and all the other new
compounds described herein, are given in Table 1 and will not
be discussed further except where their interpretation is not
straightforward. The molecular structure of 3 is shown in Fig. 1.
Details of the crystal structure determination have been
described elsewhere.*

The solid-state structure of complex 3 consists of a W(n-
CH ;Me)Cl, unit and a W(n-CsH,Me)(dmpe) unit linked by
two p-chloro bridges. The W(u-Cl1), W core is non-planar with a
hinge angle [CI(1)-W(1)-Cl(2) plane] to [CI(1)-W(2)-CI(2)
plane] of 116.4°. The two tungsten atoms are separated by a
distance of 3.196(1) A, suggestive of a significant degree of
metal-metal bonding. It is possible to assign a W™, represent-
ation to 3 whereby the structure can be considered to consist of
two otherwise 17-clectron fragments joined by a metal-metal
single bond. Although the metal-metal separation is relatively
long for a tungsten—tungsten single bond, it is noteworthy that
the unsupported metal-metal single bond in [W,(n-CsHjg),-
(CO)q] has a length of 3.222(1) A.®> The geometry of the
W(n-CsH Me)Cl, fragment in 3 is very similar to that found
for monomeric [W(n-CsH,Pr')Cl,],2 and that of the W(n-

* Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1992, Issue 1, pp. XX—xxv.

Non-81 units employed: atm = 101 325 Pa, cal = 4.184 J.

CH,Me)(dmpe)(u-Cl), fragment is analogous to that found for
[Mo(n-CsH,Pr)Cl,(dmpe)].6

A puckered metallacore geometry appears to be a common
feature of dinuclear species containing a cis-M,(n-C,Hjs),(u-L),
fragment. For example, the compounds [Mo,(n-CsH5s),0,(u-
0),],7 [Re;(n-CsMe,E),Cly(p-Cl1),;1,*  [Nb,(n-CsH Me),-
(CO)4(n-C1),]° and [Fe,(n-CsHs),(CO),(u-CO),] ' all pos-
sess a cis disposition of the n-CsR; rings and a non-planar
M,(p-L), core. The puckered M,(u-L), cores in [Mo,(n-
CsH;),0,(p-0),] and [Fe,y(n-CsHs)o(CO)y(n-CO),] have
been rationalised using molecular orbital calculations *' which
suggest that folding the bridging ligands away from or towards
the n-CsR s moieties maximises metal-u-ligand n overlaps, and
that the direction of folding depends on the n-donor/n-acceptor
characteristics of the bridging ligands.

The solution 'H and *'P NMR spectra of complex 3 are
consistent with the solid-state structure. Thus the 'H spectrum
shows resonances assignable to a co-ordinated dmpe ligand and
to two 1-CsH,Me moieties, only one of which shows coupling
to the 3'P nuclei of the dmpe ligand.

In contrast to the behaviour of 1b, treatment of the re-
lated quadruply bridged dimolybdenum complex [Mo,(n-
CsH,Pr),(up-Cl),] with dmpe or monodentate phosphines
leads to cleavage of the dimolybdenum dimer and compounds
analogous to 3 are not observed.!?

Reaction with Carbon Monoxide—Treatment of toluene
solutions of complex 1 with carbon monoxide (1 atm) gave
orange-brown microcrystals of [W,(n-CsH,R),Cl,(p-Cl),-
(CO),] (R = Pr' 4a or Me 4b) in near-quantitative yield. The
compounds were characterised by elemental analysis, IR and
'H and '3C NMR spectroscopy. For 4b a single-crystal X-ray
diffraction analysis was carried out. The molecular structure is
shown in Fig. 2, selected bond lengths and angles are given
in Table 2, and fractional atomic coordinates for the non-
hydrogen atoms are listed in Table 3.

The molecular structure of complex 4b is closely similar to
that of 3. Notably, however, the CO ligands of 4b favour a 1,2
mode of co-ordination to the ditungsten centre in contrast to
the 1,1 mode necessarily adopted by the chelating dmpe ligand
of 3. The W(1)-W(1B) bond length [2.9647(8) A] is somewhat
shorter than that of 3 and the hinge angle of the puckered
W(p-Cl), W core {[CI(1)-W(1)-CI(1B) plane] to [Cl(1)-W(1B)-
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Scheme 1  Reagents and conditions: (i) dmpe, toluene, 12 h, yield 25%; (if) CO (1 atm) toluene, 12 h, 90%; (iii) CO (1 atm), toluene, 12 h, 40%,; (iv)

Bu'NC, diethyl ether, 12 h, 75-80%; (v) [N(PPh;),]C], dichloromethane, | h, 80-95%;; (vi) R’CN, light petroleum (b.p. 40-60 °C), 30 min, 70-90%;
(vif) HCl (g), diethyl ether, 3 min, 85-90%; (viii) dichloromethane, 30 min, >95%, All reactions at r.t.

Fig. 1 Molecular structure of [W,(n-C;H,Me),Cl,(p-Cl),(dmpe)] 3.
Hydrogen atoms are omitted for clarity

CI(1B) plane] of 97.7°} is correspondingly more acute. These
observations may reflect the very different o-donor and n-
acceptor characteristics of the CO and dmpe ligands.

The solid-state (KBr) and solution (CH,Cl,) IR spectra of
complexes 4a and 4b show strong bands at ca. 1986 and 1954,
and 1970 and 1935 cm! respectively assignable to v(C=0). The
'H and '*C NMR spectra of freshly prepared solutions are
consistent with the solid-state structure shown in Fig. 2. They
show resonances assignable to one type of diastereotopic 13-
CsH,R moiety, and the ' *C spectra have an additional singlet at
& ca. 225 {'J(*3C-"83W) = 188 Hz, ca. 14% of total satellite
intensity, for 4a* (prepared from la and '*C-enriched carbon
monoxide)].

Fig.2 Molecular structure of [W,(n-CsH,Me),Cl,(u-Cl),(CO),] 4b.
Hydrogen atoms are omitted for clarity. The molecule lies across a
crystallographic two-fold rotation axis; atoms labelled ‘B’ are related to
their counterparts by the symmetry operator —x, v, —=

Compound 4a isomerises slowly in dichloromethane solution
to give an equilibrium mixture of 4a and a new compound in a
ca. 1:1 molar ratio (assuming the new species to be dinuclear).
Thus the 'H and 'C-{'H} NMR spectra of solutions of 4a
which have been allowed to stand for 4-5 h at room temperature
(r.t.) show an additional set of resonances assignable to fwo
types of diastereotopic 1-CsH,R ligands; the '*C spectra show
an additional two singlets assignable to CO at 6 220.1 and 2354
['J(*3*C-'8*W) = 195 and 156 Hz respectively, the satellite
pairs each having ca. 149 of total signal intensity, for the isomer
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of 4a*]. The 'H NMR data show that the total signal intensity
does not change during the equilibration process and an
elemental analysis of the isomeric mixture obtained from a
dichloromethane solution of 4a was identical (within error) to
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that obtained for the first-formed pure compound. Solutions of
the methylcyclopentadienyl complex 4bshow similar behaviour.

The solution IR spectrum of the equilibrium mixture of
complex 4a in dichloromethane shows an additional band of

Table I Analytical and spectroscopic data

Analysis® (%,

Compound Colour C H N Halide
3 Red 26.6 3.8 16.9
264) (3.7 (17.3)
4a¢ Orange-brown  27.6 2.7 18.0
(27.7)  (2.8) (18.2)
4b* Orange-brown  23.3 2.0 19.2
(23.2)  (1.99) (19.6)
5/ Yellow 20.6 1.8 399
(20.5)  (1.9) (40.3)
6a“ Red-purple 355 45 3.1 223

351) 45 Gl (220

6b" Red-purple 317 38 33 17.2
BL7 (398 (3.4) (17.2)
Ta Green 48.1 4.0 1.1 138

@81 (40) (L) (137

b Green/’ 47.1 3.8 1.1 14.7
47.5 (4.0 (1.1 (13.4)

8 Brown 55.1 4.2 1.4 16.2
(55.1)  (42) (1.3) (16.5)

10a Brown 285 34 18 18.1
(283) (33) (1.8)  (18.5)

10b Brown 233 235 1.6 19.5
237) (24 (20)  (20.0)

NMR*

'H:5.01,4.56 {2 x virtualt,2 x 2 H, WCl,(n-CsH,Me)}, 4.14, 4.06
[2 x tofvirtualt,2 x 2 H, J("H-3'P) 0.5, W(n-CH,Me)(dpme)],
3.79 (m, 2 H, CH,PMe,), 2.02 [‘filled-in’ d, 6 H, J('H->'P), 7.4,
PMe,Meg or PMe,Meg], 1.94, 1.89 (2 x 5,2 x 3 H, n-CsH,Me),
0.89 (m, 2 H, CH,PMe,), 0.35 [‘filled-in" d, 6 H, J('H-*!P) 74,
PMegMe, or PMegMe,]

Sp-{1H}: —28.2

'H:45.74, 5.65, 5.27, 5.18 (4 x virtual g, 4 x 2 H, n-CsH,Pr), 2.75
(spt, 2 H, J 6.9, CHMe,), 1.28 (overlapping 2 x d, 12 H, J 6.9,
CHMe,)

