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equatorial sites.>> The inclusion of the Si-Si bond in two fused
three-membered rings can help explain its length.*
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We have now established a fairly extensive chemistry sur-
rounding d*-d? dinuclear compounds of molybdenum and tung-
sten.! We are currently examining the relative w-donating abilities
of ligands in unbridged ethane-like dimers and recently reported?
the preparation and characterization of 1,2-M,(P(#-Bu),),(NMe,),
compounds. The relative m-donating abilities of the ligands were
in the order NMe,” > P(¢-Bu),”. We were curious to examine
how allyl ligands might compete with NMe,™ ligands in compounds
of formula 1,2-M,X,(NMe,), (X = allyl). The compounds could
be analogues to the alkyl, aryl, and benzyl complexes (X = R,
Ar, or Bz) previously reported having M—C o-bonds,** or alter-
natively the w-donating properties of the hydrocarbyl ligands could
compete with the NMe, ligands causing quite different structures.
We report here our initial findings.

The reaction between allylmagnesium bromide (2 equiv) and
1,2-W,Cl,(NMe,)4 in ether leads to a brown, hexane-soluble
crystalline product. The variable temperature 'H and '*C NMR
spectra are complex and indicate the presence of two isomers in

(1) Chisholm, M. H. Angew. Chem., Int. Ed. Engl. 1986, 25, 21.

(2) Buhro, W. E.; Chisholm, M. H.; Folting, K.; Huffman, J. C. J. Am.
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Figure 1. An orTEP drawing of the W,(allyl),(NMe,), molecule giving
the atom number scheme for the pertinent atoms. Thermal ellipsoids are
drawn at a 50% probability limit. H atoms, which were refined iso-
tropically, have been given an artificially small thermal parameter and
are shown as open circles. Pertinent bond distances (A) and angles (deg)
are as follows: W-W = 2,480 (1); W(1)-N(2) = 1.97 (1), W(1)-N(5)
= 1.99 (1), W(1)-C(8) = 2.22 (1), W(1)-C(9) = 2.44 (2), W(1)-C(9)’
= 2.46 (1), W(1)=C(10) = 2.22 (1), C(8)-C(9) = 1.474 (19), C(9)-
C(10) = 1.465 (19), W(1)=W(1)-N(2) = 112.2 (3), W(1)~-W(1)-N(5)
= 115.6 (3), W(1)=W(1)-C(8) = 94.7 (3), W(1)-W(1)-C(9) = 60.1
(3), W(1)-W(1)-C(10) = 89.4 (4), and C(8)-C(9)-C(10) = 129.7 (12).

solution.” Exchange between these isomers is not rapid on the
NMR time-scale. Crystals suitable for an X-ray study® were
obtained, and the molecular structure in the solid state is shown
in Figure 1.

The structure is quite unlike any other seen for a d’—d? di-
tungsten compound, and it is apparent that the u-allyl ligand has
caused a significant change in the bonding of the central (W=
W)* unit. For example, in contrast to ethane-like W,X,(NMe,),
or bridged W,(L-L’),(NMe,), structures (L-L = triazine’ or the
anion derived from 2-hydroxypyridine®) the W—W-N angles (112°
and 116°) are notably larger than the typical values of 103-105°.
Moreover the planar W-NC, units are not aligned along the M—M
axis in the present compound suggesting a rehybridization of the
tungsten d, orbitals.

The well-known p orbitals of the allyl fragment are depicted
by I, II, and I1I below. The allyl anion can act as a four-electron
donor by using [ and II to interact with tungslen-based orbitals

W g/\Q 0/\9

Q0 O
IDO\

in the xy plane (defining the z axis as the M—M axis). It then
becomes apparent that the antibonding orbital of allyl, 111, has

IIT
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SGT(JCW—' 39 He, J("}{'- 145 Hz), C‘H; 41.5 ("Je H= 151 Hz), CHy;
isomer 2: 76.3 (\Jey = 149 Hz), CH; 67.3 (Jew = 21 Hz, 'Jey = 149 Hz),
CHy; N(CH,),, 48.8, 46.0, 45.9.

(6) Crystal data for W,(allyl),(NMe,), at =155 °C: a = 10.840 (2) A,
b=17886 (1) A, c=11.159 (3) X 5=9624 (2)°.Z =2, duses = 2.193 g
cm™. Of 2017 reflections collected, 6° < 26 < 45°, 1241 were unique, and
the 1145 having F > 2.33¢ were used in the refinement. Final residuals are
R(F) = 0.037 and R, (F) = 0.041.
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Figure 2. An oRTEP drawing of the W,(2-Me-allyl),(NMe,), molecule
showing the gauche ethane-like central CN, W=WN,C core. Thermal
ellipsoids are drawn at a 50% probability limit. H atoms, which were
refined anisotropically, have been given an artificially small thermal
parameter and are shown as open circles. Pertinent bond distances (A)
and angles (deg) (averaged where appropriate) are as follows: W-W =
2,286 (1), W-N =196 (1), W-C =2.18 (1), C-C = 1.50 (2) and C=C
= 1.34 (2), W=-W-=N = 104 (1), W=-W-C = 100 (1).

