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n-Bonding in Three-co-ordinate Beryllium Compounds. 
Tetra - p-t - bu toxyd ic h I o rot r i beryl I i u m 

Structure of 

Norman A. Bell,"? Geoffrey E. Coates, ( the late) Harrison M. M. Shearer, and John Twiss 
Department of Chemistry, University of Durham, Science Laboratories, South Road, Durham D H l  3LE, U.K. 

The crystal structure of the title compound shows that the three beryllium atoms are collinear with adjacent 
beryllium atoms linked by two bridging t-butoxy groups, so that while the central beryllium is four-co-ordinate 
the terminal beryllium atoms are three-co-ordinate by also bonding to a terminal chlorine atom; the short 
bonds around the terminal beryllium atom are supportive of some degree of v-bonding and the co-planarity of 
beryllium and its three attached atoms will tend to maximise any such dative interaction. 

Reaction of LiOBut with BeCI, in diethyl ether yields colour- 
less crystals of (ClBeOBut.OEt,), which lose diethyl ether on 
gentle warming to form the tetramer (CIBeOBut),. However, 
on refluxing the diethyl ether adduct under reduced pressure 
in benzene solution colourless cubic crystals were obtained 
and these were subsequently shown by X-ray analysis to be 
Cl,Be,(OBut), which differs from the tetramer by one BeCl, 
unit.' 

Crystal data : C1,Be,(OBut),, C16H36Be3C1204 orthorhombic, 
a = 13.91(2), b = 12.19(2), c = 13.71(2)& space group 
Cmcrn, 2 = 4, R = 0.054 for 720 independent reflections 
having I / a ( l )  > 3.0.1 

The molecule lies at the intersection of two perpendicular 
mirror planes in the unit cell. The two chlorine and three 
beryllium atoms lie along the intersection of these mirror 
planes and are collinear (Figure 1). Adjacent beryllium 
atoms are linked by two bridging t-butoxy groups and the 
two sets are at right angles to one another so that whereas 

t Present address: Department of Chemistry, Sheffield City 
Polytechnic, Pond Street, Sheffield S1 lWB, U.K. 

1 The atomic co-ordinates for this work are available on request 
from the Director of the Cambridge Crystallographic Data 
Centre, University Chemical Laboratory, Lensfield Road, 
Cambridge CB2 IEW. Any request should be accompanied by 
the full literature citation for this communication. 

Figure 1. Structure of CI,B~,(OBU~)~. Selected bond lengths (A) 
and angles (") are shown. 

the central beryllium atom is four-co-ordinate and has an 
approximately tetrahedral distribution of surrounding oxygen 
atoms, the terminal beryllium atoms are three-co-ordinate. 
Each terminal beryllium atom and its three attached groups 
are coplanar so that any nbonding effects are maximised. 
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The molecular geometry thus closely resembles that founda 
for [Be(NMe,),], but is somewhat different from that of 
(BH4),Be,(OBut), in which all the beryllium atoms are four- 
co-ordinate., 

Evidence for dative n-bonding to boron compounds is well 
documented (e.g. ref. 4 and refs. therein). In contrast, for 
beryllium discussions of structural features which are con- 
sistent with dative n-bonding (Be f N) are limited to 
[Be(NMe,),],, and [B~(NCBU;),],.~ Unfortunately there are 
few Be-Cl distances known with which to compare those 
found herein. The Be-C1 distances, 1.87( 1) and 1.89(1) A, 
contrast sharply with that found6 in polymeric beryllium 
chloride [2.02(3)A] and the sum of the tetrahedral covalent 
radii 2.05A.’ They are also significantly shorter than those 
found in BeCl,(OEt,), [ 1.96( 1) and in BeCl,(NCMe), 
[1.970(4) and 1.985(4) A],9 but longer than in monomeric 
beryllium chloride [1.75(2) 81],1° where the linear short 
bonding arrangement may be due to some degree of T- 

bonding. Two different Be-O distances are found involving 
the three- and four-co-ordinate beryllium atoms, their mean 
values being Be(sp2)-0, 1.54(1) A and Be(sp3)-0, 1.64(1) .$, 
the latter value being close to the corresponding distances in 
(BH4)2Be3(0But)4, [1.644(5) and 1.633(5) A], and the Be-OBut 
distance in (But0BeBr.OEt2),.1l 

Although some shortening of bond distances is to be 
expected around beryllium atoms having a lower co-ordina- 
tion number compared to the four-co-ordinate compounds 
mentioned above, the extreme shortening of bond distances 
around the terminal beryllium atoms, together with the 
coplanarity of Be(1) and Be(3) and the three atoms surround- 
ing each of them which will maximise n-interactions, are 
suggestive of filled p-orbitals on the terminal chlorine and 

bridging oxygen atoms interacting with the empty p-orbital 
on the three-co-ordinate beryllium atoms to form dative 
.rr-bonds.? 

Received, 29th March 1983; Corn. 411 

References 
1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

1 1  

12 

R. A. Anderson, N. A. Bell, and G. E. Coates, J.  Chem. SOC., 
Dalton Trans., 1972, 577. 
J. L. Atwood and G .  D. Stucky, J .  Am. Chem. Soc., 1969,91, 
4426. 
B. Morosin and J. Howatson, J. Inorg. Nucl. Chem., 1979, 
41, 1667. 
J. €3. Holbrook, B. C. Smith, C. E. Housecroft, and K. Wade, 
Polyhedron, 1982, 1, 701. 
B. Hall, J. B. Farmer, H. H. M. Shearer, J. D. Sowerby, and 
K. Wade, J .  Chem. SOC., Dalton Trans., 1979, 102. 
R. E. Rundle and P. H. Lewis, J .  Chem. Phys., 1952, 20, 132. 
L. Pauling, ‘The Nature of the Chemical Bond,’ 3rd edn., 
Cornell University Press, Ithaca, 1960. 
K. N. Semenenko, E. B. Lobkovskii, M. A. Simonov, and 
A. I. Shumakov, Russ. J .  Struct. Chem., 1976, 17, 532. 
C. Chavant, J. C. Daran, Y. Jeannin, G. Kaufmann, and J. 
MacCordick, Inorg. Chim. Acta, 1975, 14, 281. 
P. A. Akishin and V. P. Spiridonov, Kristallografiya, 1957, 2, 
475. 
N. A. Bell, H. M. M. Shearer, and J. Twiss, Acta Crystallogr., 
in press. 
R. Snaith, unpublished observations. 

t Added in proof: Recent M.O. calculations show a n-bond order 
of ca. 0.4 in each of the terminal Be-Cl bonds and ca. 0.15 in 
each of the terminal Be-pO bonds, ref. 12. 