PC-{TH}:? 2234, ['J(*3C-'#2W) 187.6, CO], 130.3 (CPr'), 104.3,
924, 86.9, 84.5 (4 x CH of n-CsH,Pr'), 28.1 (CHMe,), 22.5, 21.4
(2 x CHMe,)

'H:4 5.67, 5.55, 5.33, 5.20 (4 x virtual g, 4 x 2 H, n-C,H ,Me), 2.26
(s, 6 H, Me)

'H:95.72,5.67 (2 x virtualt,2 x 2H,n-CsH,Pr'),3.20 (spt, 1 H, J
6.9, CHMe,), 1.34 (d, 6 H, J 6.9, CHMe,)

3C-{TH}:? 187.9 (CO), 136.0 (CPr’), 97.1, 859 (2 x CH of n-
CsH,Pr), 30.5 (CHMe,), 22.6 (CHMe,)

'H:6.30, 5.41, 5.34, 5.19, 5.07, 5.02, 4.60,4.20 (8 x virtualq,8 x 1 H,
n-CsH, Pr'), 3.06 (overlapping 2 x spt, 2 H, J 6.9, CHMe,), 1.46 (s,
9 H, u-Bu'NC), 1.33(d, 3H, J 6.9, CHMe,), 1.23 (s. 9 H, Bu'NC), 1.18,
1.15,1.03 (3 x d,3 x 3H,J 69, CHMe,)

13C: 232.2(p-6:n2-Bu'NC), 146.0 (Bu'N(C), 134.6, 134.0 (2 x CPr),
106.3, 98.2, 95.9, 92.0, 91.7, 90.8, 86.3, 86.0 (8 x CH of n-CsH,Pri),
63.7 [u-0:1%-C(CH;);NC], 57.5 [C(CH;);NC], 32.6 [s, p-o:n%-
C(CH;);NC], 30.0 [C(CH;);NC], 289, 284 (2 x CHMe,), 23.1,
22.7,21.6,21.4 (4 x CHMe,)

'H:6.13,5.24,5.13,5.10, 5.08,4.83,4.42, 437 (8 x virtualq,8 x 1 H,
n-CsH,Me), 208,201 (2 x 5,2 x 3H,n-CsH Me), 1.42 (s,9 H, p-
Bu'NC), 1.21 (s, 9 H, Bu'NC)

13C: 231.1 [p-0:m2-Bu'NC, 'J(13C-"#3W) 155.8, ca. 28%; of total
signal intensity), 146.5 (Bu'NC), 1234, 1228 (2 x CMe of n-
CsH, Me) 105.9, 100.0, 98.3,96.9,93.1,91.1, 87.6,87.5 (8 x CH of n-
CsH, Me), 63.5 [u-6:12-C(CH;);NC], 57.5 [C(CH,);NC], 32.6 [s,
u-0:n3-C(CH;);NC], 30.2 [C(CH;);NC], 160. 153 (2 x n-
CsH,Me)

'H:47.66-7.48 [m, 30 H, N(PPh,),], 6.82,6.60,5.14,493 (4 x brm,
4 x 2 H, n-CsH,Pr'), 213 (spt, 2 H, J 6.9, CHMe,), 095, 0.86
(2 x d,2 x 6H,J6.9, CHMe,)

BC-{'H}:% 1341, 1323 [2 x N(PPhy),], 130.5 (CPr), 130.0
[N(PPh;),], 1270 [d, 'J(*3*C-3'P) 107.2, ipso-C of N(PPh,),],
105.6, 99.9, 97.7, 96.0 (4 x CH of n-CsH,Pr'), 27.1 (CHMe,), 22.7,
21.7 (2 x CHMe,)

'H:4 7.65-7.47 [m, 30 H, N(PPh,),], 6.75 (overlapping 2 x br m,
4 H, n-C H,Me), 498,493 (2 x brm, 2 x 2 H, n-C;H ,Me), 3.67
(brm,4H,OCH,CH,),1.78 (brm,4H, OCH ,CH,), 1.63 (s. 6 H, Me)
'H:%¥7.45-7.20 [m, 30 H, N(PPh,),],6.78,6.72,5.12,4.93 (4 x brm,
4 x 2 H,n-CsH,Me), 1.37 (s, 6 H, n-C,H, Me)

BC-{'H}:% 132.2(CMe), 129.0, 126.4, 124.6 [N(PPh,),], 122.6 [d, J
113, ipso-C of N(PPh,),], 106.5, 100.0, 99.0, 96.3 (4 x CH of n-
CsH,Me), 8.0 (Me)

'H: 633, 560 (2 x virtual q, 2 x 1 H, n-C;H,Pr), 542
(overlapping 2 x virtual q, 2 H, n-C5H,Pr'), 5.33, 5.28, 5.20, 4.99
(4 x virtualq,4 x 1 H,CsH,Pr'),3.42(s,3 H, u-6:1*-MeCN), 3.22,
291 (2 x spt,2 x 1 H,J 69, CHMe,), 1.30-1.0(4 x d,4 x 3H,J
6.9, CHMe,)

3C-{'H}: 240.7 ['J(*3C-"¥3W) 98 (ca. 14.1%; by area), p-o:q>-
MeCN), 130.8, 130.4 (2 x CPr'), 105.4, 105.0, 103.4, 101.8, 100.8,
97.8, 90.7 (8 x CH of n-CsH,Pr', two signals overlapping), 29.2,
288 (2 x CHMe,), 26.3 (pu-0:n3-MeCN), 23.8, 23.0. 22.7. 22.4
(4 x CHMe,)

'H: 5.88, 5.65, 540 (3 x virtual q, 3 x 1 H, n-C,H,Me), 5.35
(overlapping 2 x virtual q, 2 H, n-CsH,Me). 5.20, 5.05, 4.67
(3 x virtual q, 3 x 1 H, n-CsH,Me), 3.35 (s, 3 H, p-6:n2-MeCN),
2.15,207(2 x 5,2 x 3H,n-CsH,Me)
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Table 1

(continued)

Compound Colour

11a*

11b

12a

12b

13a

13b

14a"

14b

15a

15b

Brown

Brown

Brown

Brown

Orange

Orange

Orange

Orange

Orange

Orange

Analysis? (%)
C H N Halide
244 2.6 1.6 20.05
(249) (65 (19 (19.6)
32.1 33 1.5 16.8
(323) (33 (1.6) (17.1)
29.5 24 1.7 18.5
(29.6) (2.8) (1.8) (18.4)
27.2 33 1.7 223
27.0) (3.3) (1.75)  (22.0)
223 24 1.7 23.1
(226) (24) (1.9) (23.8)
28.2 35 1.7 21.5
279 (G4 (.7 QL7
233 2.6 1.8 23.1
237y @271 (1.8) (23.35)
31.8 33 1.6 203
(3200 (3.3 (1.6) (20.5)
28.2 245 1.6 222
(283) (25 (1.7) (220
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NMR?*

'H: 6.31, 5.80, 5.48, 540 (4 x virtual q, 4 x 1 H, n-C,H,Pr"), 5.37
(overlapping 2 x virtual q, 2 H, n-CsH,Pr’), 5.24, 501 (2 x virtual
q,2 x 1 H, n-CH,Pr'), 3.82 (overlapping 2 x d of q,2 x 1 H, 2J
13.5, 3J 74, p-6: n2-MeCH,CN), 3.30, 2.90 (2 x spt, 1 H, J 69,
CHMe,), 1.18 (d, 3 H, J 6.9, CHMe,), 1.17 (t, 3 H, J 7.4, p-c:12-
MeCH,CN), 1.16, 1.11,1.07(3 x d,3 x 3 H,J 6.9, CHMe,)
3C-{'H}: 245.7 ['J(13C-'%3W) 98 (ca. 14% by area), p-o:n3-
MeCH,CN], 1329, 131.8 (2 x CPr'), 103.9, 103.5, 98.3, 98.0, 97.8,
89.3 (8 x CH of n-CsH,Pr', 2 x 2 signals overlapping), 34.5 (p-
o:1%>-MeCH,CN), 29.3, 28.7 (2 x CHMe,), 24.0, 22.7, 22.5, 22.2
(4 x CHMe,), 13.2 (p-0:17%-MeCH,CN)

'H: 5.90, 5.65, 5.51 (3 x virtual q, 3 x 1 H, n-CsH,Me), 5.37
(overlapping 2 x virtual q, 2 H, n-C;H,Me), 5.18, 5.14, 4.64
(3 x virtual q, 3 x 1 H, n-CsH,Me), 3.69 (overlapping 2 x d of q,
2J 14.2,3J 74, p-o:n>-MeCH,CN), 2.18,205 (2 x 5,2 x 3 H, -
CsH Me), 1.11 (t, 3H, J 7.4, p-o:n2-MeCH,CN)