the correct symmetry to interact with the M—M =-bonding orbitals
which are filled in unbridged (M=M)®* containing compounds.
The symmetry match is shown schematically by IV. Fenske-Hall
calculations on the model compound W,(NH;),(u-C;Hs), using
the atomic coordinates found for W,(u-C;Hs),(NMe;,), indicate?
that there is indeed a mixing of M—M =, allyl, =*, and filled N
p orbitals such that back-bonding from the d*-d* center is un-
derstandable in causing a lengthening of the W-W distance and
the C—C distances in the p-allyl ligand. Note the C-C bond
distances 1.47 A (av) are as expected for C,,;—C, single bonds'®
and the W-W distance of 2.48 A is typical of a (W=W)8*
distance.!'

Because of the presence of two isomers in solution, for the
W,(u-1°-C3H;),(NMe,), compound, we sought to prepare the
2-methylallyl analogue and indeed reactions employing C,;H,MgCl
(2 equiv) and W,Cl,(NMe,), yield W,(C H;),(NMe,),, as a
hydrocarbon-soluble crystalline product. The 'H and '*C NMR
spectra of this compound in toluene-d; over the temperature range
+80 to —100 °C were indicative of a mixture of anti and gauche
(~1:5) W,R,(NMe,), (M=M) compounds.'> Maost notable was
the large diamagnetic anisotropy exerted by the M==M bond and
the typical barriers to rotation about M—N bonds. It was also
evident that the bonding of the 2-methylallyl ligand was under-
going a ¢ = w interconversion such that the methylene protons
were not frozen-out even at —100 °C, though at this temperature
exchange was sufficiently slow that they were broadened into the
base line. The molecular structure found in the solid state is shown
in Figure 2.
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(CH,),CMe, 1.87 ppm, s, 1 H, (CH,),CMe, 4.00 ppm, v br; anti rotamer,
NMe, 4.07 ppm, s, other resonances obscured. +24 °C: gauche rotamer,
NMe 4.10 ppm, s, br, 6 H, 3.95 ppm, v br, 2.56 ppm, v br, 2.47 ppm, s, br,
6 H, (CH,),CMe, 1.73 ppm, s, 6 H, (CH;),CMe, 3.78 ppm, s, 8§ H; anti
rotamer, (CH,),CMe, 1.74 ppm, s, ~1 H, (CH,),CMe, s, ~1.4 H, NMe in
base line at this temperature, *C NMR (benzene-d,, 125.8 MHz) 23 °C;
gauche isomer (multiplicity 'H coupled in parentheses) NMe, 59.7 ppm (q),
br, 57.0 ppm, v br; 42.0 ppm, v br, 40.7 ppm (q), br, (CH;),CMe, 25.5 ppm
(q), (CH,),CMe, 82.8 ppm (t), (CH,),CMe, 150.7 ppm (s); anti rotamer
(CH,),CMe, 25.6 ppm (t), (CH,),CMe, 82.0 ppm (t), (CH;),CMe, 151.2
ppm (s); NMe carbons are in base line at this temperature.
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While we are not able to unequivocally assign the NMR spectra
for the W,(C;Hs),(NMe,), compound, it is not unreasonable to
suppose that there exists a slow (NMR time scale) equilibrium
between the isomers W,(u-n°-C3Hs),(NMe,), and the o-allyl
isomer W,(n'-C;Hs),(NMe,),. Substitution of allyl by 2-Me-allyl
causes sufficient steric crowding at the dinuclear center such that
the u-n*-C,H, ligand is not observed. Although some questions
remain, it is important to recognize what the present findings
demonstrate. (1) That as ¢ + w2 donors NMe, > allyl", hence
the ethane-like central (C)N,;W=WN,(C) moiety in W,(n'-
C4H;),(NMe,),. (2) The ability of the allyl ligand to accept
electron density from the dinuclear center is maximized when it
spans the d*~d* center. The importance of the interactions between
IIT and IV are (a) manifest in the long W-W and C-C distances
in the W, (u-7°-C3Hs),(NMe,), and (b) require that the p-n*-CyH;
ligands be mutually cis. The importance of this type of u-n*-C,
type of interaction has not been recognized heretofore—although
a pair of cis bridging ligands have been seen in the solid-state
structures of Cr,(allyl),'* and Mo,(allyl),.'®
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There is a considerable current interest in the design of host
molecules possessing rigidly defined cavities capable of avidly
binding guests with a high degree of specificity.!™

We have previously reported the synthesis of cyclophane 1 (the
major isomer of the indicated cyclization) (see Scheme I). By
virtue of its concave-oriented pyridine it binds phenols in nona-
queous media with high specificity® and binding constants (K.
~ 3000 M! for p-nitrophenol).

Contrary to our expectations® the minor meso isomer 2 is far
and above the better phenol binder of the two hosts. The following
observations are salient.
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