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tively, and rearrangement to 5. Leakage of 8 to 10 would lead 
to 6 and 7 through ll.18-19 

If formed, 125 would not be expected to survive the photol­
ysis conditions used for 1. Irradiation3 of a 0.0029 M solution 
of 12 in 50% aqueous methanol containing 0.0042 M meth-
anesulfonic acid yielded (GLC analysis, n-octadecane internal 
standard) 4a (26.2%), 6 (0.5%), 7 (2.1%), and no recovered 
12.21'22 However, in photolyses of 1, 12 is most likely an in­
termediate in a minor pathway to 4. As noted, a small amount 
of deuterium was lost on going from lb to 4, and this is con­
sistent with the intermediacy of a deuterated analogue of 12 
produced from 10b and/or l l .2 3 

The nature of the interaction between excited 3,5-di-
methoxyphenyl and the methanesulfonate group is unknown 
but will be the subject of further investigation. As noted, it is 
also unknown whether 8 is an intermediate or simply a tran­
sition state, but study of an appropriate chiral system may 
answer this question. 

Acknowledgment is made to the donors of the Petroleum 
Research Fund, administered by the American Chemical 
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Solution Structure and Ligand Exchange in the 
Five-Coordinate Molecular Complexes NiX2(PMe3)3 

Sir: 

Synthesis and determination of the stereochemistries of 
five-coordinate metal complexes have been subject to a con­
siderable increase of interest during the last decade, but few 
studies have reported the solution structures of these complexes 
or kinetic studies of five-coordinate metal centers.1-7 We wish 
to present evidence for the solution structure and the ligand 
exchange mechanism in NiX2(PMe3)3 complexes, obtained 
from 31Pj1Hj NMR spectroscopy. 

In earlier papers we have shown7 that trimethylphosphine 
Ni(II) complexes, NiX2(PMe3)3 (X = CN, Cl, Br, I), are 
examples of five-coordinate d8 complexes. They are reasonably 
stable as crystalline solids, but labile in solution, resulting in 
different species depending on the concentration, the nature 
of the solvent, and the presence of excess ligand. Thus the so­
lution structures were not well understood.5,7 

Figure 1 shows 1H noise decoupled Fourier transform 31P 
NMR spectra of solutions of NiX2(PMe3)3 (X = CN, Cl, Br, 
I) in 1:1 CH2CI2/CD2CI2 solutions at -75 0C. The slow ex­
change limit spectra are obtained for the four complexes. They 
are among the very scarce five-coordinate complexes which 
exhibit stereochemical rigidity at not too low a tempera­
ture.8 

At —75 0C, the solution spectra present an A3 pattern for 
X = CN and an A2B pattern for X = Cl, Br, and I. These re­
sults are consistent with the two trigonal bipyramid (= TBP) 
configurations: trans-JBP (X = CN) and m-TBP (X = Cl, 
Br, I) previously reported for these complexes.7 But NMR 
spectroscopy alone cannot determine unambiguously the ge­
ometry of the NiX2L3 species in solution for X = halide, since 
the same A2B pattern is expected for the cis trigonal bipyra-
midal and square pyramidal geometries. Nevertheless, the 
existence of only one isomer in CH2Cl2 solution is clearly 
demonstrated (at least in concentrations detectable by 
NMR). 

Journal of the American Chemical Society / 98:20 / September 29, 1976 



6403 

• 5.5 

(b) -18.5 _ 

iiJUL -0.5 -35.5 
L L L 

IdI •4.3 JiiUUL 

HI •9.1 -28.5 iU. 
ppm 0 -10 -20 -30 

Figure 1. 31PfHj FT NMR spectra at 36.43 MHz of (a) Ni-
(CN)2(PMe3J2, 0.1 M, at -75 0C; (b) Ni(CN)2(PMe3)3,0.1 M, at -75 
0C; (c) NiCl2(PMe3)3, 0.05 M, at -90 0C (7PP = 78.8 Hz); (d) 
NiBr2(PMe3)3, 0.05 M, at -85 0C (J PP = 70.3 Hz); (e) NiI2(PMe3J3, 
0.05 M, at -75 0C (JPP = 58.8 Hz) in 1:1 CH2Cl2-CD2Cl2 solutions. The 
external reference is 65% H3PO4 (not shown). 

As the temperature is increased, intramolecular exchange 
occurs. Broadening of the lines and the collapse of the doublet 
and the triplet into a single line are observed and the rate 
constants increase in the order I < Br < Cl. 