'H: 7.89 (d 2, H, J 7.0, o-H of Ph), 7.35, (t, 2 H, J 7.6, m-H of Ph), 6.95
(t, 1 H,J 7.6, p-H of Ph), 6.45, 5.96, 5.60, 5.52 (4 x virtualq,4 x 1 H,
n-CsH,Pr'), 5.27 (overlapping 2 x virtual q, 2 H, n-C,HPr'), 5.13,
493 (2 x virtualq,2 x 1 H, n-CsH,Pr?),2.92 (2 x spt,2 x 1 H, J
6.9, CHMe,), 1.19, 1.14, 1.10, 1.03 (4 x d,4 x 3 H,J 6.9, CHMe,)
B3C-{'H}:234.6 ['J(*3C-'%3W) 93 (ca. 14%, by area), p-6:1-PhCN),
135.2,134.7 2 x CPr'), 132.7, 132.6, 131.9 (ipso-, o-, m- and p-C of
Ph, two signals overlapping or obscured by solvent), 106.6, 104.8,
103.4, 102.1, 99.4, 99.1, 97.2, 88.9 (8 x CH of n-CsH,Pr), 29.2,
285 (2 x CHMe,), 24.1, 22,6, 219 (4 x CHMe,, two signals
overlapping)

'H:7.82(d,2 H,J7.2,0-H of Ph), 7.32 (t,2 H, J 7.4, m-H of Ph), 6.94
(t,1H,J 7.4, p-H of Ph), 598, 5.67, 5.60, 5.46 (4 x virtualq,4 x 1 H,
n-CsH,Me), 5.30 (overlapping 2 x virtual q, 2 H, n-CsH,Me), 5.12,
4.61 (2 x virtualq,2 x 1 H,n-CsH,Me), 2.19,1.98 (2 x 5,2 x 3 H,
Me)

'H:' 11.20 (br s, 1 H, u-MeCNH), 6.44 (virtual q, 1 H, n-CsH,Pri),
6.20 (overlapping 2 x virtual q, 2 H, n-CsH,Pr'), 6.12, 6.07, 5.77,
5.65 5.33 (5 x virtual q, 5 x 1 H, n-C;H,Prf), 3.65 (s, 3 H, p-
MeCNH),3.09,291 (2 x spt,2 x 1 H,J6.9,CHMe,),1.28(d3,H,J
6.9, CHMe,), 1.25 (overlapping 2 x d,6 H, J 6.9, CHMe,), 1.18 (d, 3
H, J 6.9, CHMe,)

3C-{'H}:' 141.7 (0-MeCNH), 137.5, 132.7 (2 x CPr'), 113.2, 112.6,
106.7, 104.5, 98.7, 98.2, 95.7. 94.7 (8 x CH of n-C,H,Pr'), 28.3, 27.5
(2 x CHMe,), 27.1 (n-MeCNH), 22.5, 22.2, 21.5, 21.3 (CHMe,)
TH:*™ 11.17 (brs, 1 H, u-MeCNH), 6.31 (virtual g, | H, n-CsH,Me),
6.16 (overlapping 2 x virtual q, 2 H, n-C;H,Me), 6.03, 5.94, 5.67,
5.61, 5.35 (5 x virtual q, 5 x 1 H, n-CyH,Me), 3.56 (s, 3 H, p-
MeCNH), 2.34,2.24 (2 x 5,2 x 3 H, n-CsH Me)

'H:'11.35(brs, 1 H, p-EtCNH), 6.42, 6.24,6.20, 6.15, 6.09, 5.73, 5.70,
5.30(8 x virtualq,8 x 1 H,n-CsH,Pr'), 4.41 (overlapping 2 x d of
q, 2 H, 2/ 9.2, 3/ 80, p-MeCH,CNH), 3.07,2.90 (2 x spt,2 x 1 H,
J 69, CHMe,), 1.27-1.14 (overlapping 4 x d + t, 15 H, CHMe, +
n-MeCH,CNH)

13C-{IH}:' 141.6 (u1-MeCH,CNH), 137.1, 1329 (2 x CPr'), 133.5,
112.7, 105.9, 104.2,98.9,97.3,96.2,94.5 (8 x CH of n-CsH,Pr’), 30.8
(u1-MeCH,CNH), 28.2, 274 (2 x CHMe,), 22.3, 22.1, 21.6, 21.5
(4 x CHMe,), 15.4 (u-MeCH,CNH)

'"H:"™ 11.40 (brs, 1 H, p-EtCNH), 6.38 (virtual q, 1 H, n-CsH,Me),
6.21 (overlapping 2 x virtual q, 2 x 1 H, n-C;H,Me), 6.10, 6.01,
5.75, 5.68, 5.37 (5 x virtual q, 5 x 1 H, n-C;H,Me), 4.42, 428
2xdofq 2x1H, 295, 3J 80, p-MeCH,CNH), 2.37, 2.25
(2 x 5,2 x 3H,n-CsH,Me), 2.05 (t 3, H, J 8.0, n-MeCH,CNH)
'H:'11.96 (brs, 1 H, p-PhCNH), 7.39 (m, 3 H, C¢H,CNH), 7.35 (m,
2 H, C,HsCNH), 6.49 (overlapping 2 x virtual q, 2 H, n-CsH,Pr'),
6.30 (virtual q, 1 H, n-CH,Pr), 5.89 (overlapping 2 x virtualq,2 H,
n-CsH,Pr), 575, 5.58, 5.42 (3 x virtual q, 3 x 1 H, n-CsH,Pr'),
293,282 (2 x spt, 2 x 1 H, J 6.9, CHMe,), 1.20, 1.17, 1.14, 0.79
(4 x d, 4 x 3H,J69, CHMe,)

13C.{'H}:' 1424 (u-PhCNH), 140.5 (C4H,CNH), 134.8, 1324
(2 x CPr'), 128.9,128.1,126.2(3 x CcH,CNH), 112.2, 110.7, 108.5,
105.3, 100.3, 100.0, 97.4, 94.8 (8 x CH of n-CsH,Pr), 28.2, 27.6
(2 x CHMe,), 22.4,21.9,21.8,20.0 (4 x CHMe,)

TH:4m 12,0 (brs, I H, i-PhCNH), 7.43 (m, 3 H, C,H.CNH), 7.1 (m,
2 H,C¢H;CNH), 6.45 (overlapping 2 x virtual q, 2 H, n-C;H,Me),
6.19, 597, 582 (3 x virtual q, 3 x| H, n-C;H,Me), 568
(overlapping 2 x virtual q, 2 H, n-CsH,Me), 5.49 (virtual g, | H, n-
CsH Me), 2.28,2.18 (2 x 5,2 x 3 H, Me)
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Table 1 (continued)

Analysis? (%)
Compound Colour C H N Halide
16a° Purple 27.1 33 1.7 21.7

(27.0) (3.3) (1.75)  (22.0)

16b Purple 26 24 1.8 20.55
(226) (4 (19  (238)

17a° Purple 27.6 34 1.7 21.5
279y (349 (1.7) (21.7)

17b° Purple 23.7 26 1.75 229
237y @7 (1.8) (23.35)

18a® Purple 31.8 33 1.6 20.3
(32.0) (3.3) (1.6) (20.5)

18b? Purple 26.7 24 1.5 27.6
(26.9) (2.5) (1.6) (27.8)
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NMR?

'H:? 6.20 (br m, 2 H, n-CsH,Pr'), 5.89 (br s, 1 H, p-MeCNH), 5.73,
5.17,4.78 3 x brm, 3 x 2 H,n-CsH,Pr’), 3.91 (s, 3 H, p-MeCNH),
3.52 (spt, 2 H, J 6.9, CHMe,), 145, 1.38 (2 x d, 2 x 6 H, J 6.9,
CHMe,)

13C-{'H}:? 141.0 [*J(*3C-"83W) 34 (ca. 26%, by area), p-MeCNH],
134.8 (CPr'), 114.6, 105.7, 100.4, 98.8 (4 x CH of n-CsH,Pr), 28.1
(CHMe,), 27.2 (u1-MeCNH), 22.5, 21.5 (2 x CHMe,)

1H: "™ 9.54 (brs, 1 H, p-MeCNH), 5.99, 5.95, 5.50, 5.47 (4 x br m,
4 x 2 H, n-CsH,Me), 3.71 (s, 3 H, p-MeCNH), 2.53 (s, 6 H, n-
C;H,Me)

1H:46.20,6.03 (2 x virtualq,2 x 2 H,n-CsH,Pr'),5.89 (brs, 1 H, p-
EtCNH), 5.19, 4.87 (2 x virtual g, 2 x 2 H, n-CH,Pr'), 462 (q,
2H,J75, p-MeCH,CNH), 3.51 (spt, 2 H, J 6.9, CH Me,), 1.42, 1.37
(2 xd,2 x 6H,J69, CHMe,), 1.36 (t,3 H, J 7.5, p-MeCH,CNH)
B3C-{'H}:? 1419 ['J(*3C-'83W) 34 (ca. 267, by area), p-EtCNH],
135.2 (CPr'), 114.3,104.8,97.6,96.4 (4 x CH of n-CsH,Pr'), 33.7 (u-
MeCH,CNH), 27.8 (CHMe,), 22.8, 214 (2 x CHMe,), 14.1 (p-
MeCH,CNH)

'H:96.07,5.95(2 x virtualg,2 x 2H,n-CsH,Me),5.89 (brs,1 H, p-
EtCNH), 5.15, 5.02 (2 x virtual g, 2 x 2 H, n-C;H,Me), 4.61 (q,
2 H,J7.5, p-MeCH,CNH), 2.69 (s, 6 H, n-CsH, Me), 1.32 (t, 3H, J
7.5, »-MeCH,CNH)

