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Guanidinium tetraphenylborate, [C( N H2)3] BPh4, reacted with N,N'-ethylenebis(salicy1ideneaminato) nickel (II), 
[Ni(salen)], in thf to form {[Ni(~alen)]~[C(NH,),])(BPh,).2thf, whose X-ray analysis showed that the 
guanidinium ion is encapsulated in a cage provided by the six oxygens of the three [Ni(salen)] units and held 
in place by six strong hydrogen bonds; the same complexation occurred using alkylammonium tetraphenylborate 
derivatives, which enhance significantly the solubility of nickel ( 1 1 )  Schiff base complexes in organic solvents. 

The readiness with which some polynuclear complexes form 
from common 'complex ligands,' such as transition Schiff's 
base complexes, is well known.lY2 Thus, quadridentate Schiff's 

base metal complexes can act as chelating agents of both 
transition and non-transition metal atoms, generating poly- 
nuclear systems.lt2 We were attracted by the use of such 
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'inorganic ligands' for complexing various cationic specie~,l-~ 
the change of the reactivity of the transition metal as a conse- 
quence of such a c~mplexa t ion ,~  the reactivity of the resulting 
polymetallic systems, and the use of cationic organic species 
as complex carriers in organic solvents. 

H6rein we report the 'complexation' of the guanidinium ion 
by N ,  N '-ethylenebis(salicylideneaminato)nickel(~~), [Ni(salen)], 
which yields what may be assumed to be an example 
of a novel class of organic substrates complexed by metal 
complexes without the intervention of the metal centre. 
[Ni(salen)], which is rather insoluble in tetrahydrofuran (thf) 
dissolved in the presence of guanidinium tetraphenylborate, 
[C(NH,),]BPh,, giving a deep-orange solution, from which, on 
standing, orange crystals of { [Ni(salen)],[C(NH,),] }(BPh,).- 
2thf were obtained,? equation (1). An X-ray crystallographic 

3 [Ni(salen)l + [C(NH,),](BPh) 

{ [Ni(salen)],[C(NH,),] )(BPb).2thf 
4 thf 

study was required to prove the nature of the product. 
Crysral data: triclinic, space group P i ;  cell dimensions 

a = 16.496(8), h 19.228(8), c = 15.226(4) A, sc = 94.88(3), 
p = 102.83(3), y = 123.81(3)", U ~ 3780.6 A'; dcalc.  = 
1.316 g ~ m - ~  for 2 = 2; Cu-K, radiation (A = 1.54178 A); 
~(CU-K,) = 13.3 cm-l. 9249 independent reflections were 
collected in the range 26' d I 10" on an on-line Siemens AED 
diffractometer, using the 8 -26' scan method and 'five points' 
t e~hn ique ;~  4687 reflections with 1>4.50(/), where a2(1) -- 
[total counts + (0.005 [),I, were used in the structure deter- 
mination. The structure was solved by heavy-atom techniques; 
anisotropic refinement6 by block-diagonal least-squares con- 
verged to the unweighted R = 0.058.; 

The crystals are built up of discrete { [Ni(salen)],[C(NH,),] )+ 
cations and BPh-  anions, and thf molecules of crystallization. 
In the complex cation, the guanidinium ion is surrounded by 
three [Ni(salen)] units; each NH, group interacts with two 
oxygens of two [Ni(salen)] so that six N-H . . . 0 hydrogen 
bonds are set up (see Figure 1). Additional interactions must 
probably be taken into account, because H(21) and H(22) 
really approach two oxygens, although with different geometry 
(see Figure I ) .  It  appears questionable whether these inter- 
actions are to be regarded (or not) as weak hydrogen bonds. 