At -75 0C, the 31P NMR spectrum of Ni(CN)2(PMe3)3 
contains a weak singlet (<1%), characteristic of the trans 
square planar Ni(CN)2(PMe3)2 species resulting from the 
dissociative process, although no free PMe3 is detected: 

Ni(CN)2(PMe3)3 ^ Ni(CN)2(PMe3)2 + PMe3 

Addition of an excess OfPMe3 to a Ni(CN)2(PMe3)3 solution 
shows two singlets due to Ni(CN)2(PMe3)3 and free PMe3, 
at -75 0C. This complex provides an opportunity to investigate 
exchange of free and coordinated PMe3 at five-coordinate d8 

metal centers. We have studied the following two reactions: 

Ni(CN)2(PMe3)3 -I- 3*PMe3 

U Ni(CN)2(*PMe3)3 + 3PMe3 

Ni(CN)2(*PMe3)2PMe3 + Ni(CN)2(PMe3)2 

tiNi(CN)2(*PMe3)2 + Ni(CN)2(PMe3)3 

A line shape analysis, as a function of the concentration of the 
reactants at -20 0C, shows that these processes are first order 
in Ni(CN)2(PMe3)3, and zero order in PMe3 and Ni-
(CN)2(PMe3)3, respectively. The activation parameters are 
equal in both cases: AH* = +13.7 ± 0.5 kcal/mol and AS* 
= +10.4eu. For both reactions, we conclude a dissociative 
mechanism, with Ni(CN)2(PMe3)2 acting as an intermedi­
ate. 

When free PMe3 is added to the five-coordinate halide 
complexes, the quantitative formation of a new species occurs 
with the following stoichiometry: 

NiX2(PMe3)3 + PMe3 ~1=> NiX2(PMe3)4 

The product is characterized by a singlet at 5-14.9 ppm for 
X = Cl, 5-15.8 ppm for X = Br, and 5-18.5 ppm for X = I. 
When the molecular ratio PMe3/NiX2(PMe3)3 is greater than 
one, the singlet due to free PMe3 appears at -61.2 ppm. No 
other species is detected at this temperature. 

An increase of the solution conductivity is observed when 
the temperature is lowered, indicating the presence of ionic 
species. For X = Br, the ligand field spectrum recorded under 
the same conditions of temperature and concentration contains 
only one symmetrical ligand field band, the e value (~1900) 
and energy (18 400 cm - !) of which are characteristic of five-
coordinate square pyramidal Ni(II) complexes.9"1' Thus, the 
presence of only one 31P NMR singlet and one nearly sym­
metrical ligand field transition favor the square pyramidal 
complex [NiBr(PMe3)4]Br, with the halide in the apical po­
sition. However, the recent report of the trigonal bipyramidal 
structure [NiBr(P(OMe)3)4]BF4

12 is not consistent with our 
conclusions. 

The very few square pyramidal Ni(II) complexes with 
monodentate tertiary phosphine ligands reported prompted 
us to continue structural studies along this line. Ligand ex­
change studies have also been initiated with a view to obtaining 
quantitative rate data. It is clear, from the results presented 
here, that 31P NMR is a useful technique for providing insight 
into the complicated chemistry of five-coordinate metal 
complexes containing monodentate phosphine ligands. 
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Anion Cryptates: Highly Stable and Selective 
Macrotricyclic Anion Inclusion Complexes 

Sir: 

Whereas very many metal cation complexes are known, 
stable anion complexes of organic ligands are very rare indeed. 
Spherical cations (e.g., alkali cations) form very stable and 
selective cryptates where the cation is included in the intra­
molecular cavity of a macropolycyclic ligand.1 Similarly, it 
should be possible to obtain stable and selective anion com­
plexes, anion cryptates, by inclusion into cavities lined with 
appropriate anion binding sites, i.e., especially sites able to form 
ionic hydrogen bonds like protonated amines: N + - H - X - . 

Indeed, halide ions give inclusion complexes, the katapi-
nates,2 in which the anion is held in the cavity of biprotonated 
macrobicyclic diamines +HN[(CH2)„]3NH+ by two hydrogen 
bonds, + N - H - X - - H - N + as confirmed by a recent crystal 
structure determination.3 Complexes of small anions with a-
and /3-cyclodextrins have also been reported.4 

Communications to the Editor 