'H:' 10.40 (br s, 1 H, p-PhCNH), 7.30 (overlapping d and t, 3 H, o-
and p-H of Ph), 6.95 (t, 2 H, J 7.4, m-H of Ph), 6.05, 5.76, 5.71, 5.68
(4 x virtual q, 4 x 2 H, n-CsH,Pr'), 3.30 (spt, 2 H, J 6.9, CHMe,),
1.28,1.21(2 x d,2 x 6 H,J 6.9, CHMe,)

13C-{'H}:' 148.4 (u-PhCNH), 137.0 (ipso-C of Ph), 135.0 (CPr),
126.7, 126.6, 126.0 (0-, m- and p-C of Ph), 114.2, 106.7, 101.0, 99.9
(4 x CH of n-CsH,Pr'), 27.6 (CHMe,), 22.7, 21.7 (CHMe,)

'H:*™ 10.35 (brs, 1 H, p-PhCNH), 7.26 (overlappingd and t, 3 H, o-
and p-H of Ph), 6.96 (t, 2 H, J 7.9, m-H of Ph), 5.86, 5.82, 5.74, 5.64
(4 x virtual q,4 x 2 H,n-CsH,Me), 2.47 (s, 6 H, Me)

“ Calculated values given in parentheses; halide = Cl or Br as appropriate. ® At 25 °C in [?Hg]benzene unless stated otherwise. Data given as:
chemical shift (8), multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, spt = septet, m = multiplet, br = broad), relative intensity,
coupling constant (in Hz) and assignment; for virtually coupled multiplets the apparent coupling constant is not given. For 'H NMR spectra J refers
to the '"H-'H coupling constant unless otherwise stated. ¢ v/cm '(KBr)(C=0) 1969, 1934 or 1986, 1954 (CH,Cl,). * In [*H¢]dichloromethane.
¢ yv/em (C=0)KBr) 1970, 1943 and 1908. / v/cm '(C=0)(KBr) 2091 and 2051. ¢ v/em~'(C=N)KBr) 2193 and 1591. * v/cm~'(C=N) 2188 and 1585.
i At 203 K./ Analysis for 7b-thf. * The oily solid was always contaminated with varying amounts of solvent. ' In [2H¢]dimethyl sulfoxide. ™ At 303 K.
" v/em ' (N=H)KBr) 3118. ° v/cm™ {(N-H)(KBr) 3342. 7 v/jem '(N-H)(KBr) 3344. 7 v/em™'(N-H)(KBr) 3119.

Table 2 Selected bond lengths (A) and angles (°) for [W,(n-CsH,-
Me),Cl,(p-C1),(CO),] 4b with estimated standard deviations (e.s.d.s) in
parentheses *

W(1)-W(1B) 29647(8)  W(1)-CKI) 2.446(4)
W(1)-CI(1B) 2.513(4) W(1)-CI(2) 2.444(5)
W(1)-C(1) 1.99(2) O(1)-C(1) 1.11Q2)
W(1)-Cpeen 1.98

C(1)-W(1)-W(1B) 5434(9)  CKIB)}-W(IB)-W(1) 52.24(9)
CI(1)-W(1)-CI(1B)  74.8(2) CI(2-W(1)-W(1B)  94.3(1)
CI2-W(1)-CI(1)  80.6(2) CI(2-W(1)-CI(1B) 146.1(1)
C(1)-W(1)-W(1B)  81.8(6) C()-W(1)-CI(1) ~ 133.2(6)
C(1)-W(1)-CI(1B)  91.8(6) C(1)-W(1)-CI(2) 88.3(6)
W(D)-CI()-W(1B)  73.4(1) O(1)-C(1)-W(1)  170.2(19)
CPoon~W(1)-C(1)  106.8 CPeur-W(1)-CI(2)  105.2
CPp...mW(D-CI(1)  120.0 CPeon-W(1)-CI(1B) 107.3

[W(1)-Cl(1)-CI(1B) plane] to [W(1B)-CI(1)-CI(1B) plane] 97.7°
* CPeen, refers to the computed n-CsH,Me ring centroid.

medium intensity at 1882 cm™!, possibly indicative of a semi-
bridging carbonyl ligand. The NMR data for the isomer of the
13C-enriched 4a* however (see above), suggest that the CO
ligands of the second isomer are both predominantly terminally
bound since only one set of '83W satellites is observed whose
intensity is of the incorrect magnitude for an atom bonded
symmetrically to two W atoms. It was not possible to separate
the two isomers of 4a and 4b by fractional crystallisation and the
identity of the second isomer remains uncertain.

Table3 Fractional atomic coordinates for the non-hydrogen atoms of
[W,(n-CsH Me),Cl,(p-Cl),(CO),] 4b with e.s.d.s in parentheses

Atom X ¥ z

Ww(l) 0.069 89(3) 0.025(1) 0.148 03(4)
CI(1) —0.096 5(3) 0.201(1) 0.068 0(4)
Cl(2) —0.0539(4) —0.163(1) 0.249 8(5)
o(1) 0.156(1) —0.339(2) 0.055(2)
C(1) 0.125(2) —0.203(3) 0.076(2)
C(2) 0.247(1) 0.058(4) 0.245(2)
C(3) 0.204(1) —0.047(2) 0.340(2)
C4) 0.132(1) 0.053(4) 0.402(2)
C(5) 0.130(1) 0.233(3) 0.348(2)
C(6) 0.199(1) 0.239(3) 0.249(2)
C() 0.068(2) 0.398(3) 0.386(3)

In contrast to the reaction of complex 1 with CO to give
dinuclear products, toluene solutions of the bromide-supported
analogue [W,(n-CsH,Pr'),Br,] 2 react with CO to give the
mononuclear derivative fac-{ W(n-CsH,Pr')Br;(CO),] 5 as the
only isolable product in ca. 409, yield. Compound 5 was
characterised by elemental analysis, IR and 'H and '*C NMR
spectroscopy, and by a single-crystal X-ray diffraction analysis.
The molecular structure is shown in Fig. 3, selected bond
lengths and angles are given in Table 4, and fractional atomic
coordinates for the non-hydrogen atoms are listed in Table S.

Compound 5 exists as a monomer in the solid state. If the
n-CsH,Priligand is considered to occupy a single co-ordination
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Fig. 3" Molecular structure of [W(n-CsH,Pr')Br,(CO),] 5. Hydrogen
atoms are omitted for clarity

Table 4 Selected bond lengths (A) and angles (°) for [W(n-CsHPri)-
Br;(CO),] 5 with e.s.d.s in parentheses *

W-Br(1) 2.5918(8) W-Br(2) 2.6350(8)
W-Br(3) 2.6114(9) W-C(1) 2.046(9)
W-C(2) 2.037(9) O(1)-C(1) L12(1)
002)-C2) 1.14(1) W-CPeen: 2.00
Br(2)-W-Br(1)  81.27(3) Br(3)-W-Br(1)  86.01(3)
Br(3)W-Br(2)  82.08(3) C(1)-W-Br(l)  83.2(2)
C(1)-W-Br(2)  71.7Q2) C(1)-W-Br(3)  152.9(2)
CQ2)-W-Br(l)  152.1(2) CQ2)-W-Br(2)  71.4(Q2)
C(2)-W-Br(3)  84.8(3) C(2)-W-C(1) 93.3(3)
O()-C()-W  179.2(7) 0(2-CQ-W  178.9(8)

CPeen—W-Br(1) 107.1
CPeen-W-Br(3) 106.8
CpeenW-C(2)  100.2

* CPeen refers to the computed n-CsH 4 Pr' ring centroid.

CPeen-W-Br(2) 167.5
CPeen=W-C(1)  100.2

Table S Fractional atomic coordinates for the non-hydrogen atoms of
[W(n-CsH,Pri)Br;(CO),] 5 with e.s.d.s in parentheses

Atom X y z

w 0.107 97(2) 0.789 41(2) 0.091 54(2)
Br(1) —0.002 71(6) 0.742 69(5) 0.218 43(5)
Br(2) 0.030 50(7) 0.641 77(6) 0.021 99(6)
Br(3) —0.066 46(8) 0.856 59(6) 0.016 42(7)
O(1) 0.251 1(6) 0.629 0(4) 0.162 7(5)
0(2) 0.199 6(6) 0.773 2(5) —0.104 1(4)
C(hH 0.200 7(7) 0.685 7(6) 0.136 9(5)
C(2) 0.166 4(7) 0.778 1(6) —0.034 0(6)
C(33) 0.210 0(8) 0.912 4(6) 0.058 1(6)
C(4) 0.276 1(7) 0.850 0(7) 0.105 1(6)
C(5) 0.231 8(6) 0.846 2(5) 0.193 2(5)
C(6) 0.144 1(5) 0.906 4(5) 0.199 9(5)
C(7) 0.129 2(7) 0.944 1(5) 0.116 0(6)
C(8) 0.087 1(6) 0.932 1(5) 0.283 4(6)
C©) —0.021 5(7) 0.980 3(6) 0.27t 5(7)
C(10) 0.167 1(8) 0.987 6(6) 0.338 6(6)

site, the molecular structure may be described as pseudo-
octahedral with two cis-Br and ¢is-CO ligands in the equatorial
plane and with the n-CsH,Pr! ring trans to a further Br ligand.
The tungsten atom lies ca. 0.54 A out of the plane containing the
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equatorial Br and CO ligands. The Cp,.,—~W-Br(2) angle
(167.5°) is substantially less than 180° with Br(2) displaced
towards the two CO ligands, presumably reflecting steric effects.