The CN3 moiety of the guanidinium ion is planar within 
0.015 A, but hydrogen bonding means that the hydrogen 
atoms are bent out of the CN, plane (the displacement ranging 
from 0.06 to 0.34 A) towards the oxygen atoms of the salen 
units which also deviate (0.61-1.54 A) from this plane. 
Rigorous planarity of the [C(NH,),O,] fragment is prevented 
by the surrounding salen ligands. The geometry of the 
[C(NH,),] group compares well with that found for guanidin- 
ium salts.7 The range of C-N bond distances is wider, however, 
probably because of the non-uniform charge distribution on 
the guanidinium ion, a consequence of a non-symmetric 
hydrogen bonding framework. N(2) is more involved in the 
interaction with the salen units than N( 1) and N(3); moreover, 
N(1) gives rise to N . . . . 0 distances larger than do the other 
guanidinium nitrogen atoms (see Figure 1). Thus, the extent 

7 Satisfactory analytical data were obtained. The thf content 
depends on  the crystallization and drying conditions. 
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 1 EW. Any request should be accompanied by the 
full literature citation for this communication. 

m 

Figure 1. An ORTEP drawing of the macrocation {[Ni(salen)],- 
[C(NH,),] )+, excluding hydrogen atoms of salen. Bond distances 
(A) and angles ( d ) :  C-N(l), 1.346(1 I ) ;  C-N(2),  1.299(12); C-N(3), 

N(2)-C-N(3), 121.6(4). Hydrogen bond distances ( A )  and angle5 
(") for [N-H . . . 01 units: 

1.320(1 I ) ;  N(l)-C-N(2), 119.3(4): N(1) C-N(3),  I l9.1(4); 

N . . . O  N - H  FI . . .  O N - H  . . .  O 
N(1)-H(11) . . . . O(32) 3.07 1.08(9) 2.10 148.1 
N(I)-H(12) .  . . . O(22) 3.1 1 0.75(7) 2.40 157.1 
N(2)-H(21) . . . . O(31) 2.88 0.92(9) 2.01 157.6 
N(2)-H(22) . . . . 0(1 1 )  2.92 1.14(8) 1.78 173.8 
N(3)-H(31) . . . . O(12) 2.91 1.03(9) 1.99 148.4 
N(3)-H(32) . . . . O(21) 2.83 1.02(9) 1.83 163.2 
N(2)-H(21). . . . O(32) 3.17 0.92(9) 2.57 123.8 
N(2)-H(22) . . . . O(12) 3.12 1.14(8) 2.59 106.6 

of hydrogen bonding associated with the individual nitrogen 
atoms decreases in the order N(2), N(3), N(1). Hydrogen 
bonding of a nitrogen atom results in a weakening of the N-H 
bond and a corresponding strengthening of the related C-N 
bond.8 

Theobserved C-N bond distances agree with this, increasing 
from 1.299(12) A, C-N(2), to 1.346(11) A, c' N(1). The 
geometry of the [Ni(salen)12yg and BPhy'O units is i n  good 
agreement with that previously found in similar units. The 
atomic positions of thf, which is present as cry5talli7ation 
solvent, are poorly defined, as is often the case.ll 

The special ability of guanidinium ion to act as a template 
agent in crown ether formation and to complex with theethers 
once formed, has been widely explored by Cram et al., who 
proposed a wreath-like host structure surrounding a guani- 
dinium ion held in place by six hydrogen bonds.ls [Ni(salen)] 
complexes alkylammonium tetraphenylborates, [RNH,]BPh, 
as well as guanidinium tetraphenyl borate. This result is rather 
attractive in view of the large number of organic molecules 
bearing -NH t as a functional group. When provided with a 
suitable organic residue (e.g., R ~ n-octyl), [RNH,]BPh, 
produces highly concentrated thf solutions of [Ni(salen)]. 
When R = Bun, an alkylammonium complex was isolated: 
{ [Ni(salen)],(BunNH,) }BPh4.t It is reasonable to assume that 
in all cases the anchoring of the organic molecule to the 
inorganic counterpart is determined mainly by the hydrogen 
bond f ~ r m a t i o n . ~  Complexation of guanidinium and alkyl- 
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ammonium tetraphenylborate derivatives occurs with other 
tetradentate Schiff base complexes of transition metals. 

The present results suggest that  it will be possible t o  design 
and synthesize inorganic hosts for organic cations, which can 
act as  template agents, bridging close more than one  metal 
centre. This kind of complexation gives rise t o  a complex- 
anchored organic molecule, with the metal free for promoting 
the activation of other reactive sites of the same molecule. 
Received, 1 / r h  March 1982; Com. 284 
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