The parent compounds [M(n-CsH5)X3(CO),] (M = Mo or
W, X = Cl or Br) are well known but have not been character-
ised crystallographically.!® The IR and 'H and !3C NMR data
(Table 1) of complex 5 are consistent with the solid-state
structure and are analogous to those described previously for
the parent complexes [M(n-CsH )X ;3(CO),].

The differing reactivities of complexes 1 and 2 with CO to give
di- and mono-nuclear products respectively may be associated
in part with the differences in W-X bond lengths for X = Cl or
Br.!* Thus for a given W-X-W angle in the W,(u-X), core the
W-W bond length would be substantially longer for the
bromide than for the chloride analogue leading in turn to
diminished metal-metal bonding.

Reaction with tert- Buty! Isocyanide—Since the CO and RNC
ligands are related in their o-donor and n-acceptor character-
istics, we were interested to explore the reactivity of complex 1
towards isocyanides RNC.

Treatment of a diethyl ether solution of complex 1 with
Bu'NC for 12 h afforded purple crystals of [W,(n-CsH,R),-
Cl;(p-C(p-0:1%-Bu'NC)Bu'NC)] (R = Pr'6a or Me6b)in ca.
75-80% yield. Compounds 6 were characterised by elemental
analysis and by IR and 'H and !3C NMR spectroscopy. It was
not possible to obtain crystals suitable for a single-crystal
diffraction analysis. The analytical data for 6 are consistent with
the repeat formula {W(n-CsH,R)Cl,(Bu'NC)],. The IR spectra
show bands at ca. 2190 and 1590 cm™!, consistent with the
presence of terminal and bridging Bu'NC ligands.!® The 'H and
13C NMR spectra show resonances assignable to two types of
diastereotopic n-CsH4R moieties, and to two Bu' groups. Two
additional resonances at & ca. 232 and 146 in the '*C NMR
spectra are assigned to the terminal carbon atoms of the Bu'NC
ligands; the low-field resonance for compound 6b shows '83W
satellites of the correct intensity for a carbon atom bonded
equivalently to two tungsten atoms ['J('83W-!3C) = 155 Hz,
satellites ca. 26% of total signal intensity]. The chemical shifts
for terminal and bridging isocyanide ligands generally lie in the
range 8 140-170 and > 200 respectively.!®~!8

The '3C NMR data in Table 1 do not uniquely define the
precise mode of co-ordination of the bridging Bu'NC ligand
(shown as two possible representations A and B below). Both
modes require that the two 'J(*3C-!83W) coupling constants
are equivalent within the resolution of the ' 3C NMR experiment
(ca. 1.5 Hz). For B there is the possibility of equivalence of two
different 'J('3C~"#3W) coupling constants via a low-activation-
energy fluxional process. Mode A may not be eliminated a priori
and models for A and B have been structurally characterised
previously for isocyanide ligands bridging two metal atoms.'®-1°
Mode B may, however, be the more likely based on the
crystallographically  determined structure of [W,(n-
CH,Me),Cl;(u-Cl)(p-0:1n%-EtCN)] 11b (see below) and we
have preferred to show this structure in Scheme 1.

But But
ﬁ N
4
C o
7\ /
w w w \w
A B

The 'H NMR spectrum of complex 6a in [*Hg]toluene at
90 °C shows no evidence for exchange between the terminal and
bridging isocyanide ligands. The nature of the alkyl substituent
of the RNC ligand is crucial in determining the reaction
products with 1 since reaction with isocyanide ligands having R
other than Bu' affords only complex mixtures.

Reaction with [N(PPh;),]Cl.—Addition of 1 equivalent of
[N(PPh;),]Cl to complex 1 in dichloromethane affords the
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g

7M=W,aR=P/
bR =Me
8M=Mo,R=Me

l(ii)

Proposed Mo, intermediate

Scheme 2 Reagents and conditions: (i) for M = W, R = Pr' or Me) HCl (g), toluene, >90%; (if) (for M = Mo, R = Me) HCl (g), toluene, >90%;

[N(PPh,),]* cations for 7 and 8 are not illustrated

CK3)

Fig. 4 Molecular structure of [W,(n-CsH Me),Cl;(p-Cl)(p-0:12-
EtCN)] 11b. Hydrogen atoms are omitted for clarity

salts [N(PPh;),][W,(n-CsH,4R),Cl,(u-C1)] (R = Pri7a or Me
7b) in quantitative yields (Scheme 1). Compounds 7 were
characterised by elemental analysis and by 'H and '*C NMR
spectroscopy. The room-temperature 'H and ' 3C NMR spectra
of 7 show resonances assignable to the [N(PPh;),]" cation and
to one type of n-CsH,R moiety, the ring protons of which
appear as a pair of mutually coupled AA’BB’ virtual triplets.
However, the NMR spectra of cold (198 K) [*H,]dichlorometh-
ane solutions of 7 show resonances assignable to a single
diastereotopic 1-CsH4R ligand, the ring protons appearing as
four mutually coupled virtual quartets (an ABCD spin system)
in the '"H NMR spectrum (Table 1). On the basis of these data
we propose that compounds 7 are fluxional at room
temperature but have the chloride-bridged ground-state
structure shown in Scheme 1, analogous to that of the
structurally characterised anion [Mo,(n-CsHj;),Cl (n-Cl)]~
recently reported by Poli and Rheingold.?°

The reported NMR data for [Mo,(n-CsHj),Cly(u-C)]~
do not allow us to determine if this complex is also fluxional
since the unsubstituted n-CsH; ligand is not prochiral. We
therefore prepared the corresponding ring-substituted dimolyb-
denum species [N(PPh;),][Mo,(n-CsH, Me),Cly(u-Cl)] 8
from [Mo,(n-CsH,Me),(u-Cl),]*> and [N(PPh;),]Cl. The
NMR data for 8 show that this compound is also fluxional with
the ring protons appearing as a pair of AA’BB’ triplets at room
temperature and as four mutually coupled virtual quartets in

Table 6 Selected bond lengths (A) and angles (°) for [W,(n-CsH,-
Me),Cl,(u-Cl)(p-0:12-EtCN)] 11b with e.s.d.s in parentheses *

W(1)-W(2) 2.8986(6) W(1)-CI(1) 2.390(3)
W(1)-CI(2) 2.432(3) W(1)-N(1) 2.070(8)
W(1)-C(1) 1.98(1) W(2)-CI(2) 2421(3)
W(2)-CK3) 2.429(3) W(2)-Cl(4) 2.424(3)
W(2)-N(1) 1.948(7) N(1)-C(1) 1.30(1)
C(1)-C2) 1.49(1) C(2)-C(3) 1.51(2)
W(1)-Cpeenqry 201 W(1)-CPeenyay 200
CI1)-W(1)-W(2) 131.92(8) CU2)-W(1)-W(2) - 53.16(6)
Ci(2-W(1)}-Cl(1)  79.9(1) N(FWIR-WR2)  42.2(2)
N()-W(D)-CK1) 124.8(2) N(1)-W(1)-CK2)  76.6(2)
C(-W(1)-W(2)  79.6(3) C()-W(1)-C(1)  102.0(3)
C(1)-W(1)-CI(2)  100.4(3) C()-W(1)-N(1)  37.4(4)
CIQ-W(Q2)-W(1)  53.49(7) CIB3)-W(2)-W(1)  94.12(7)
CI(3)-W(2)-CI(2) 144.0(1) CI4)-W(2)-W(1)  93.23(7)
Cl(4-W(2)-CI(2)  83.0(1) CI(4)-W(2)-CI(3)  84.0(1)
N(1)-WQ)-W(1)  45.52) N(1)-WQ2)-Cl(2)  79.1(2)
N()-W(2)-CI(3)  88.4(2) N(1)-W(2)-Cl(4) 137.4(2)
WQ2)-CI2-W(1)  73.35(7) WQ)-N(1)-W(D)  92.3(3)
C(1)-N(1-W(1)  67.4(6) C()-N(1)-W(2) 159.4(7)
N()-C(1)-W(1)  75.2(6) CQ)-C(1)-W(1)  154.0(8)
C(2)-C(1)-N(1)  130.7(10)

* CPeenut) A0d CPeny2) refer to the computed n-C;H,Me ring centroids
for W(1) and W(2) respectively.

the low-temperature (slow-exchange) limit (203 K). It is likely
therefore that the ring-unsubstituted species [Mo,(n-CsHjs),-
Cl,(u-Cly]~ is also fluxional and that complexes 7 and 8 have
analogous ground-state structures.

The nature of the fluxional process in complexes 7 and 8 is not
well established, but the NMR data are consistent with a
mechanism which essentially involves rotation of the p-chloro
ligand around the metal-metal vector. Values for the free energy
of activation (AG?) for the fluxional process in 7a and 8 have
been determined from NMR coalescence studies since AG* =
4.573T[9.972 log,o(T./6,)] where T, is the coalescence
temperature and 8, is the frequency separation of the two
exchanging resonances in the slow-exchange limit.2! For [W,(n-
CsH,Pri),Cl,(u-Cl)]™ 7a AG* = 11.4 + 0.5 kcal mol™! (at
248 K) and for [Mo,(n-CsH Me),Cl,(u-C)]~ 8 AG* =
10.5 + 0.5 kcal mol™! (at 243 K).

The ditungsten anions [W,(n-CsH4R),Cl,(u-Ch]~ are
readily protonated on treatment with HCI gas in toluene to
afford the previously described p-hydrido derivatives [W,(n-
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Table 7 Fractional atomic coordinates for the non-hydrogen atoms
of [W,(n-CsH Me),Cly(p-Cl)(p-6:12-EtCN)] 11b with esd.s in
parentheses

Atom X v z

w() 0.885 36(5) 0.15707(4) 0.299 56(3)
W(2) 0.806 57(5) 0.32203(4) 0.146 75(3)
Cl(1) 0.767 4(5) —0.079 3(3) 0.284 2(3)
Cl(2) 0.719 9(4) 0.070 3(3) 0.095 7(2)
CI(3) 1.030 6(4) 0.526 8(3) 0.268 6(3)
Cl4) 1.036 7(4) 0.264 9(3) 0.041 6(2)
N(1) 0.737(1) 0.305 3(8) 0.290 8(7)
C(1) 0.721(1) 0.258(1) 0.378 5(8)
C(2) 0.619(1) 0.296(1) 0.473(1)
C(3) 0.597(2) 0.187(1) 0.535(1)
C(11) 1.125(2) 0.098(1) 0.413(1)
C(12) 1.180(2) 0.126(1) 0.312(1)
C(13) 1.172(1) 0.265(1) 0.324(1)
C(14) 1.112(1) 0.321(1) 0.429(1)
C(15) 1.083(2) 0.220(1) 0.480(1)
C(16) 1.239(2) 0.028(1) 0.217(1)
C(21) 0.599(2) 0.459(1) 0.145(1)
C(22) 0.524(1) 0.317(1) 0.075(1)
C(23) 0.602(2) 0.283(1) —0.022(1)
C(24) 0.727(2) 0.409(1) —0.015(1)
C(25) 0.719(2) 0.509(1) 0.084(1)
C(26) 0.545(2) 0.539(1) 0.255(1)

Fig. 5 Molecular structure of cis-[W,(n-CsH,Pr'),Cl,(u-Ch(p-
EtCNH)] 17a. Hydrogen atoms bound to carbon are omitted for clarity

CsH,4R),Cl,(u-Cl)(u-H)] (R = Pr' 9a or Me 9b) (Scheme 2)
which may also be prepared from 1 and HCI directly.??
Interestingly, the reaction of 8 with HCI returns the molyb-
denum(inr) species [Mo,(n-CsH,Me),(u-Cl),] in quantitative
yield. It is likely that this latter reaction proceeds via the
intermediate molybdenum(iv) protonated complex [Mo,(n-
CsH,Me),Cl,(u-Cl)(u-H)] which then reductively eliminates
HCL We note that although the p-dihydride derivative [W,(n-
C4H,Pr),Cl,(u-H),] reductively eliminates H, on warming in
solution,* compounds 9 appear to show no tendency to
eliminate HCL. The relative stabilities of [M,(n-CsH,R),Cl,-
(p-Cl)(p-H)] (where M = W) and [M,(n-C;H,Me),Cl,-
(1-Ch(u-H)] (M = Mo) are consistent with the accepted view
that tungsten generally supports higher oxidation states relative
to those supported by molybdenum.?3

Reaction with Nitriles R”CN.—Treatment of light petroleum
suspensions of complex 1 with an excess of P,O4-dried nitriles
R’CN (R” = Me, Et or Ph) affords the highly moisture-sensitive
complexes [W,(n-CsH,R),Cl;(u-Cl)(p-6:n%-R'CN)] (R’ =
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Me 10, Et 11 or Ph 12); R = Pr'a or Me b. Compounds 10-12
were characterised by 'H and '*C NMR spectroscopy, and for
11b a single-crystal X-ray structure determination was carried
out.

The molecular structure of [W,(n-CsHMe),Cl;(p-Cl)(p-
o:12-EtCN)] 11b is shown in Fig. 4, selected bond lengths and
angles are given in Table 6, and fractional atomic coordinates
for the non-hydrogen atoms are listed in Table 7. Compound
11b contains a W-W bond of length 2.8986(6) A bridged by a Cl
and a EtCN ligand. The EtCN moiety is bound in a ¢ fashion to
W(2) and in a dihapto (n?) fashion to W(1), with the N atom
binding more tightly to W(2) [N(1)-W(2) 1.948(7) A] than to
W(1) [N(1)-W(1) 2.070(8) A]. The N(1)-C(1) bond length
[1.30(1) A] approaches that of a N=C double bond (typical
value ca. 1.28 A) implying substantial back donation of electron
density from the dimetal centre to the vacant n* orbitals of the
p-nitrile ligand.

The 'H and '3C-{'H} NMR spectra of complexes 10-12
show resonances assignable to two diastereotopic n-CsH,4R
ligands and to a co-ordinated R’CN ligand. In addition, the
13C-{'H} NMR spectra reveal resonances for the internal
carbon atoms of the R’CN ligand at 8 ca. 240 which possess
'83W satellites (where observed) of the proper intensity for a
carbon atom bonded to one tungsten atom ['J(*3C-'83W) ca.
95 Hz; ca. 14%; of total signal intensity]. There is no evidence for
a v(C=N) absorption in the IR spectra of 10~12 consistent with
the significant decrease in C-N bond order suggested by the
lengthened C~-N bond distance. Complexes containing a p-
(:1?)-nitrile moiety have been reported previously.?*

Reaction of [W,(n-CsH,R),Cl;(u-Cl)(p-0:m2-R'CN)] with
HCI: Synthesis of cis and trans-[ W ,(n-CsH,R),Cl,(u-Cl)(p-
R’'CNH)] (R’ = Me, Et or Ph; R = Pr' or Me).—Treatment of
diethyl ether solutions of [W,(n-CsH,R),Cl;(u-Cl)(p-0:13-
R’CN)] 10-12 with HCI gas (1 atm) for a few minutes afforded
near-quantitative yields of orange solids analysing as [W,(n-
CsH,R),CL(R'CN)HCD] (R = Me 13, Et 14 or Ph 15;
R = Pr' a or Me b). Compounds 13-15 were characterised by
elemental analysis and by 'H and !3C NMR spectroscopy, and
also by comparison with the crystallographically characterised
isomer, cis-{ W »(n-CsH,Pr'),Cl,(p-Cl)(u-EtCNH)] (see below).

The 'H and '3C-{'H} NMR spectra of the compounds 13-15
show resonances assignable to two types of diastereotopic n-
CsH,R ligands and to a R’ group. An additional resonance
appears at 8 ca. 140 for all of the orange compounds. In the 'H
NMR spectra of 14 the Et group is diastereotopic. In addition,
all of the "H NMR spectra of [2H]dimethyl sulfoxide solutions
of 13-15 show a broad, low-field resonance at & ca. 11
integrating as one proton per R’ group. This latter band is
virtually absent in the *H NMR spectrum of the corresponding
isotopomer 14a-d prepared from [W,(n-CsH,Pr'),Cl;(u-Cl)-
(u-0:n%-EtCN)] 1ta and DCl gas. Furthermore, the IR
spectra of 14a—-d showed a new band of strong intensity at
2314 cm™! and the original band observed at 3118 cm™ for 14a
was much reduced in intensity.

Dissolving the orange complexes in dichloromethane for 30
min afforded the red-purple complexes cis-[W,(n-CsH,R),-
ClL(p-Ch(u-R'CNH)] (R = Me 16, Et 17 or Ph 18; R = Pria
or Me b) in quantitative yield. Elemental analyses for the
compounds 16-18 showed them to have essentially identical
empirical formulae to those of their respective precursors 13-15;
they were further characterised by IR and 'H and '*C NMR
spectroscopy. Compound 17a has been structurally character-
ised by a single-crystal X-ray diffraction analysis,® and the
molecular structure is shown in Fig. 5.

Compound 17a consists of two mutually eclipsed W(n-CsH -
Pri)Cl, fragments linked by bridging Cl and EtCNH groups. If
the n-CsH,Pr' rings are considered to occupy a single co-
ordination site and any metal-metal bond is ignored then the
compound may be described as a confacial bioctahedron. The
W-W bond length [2.9359(4) A] is substantially lengthened
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from that of [W,(n-CsH,Pr),Cl,] 1a [W=W 2.3678(6) A].2
The C-N bond length [1.405(8) A] is notably longer than those
observed for n2-RCNR’ complexes (typically 1.22-1.30 A).2*
These observations suggest extensive donation of electron
density from the tungsten centre to vacant n* orbitals of the
u-EtCNH ligand in a manner analogous to that proposed to
occur for dinuclear p-alkyne complexes.?®

The solution 'H and '3C NMR spectral data for complexes
16-18 are consistent with the maintenance of structures
analogous to that of 17a in the solid state. Thus, the '"H NMR
spectra shows resonances assignable to one type of diastereo-
topic n-CsH,R ring and to a R'CNH ligand, the N-H
resonance appearing as a broad signal at § ca. 6 (in [*H,]-
dichloromethane) or & ca. 10 (in [2H4]dimethyl sulfoxide). This
band is virtually absent for the isotopomer [W,(n-
CsH,Pr),Cl(u-Cl)(u-MeCND)] t6a-d. For the p-EtCNH
compounds 17a the H, and H,, protons of the CH,CH,H,CNH
ligand are equivalent and appear as a quartet in the '"H NMR
spectrum (Table 1). The '*C-{'H} NMR spectra show
resonances assignable to n-CsH,R and R’ moieties. An
additional singlet at 8 ca. 145, which (where observed) shows
183y satellites of the proper intensity for a carbon atom bonded
to two tungsten atoms, is assigned to the internal carbon atom
of the p-R’CNH ligand. A sharp band at ca. 3340 cm™ in the IR
spectra of 16-18 is assigned as v(N-H); the isotopomer cis-
[W,(n-CsH,Pr'),Cl,(u-Cl)(u-MeCND)] 16a-d shows a band
assignable to v(N-D) at 2486 cm™'.

From the data described above and in Table 1, the first-
formed orange (kinetic) products 13-15 are assigned the trans-
[W,(n-CsH4R),Cl(p-C)(p-R’"CNH)]  structures shown in
Scheme 1. For instance, the 'H NMR spectra of 13-15 and 16-
18 all show bands assignable to an NH resonance and the
chemical shifts of the internal quaternary carbon atoms of the
u-R'CNH ligand are similar for all of these complexes. The
lack of a molecular mirror plane perpendicular to the W-W
vector in the rrans isomers 13-15 is evidenced by the presence
of two n-CsH,R ring environments in their NMR spectra and
by the diastereotopic methylene linkage of the Et groups in
14.

Another possible interpretation of the data for the orange
compounds could be the salts [W,(n-CsH4R),Cl(p-
R’'CNH)] "Cl ™. If this were the case, then it should be possible
to synthesise other salts such as [W,(n-CsH4R),Cly(p-
RCNH)]*[BF,] . However, treatment of a toluene solution of
complex 11a with HBF, in ether (ca. 1 mol dm?) gave only a
complex mixture as shown by ‘H NMR spectroscopy.

Although the RCNR’ (iminoacyl) ligand has been found to
co-ordinate to mononuclear complexes in a dihapto fashion and
to trinuclear complexes in a 6:6:m? fashion, to our knowledge
complex 17a is the first structurally characterised example of a
p-n%:n°-co-ordinated RCNR’ ligand. The p-iminoacyl com-
plexes described here are clearly related to other perpendicular
(u-n”:n?) bridge complexes of the general type L,M(p-n?:n2-
RCX)ML, (X = CR. O, P or S).%’

Experimental

All manipulations of air- and moisture-sensitive materials
were performed using either standard Schlenk-line techniques
under an atmosphere of dinitrogen, which had been purified by
passage over BASF catalyst and 4 A molecular sieves, or in an
inert-atmosphere dry-box containing dinitrogen. Solvents were
pre-dried by standing over 4 A molecular sieves and then
distilled under an atmosphere of dinitrogen from phosphorus
pentaoxide (dichloromethane), sodium (toluene), potassium—
benzophenone [thf (tetrahydrofuran)], or sodium—potassium
alloy (1:3 w/w) [light petroleum (b.p. 40—60 °C), diethyl ether].
Deuteriated solvents for NMR studies were stored in Young’s
ampoules under an atmosphere of dinitrogen over sodium-
potassium alloy ([?Hg]benzene, [2Hg]toluene) or molecular
sieves ([*H,]dichloromethane, [?H4]dimethyl sulfoxide). The
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nitriles MeCN, EtCN and PhCN were dried by distilling from
P,O; before use; Bu'NC was used as received (Aldrich).

Proton, '*C-{'H} and 3'P-{"H} NMR spectra were recorded
on a Briiker AM 300 spectrometer, (*H, 300; 1°C, 75.5; *'P, 121.6
MHz). Spectra were referenced internally using the residual
protio solvent (H) and solvent (**C) resonances relative to
tetramethylsilane (8 0), or externally using trimethyl phosphate
in [2H,]water (3!P). All chemical shifts are quoted in & and
coupling constants are in Hz. Infrared spectra were recorded as
KBr disks or as a CH,Cl, solution in a NaCl cell using a Perkin-
Elmer 1510 FT interferometer. Elemental analyses were
performed by the analytical department of this laboratory. The
compounds [W,(n-CsH,R),X,] (X = Cl, R = Pr' or Me;
X = Br, R = Pr') were prepared as described previously.?

Preparation of [W,(n-CsH,Me),Cl,(u-Cl),(dmpe)] 3.—A
solution of [W,(n-CsH,Me),Cl,] (230 mg, 0.34 mmol) in
toluene (25 cm?) was treated with dmpe (110 mg, 0.70 mmol) in
light petroleum (6 cm?) to give a dark red solution which, on
standing (12 h), deposited dark red crystals of complex 3 and a
small quantity of a flocculent brown powder. The crystals were
isolated by decanting the brown powder and supernatant as a
slurry and washing with toluene (2 x 5 cm?®) and light
petroleum (10 cm?). Yield: 65 mg (23%).

Preparation of W ,(n-CsH,4R),Cl,(u-Cl),(CO),] (R = Prt
4a or Me 4b).—Carbon monoxide gas was bubbled through a
solution of [W,(1n-CsH,R),Cl,] in toluene (ca. 20 cm?) for 5
min at room temperature to give a red-brown solution which
was allowed to stand under an atmosphere of CO. After 12 h a
red-brown precipitate formed. The supernatant was decanted
and the residues were washed with light petroleum (2 x 10cm?)
and dried in vacuo to afford brown microcrystals of [W,(n-
CsH,Pr'),Cl,(u-Cl),(CO),] 4a. Yield: 190 mg (90%). The
complex [W,(n-CsH,Me),Cl,(p-Cl),(CO),] 4b was prepared
in a similar manner (yield: 90%).

Preparation of [W(n-CsH,Pr)Br;(CO),] 5-—Carbon
monoxide gas was bubbled through a solution of [W,(n-
CsH,Pr),Br,] (300 mg, 0.33 mmol) in toluene (ca. 20 cm?) for 5
min at r.t. to give a yellow solution which was allowed to stand
under an atmosphere of CO. After 12 h a yellow precipitate
formed. The supernatant was decanted and the residues
washed with light petroleum (2 x 10 cm?) and dried in vacuo to
afford yellow microcrystals of [W(n-CsH,Pr')Br;(CO),] 5.
Yield: ca. 40%,.

Preparation of [W,(n-CsH,4R),Cly(u-Cl)(p-o:12-Bu'NC)-
(Bu'NQO)] (R = Pr' 6a or Me 6b).—A suspension of [W,(n-
CsH,Pr'),Cl,] (200 mg, 0.27 mmol) in diethyl ether (ca. 20 cm?)
was treated with an excess of Bu'NC (2 cm? of 0.3 mol dm™
solution in toluene) at r.t. The mixture was stirred for 12 h to
give a red-purple precipitate. The supernatant was decanted
and the residues washed with light petroleum (2 x 10 cm?)
and dried in vacuo. Subsequent recrystallisation from toluene-
light petroleum afforded red-purple microcrystals of [W,(n-
CsH,Pr),Cly(u-Cl)(p-:n2-Bu'NC)(Bu'NC)] 6a. Yield: 80%.
The homologue [W,(n-CsH,Me),Cl;(u-Cl)(p-6:1n2-Bu'NC)-
(Bu'NC)] 6b was prepared by a similar route but with
recrystallisation from a mixture of diethyl ether and light
petroleum. Yield 75%.

Preparation of [N(PPh3),][W,(n-CsH4R),Cl,(p-C)] (R =
Pr 7a or Me Tb).—A slight excess of [W,(n-CsH,Pr'),Cl,] (200
mg, 0.27 mmol) and [N(PPh;),]Cl (143 mg, 0.25 mmol) were
dissolved in CH,Cl, (15 cm?) at room temperature. After 1 h the
volatiles were removed under reduced pressure. The residue was
washed with toluene (2 x 10cm?) {to remove the excess [W,(n-
CsH,Pr'),Cl,]} and light petroleum (2 x 10 cm?) and dried in
vacuo to give the analytically pure product [N(PPh;),][W,(n-
CsH,Pr'),Cl,(u-Cl)] 7a. Yield: 80%,. The complex [N(PPh,),]-
[W.(n-CsH,Me),Cly(u-Cl)] 7b was prepared in a similar
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Table 8 Crystal data, data collection and processing parameters for {W,(n-CsH,Me),Cl,(u-Cl),(CO),] 4b, [W(n-CsH,Pr')Br,(CO),] § and

[W,(n-CsH,Me),Cly(u-Cl)(p-6 : 12-EtCN)] 11b

4b
Formula C,,H,,Cl,0,W,
M 723.78
Crystal size/mm 0.20 x 0.30 x 0.55
Crystal system Monoclinic
Space group C2
a/A 12.674(3)
b/A 7.342(1)
c/A 9.495(2)
f° 90
B/ 103.07(2)
Y° 90
U/A3? 860.7
V4 2
D g cm™3 2.793
wem™! 142.8
F(000) 660
20 limits/® 2-52
o scan width (+0.35 tan0)/° 0.90
Total data collected 1098
Total unique data 913
No. of observations 867
[7 > 30(h]
R(merge) 0.053
No of variables 101
Observations, variables 8.6
Weighting coefficients 507,222
Maximum peak in final 0.82

difference map/e A-?

R 0.035
R 0.041

"R = Z|IF,] — IFJ/ZIFL " R = [Z(F| — [F)?/EIF T

s 11b
C,oH,,Br;0,W CysH,,CILNW,
576.68 722.84

0.20 x 0.30 x 0.60 Irregular
Orthorhombic Triclinic

Pbca P

12.162(2) 7.882(1)
15.061(3) 10.222(1)
15.151(3) 12.079(7)

90 106.75(6)

90 99.04(9)

90 99.14(11)
2775.3 898.7

8 2

2.76 2.67

170.5 136.7

2048 664

2-50 3-48

1.0 1.30

2875 3343

2435 2818

1687 2353

0.028 0.063

146 195

11.6 12.1

30.5, —324,204 54.1, —46.9, 38.6
0.73 1.4 1.4 A from W(1)]
0.025 0.040

0.030 0.048

manner and was recrystallised from a thf—diethyl ether mixture
as dark green microcrystals which contained one molecule of
thf per formula unit. Yield: 95%,.

Preparation of [N(PPh,),][Mo,(n-CsH Me),Cl,(p-Cl)]
8—. The compound [N(PPh,),]Cl (290 mg, 0.5 mmol) and a
slight excess of [Mo,(n-CsH,Me),(n-Cl),] (250 mg, 0.51 mmol)
were dissolved in CH,Cl, (15 cm?) at room temperature. After
12 h the volatiles were removed under reduced pressure. The
residue was washed with toluene (2 x 10 cm?) and light
petroleum (2 x 10 c¢m?®) and dried in vacuo to give the
analytically pure product [N(PPh;),][Mo,(n-CsH Me),Cl,-
(p-CD] 8. Yield: 90%,.

Reaction of [N(PPh,),][W,(n-CsH,R),Cl,(u-C)] (R = Pr!
7a or Me 7b) with HCL.—Hydrogen chloride gas was passed
through a suspension of [N(PPh,),][W,(n-CsH,R),Cl,(p-
CI)] 7 (ca. 0.25 mmol) in toluene (20 cm?) for 5 min at r.t. The
initially colourless supernatant became red and an off-white
solid ([N(PPh;),]Cl) was observed. The solution was filtered,
reduced in volume to ca. 5 cm? and placed at — 80 °C to afford
[W,(n-CsH,R),Cl,(u-Cl)(u-H)] (R = Pr' 9a or Me 9b) which
was characterised by comparison of its NMR spectrum with
that of an authentic sample. Yield >90%.

Reaction of [N(PPh3),1[Mo,(n-CsH Me),Cl,(p-Cl)] 8 with
HCl.—Hydrogen chloride gas was passed through a suspension
of [N(PPh;),][Mo,(n-CsH,Me),Cl(u-Cl)] 8 (300 mg, 0.28
mmol) in toluene (ca. 20 cm?) for 5 min at room temperature.
The initially colourless supernatant turned brown and an off-
white solid ([N(PPh;),]Cl) was observed. The solution was
filtered, reduced in volume to ca. 5 cm? and placed at —80 °C to
afford [Mo,(n-CsH, Me),(p-Cl),] which was characterised by
comparison of its 'H NMR spectrum with that of an authentic
sample. Yield: >90%.

Preparation of [W,(n-CsH,4R),Cly(u-Ch)(p-6:12-R"CN)]
(R” = Me 10, Et 11 or Ph 12; R = Pr' a or Me b).—A typical
preparation is described. A suspension of [W,(n-CsH,R),Cl,]
(0.27 mmol) in light petroleum (ca. 20 cm?®) was treated with an
excess of R'CN (ca. 0.05 cm?) to give a brown solution. After 30
min the volatiles were removed and the residues washed with
diethyl ether (2 x 10 cm?) and dried in vacuo to give [W,(n-
C5H,R),Cl3(u-Cl)(u-6:1m2-R’'CN)] as a red-brown or purple
solid. Yield: 70-90%. For R’ = Et, R = Pr!, the oily product
alwayscontained varying quantities of residual solvent. The com-
pounds were not recrystallised due to their extreme moisture
sensitivity which always resulted in contamination with hydro-
lysis products on further handling using Schlenk-line techniques.

Preparation of trans-[W ,(n-CsH,R),Cl,(n-Cl)(p-R'CNH)]
(R’ = Me 13, Et 14 or Ph 15; R = Pr' a or Me b).—A typical
preparation is described. A suspension of [W,(n-CsH,R),Cl,]
(0.27 mmol) in diethyl ether (ca. 20 cm?) was treated with an
excess of R'CN (ca. 0.05 cm?®). The mixture was stirred for 30
min to give a red-brown or purple solution. Hydrogen chloride
gas was bubbled through the solution for 3 min to afford an
orange microcrystalline precipitate. The pale red supernatant
was decanted and the residues washed with light petroleum
(2 x 10 ¢cm?) and dried in vacuo to afford orange microcrystals
of trans-[W,(m-CsH,R),Cl,(n-Cl)(p-R'"CNH)]. Yield: 85-90%,.

Preparation of trans-[ W ,(n-CsH,Pr'),Cl,(u-Cl)(u-EtCND)]
14a—d.—This compound was prepared from a brown diethyl
ether solution of [W,(n-CsH,Pr'),Cl;(u-Cl)(n-0:m2-EtCN)]
11a (prepared in situ) and DCI in a manner analogous to that
described for the isotopomer 14a.

Preparation  of  cis-[W,(n-CsH4R),Cl,(n-Ch(u-R'CNH)]
(R” = Me 16, Et 17 or Ph 18; R = Pri a or Me b.—Typical
preparations are described.

Method (i). The orange complex trans-{W,(n-CsH,R),Cl,-


http://dx.doi.org/10.1039/DT9920001205

J. CHEM. SOC. DALTON TRANS. 1992

(u-CH(p-R'CNH)] (R’ = Me 13, Et 14 or Ph 15;R = Prla or
Me b) was dissolved in CH,Cl, to give a red-purple solution
after 30 min. Volatiles were removed under reduced pressure
and the residues washed with light petroleum (2 x 10 cm?®) and
dried in vacuo to afford the analytically pure, corresponding
isomer cis-[W,(n-CsH4R),Cl,(n-Cl)(u-R'CNH)] as a red-
purple solid in quantitative yield.

Method (ii) (R = Pr' only). A solution of [W,(n-CsH,Pr'),-
Cl,] in toluene was treated with an excess of R’CN to give a
brown solution. A drop of water was added to give a red-purple
precipitate after 12 h. The supernatant was decanted and the
residues washed with light petroleum (2 x 10 cm?®) and dried in
vacuo to afford red-purple cis-[W,(n-CsH,Pr'),Cly(u-Cl)(p-
R’'CNH)]. Yield: 40-50%.

Preparation of cis-[W ,(n-CsH,Pr'),Cl,(u-Cl)(n-MeCND)]
16a—d.—This compound was prepared from a toluene solution
of [W,(n-CsH,Pr'),Cl;(p-Cl)(n-o:12-MeCN)] 10a (prepared in
situy and [2H,]water in a manner analogous to that described
for the isotopomer 16a [method (ii) above].

X-Ray Crystal Structure Determinations of Complexes 4b, 5
and 11b.-—Crystal data and data collection and processing
parameters are given in Table 8. The general procedure was as
follows. A crystal was sealed in a Lindemann glass capillary and
transferred to the goniometer head of an Enraf-Nonius CAD4
diffractometer interfaced to a PDP 11/23 minicomputer. Unit-
cell parameters were calculated from the setting angles of 25
carefully centred reflections. Three reflections were chosen as
intensity standards and were measured every 3600 s of X-ray
exposure time, and three orientation controls were measured
every 250 reflections. The data were measured using graphite-
monochromated Mo-Ka radiation (A = 0.710 69 A) and an -
26 scan mode. The crystal of complex 11b was slightly split but
the peak-to-peak separation was not more than 0.5° in ®.

The data were corrected for Lorentz and polarisation effects
and an empirical absorption correction?® based on an azi-
muthal scan was applied. Equivalent reflections were merged
and systematically absent reflections rejected. The tungsten
atom position(s) was determined from a Patterson synthesis.
Subsequent Fourier difference syntheses revealed the positions
of other non-hydrogen atoms. Non-hydrogen atoms were
refined with anisotropic thermal parameters by full-matrix least-
squares procedures and hydrogen atoms were placed in
estimated positions (C—H 0.96) with fixed isotropic thermal
parameters. For compound 11b N(1) could not be successfully
refined. possibly due to absorption problems. A Chebyshev
weighting scheme >° was applied and the data were corrected for
the effects of anomalous disperston and isotropic extinction (via
an overall isotropic extinction parameter *°) in the final stages
of refinement. All crystallographic calculations were performed
using the CRYSTALS suite*! on a MicroVAX 3800 computer
in the Chemical Crystallography Laboratory, Oxford. Neutral
atom scattering factors were taken from the usual sources.3?

Additional material available from the Cambridge Crystal-
lographic Data Centre comprises H-atom coordinates, thermal
parameters, and remaining bond lengths and angles.
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