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Synthesis and Structural Characterisation of Five-co-ordinate 
Copper(i) and Silver(i) 2,2': 6',2"-Terpyridine Complexes * 

Eric W.  Ainscough, Andrew M. Brodie, Scott L. lngham and Joyce M. Waters 
Department of Chemistry and Biochemistry, Masse y University, Palmerston North, New Zealand 

Five-co-ordinate copper(1) and silver(1) 2,2': 6',2"-terpyridine (terpy) complexes of the type 
[M(PPh,),(terpy)]CIO, ( M  = Cu or Ag) have been prepared by the reaction of terpy with either 
[Cu( PPh,),( MeCN),] CIO, or [Ag( PPh,),] CIO,. The complexes have been characterised by spectroscopic 
methods and single-crystal X-ray diffraction analysis. In the crystal the complexes consist of discrete 
monomers of distorted trigonal-bipyramidal geometry, with the metal atoms co-ordinated to the distal 
terpyridine pyridyl rings [Cu-N 2.386(3), 2.535(4); Ag-N 2.61 4(2),  2.561 (2)A] in axial sites. 
The co-ordination spheres are completed by the binding of the central pyridyl nitrogen atoms [Cu-N(2) 
2.102(3), Ag-N(2) 2.457(2) A] and two PPh, phosphorus atoms, which together define the equatorial 
planes. The 'H and {lH}-13C N M R  spectra of [Cu(PPh,),(terpy)]CIO, and [Ag(PPh,),(terpy)]CIO, show 
that for each of the complexes the five-co-ordinate nature of the compounds is also retained in solution 
with the distal pyridyl rings being equivalent on the N M R time-scale. 

In the solid state, the stereochemistry of mononuclear copper(1) 
and silver(1) complexes is dominated by four-co-ordinate 
species, but significant numbers of two- and three-co-ordinate 
compounds are also known. 1 , 2  In contrast five-co-ordinate 
copper(]) and silver(1) compounds are unusual, with six-co- 
ordination being unknown for copper(1) and rare for silver(1). ' g 2  

The small number of mononuclear five-co-ordinate copper(1) 
and silver(1) complexes reported to date occur with 
macrocyclic or acyclic '-* ligands and the co-ordination 
geometry observed with these d" metal centres may be a 
consequence of the geometrical constraints imposed by the 
nature of these ligands. For example the tetradentate 
macrocycle L forms a square-pyramidal copper(1) complex 
[CuL'(C0)I3 whereas the acyclic pentadentate ligand L2 co- 
ordinates in a distorted trigonal-bipyramidal manner.6 A 
pentagonal planar geometry is observed for the 2,2' : 6', 
2" : 6",2"' : 6"',2""-quinquepyridine (qpy) complex with silver(I),' 
[Ag(qpy)]PF,. To our knowledge there are no examples of five- 
co-ordinate copper(1) or silver(1) complexes involving only tri-, 
bi- or mono-dentate ligands. One such potentially tridentate 
ligand is 2,2' : 6',2"-terpyridine (terpy) which has been 
extensively studied in co-ordination chemistry.' In this paper 
we report the synthesis and characterisation of the five-co- 
ordinate copper(1) and silver(1) complexes with this ligand 
incorporating triphenylphosphine as co-ligand. The single- 
crystal X-ray structural analyses of [M(PPh,),(terpy)]CIO, 
(M = Cu or Ag), together with spectroscopic data are 
presented. 

Results and Discussion 
2,2' : 6',2"-Terpyridinereactsreadilywith [Cu(PPh,),(MeCN),]- 
CIO, or [Ag(PPh3)2]C10, in dichloromethane-ethanol to 
yield [Cu( PPh,),(terpy)]ClO, 1 and [Ag(PPh,),(terpy)]CIO, 
2 as yellow and colourless crystalline materials respectively. 
These compounds are stable in the solid state at room 
temperature and in air. However in solution complex 1 is 
oxidised over a period of 1-2 h in air to give a pale blue powder 
of, as yet, unknown composition. While the characterisation 
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of both complexes by NMR spectroscopy, mass spectrometry 
and elemental analysis indicated the possibility of five-co-ordin- 
ation, it was the single-crystal X-ray diffraction studies (see 
below) that showed that this was indeed the case. 

The mass spectra (LSIMS) of compounds 1 and 2 exhibited 
only very weak peaks corresponding to the parent ions, 
[M(PPh,),(terpy)]+ (M = Cu or Ag), but a strong fragment- 
ation pattern corresponding to the successive loss of ligands 
was observed. In each case the most intense signal corre- 
sponded to the [M(terpy)]+ ion. The mass spectral data and 
the corresponding peak assignments are listed in Table 1 .  

The NMR specroscopic data ('H and ('H)-13C) for com- 
pounds 1 and 2 are listed in Tables 2 and 3 respectively. 
Assignments were made on the basis of coupling considerations, 
chemical shift data, relative intensities and by comparison with 
the chemical shifts of the free ligand. Two-dimensional J- 
resolved 'H, 'H-'H shift correlation and 'H-13C shift cor- 
relation spectra were recorded on the compounds to aid the 
assignments. Fig. 1 shows the labelling scheme used for the 
assignments. 
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The ' H NMR spectrum of compound 1 shows some broaden- 
ing of resonances, even when samples were prepared under 

H8 Hiv 

te rPY PPh3 

Fig. 1 Labelling schemes used for NMR assignments 

Table 1 Mass spectral data for [M(PPh,)2(terpy)]C104 (M = Cu or 
Ag) 

rnlz * 

Ionic species M = CU M = Ag 
CM(PPh,),(t+erPY)l+ 820 ( < 1 )  864 ( -  1 )  
CM(PPh3)2] 587 ( 1  8) 631 (62) 
CM(PPh,)(tyPY)l+ 558 (25) 602 (43) 
CM(PPh 3 )I 325 (16) 369 (49) 
CM(terp+y)l+ 296 (100) 340 ( 100) 
CPPh31 262 ( 10) 262 (31) 

~ 233 ( 1  3) WPY 1 + 

* Based on 63Cu and Io7Ag respectively. Relative intensities (%) are 
given in parentheses. 

Table 2 'H NMR data for [M(PPh3),(terpy)]CIO4 (M = Cu or Ag) 

M = CU 

HI, H15 

H2, HI4 
H3, H13 
H4, H12 
H', H9 

H8 
H", Hiii Hi' 

- 

6" 
7.53 (br s) 
cu. 7.07' 
7.72 (t ,  J 7.4) 
8.02 (d, J 7.8) 

8.21 (br s) 

6.96-7. I8 (m) 
7.33 7.35 (m) 

M = Ag 

A6' 6" A6 
- 1 .  I7 7.8 1 - 7.87 (m) -0.86 
-0.26 CU. 7.10' - 0.23 
-0.14 7.81-7.87 (m) - 0.02 
-0.60 8.19 (d, 38.2) - 0.43 
- 0.25 - 0.20 

+ 0.25 + 0.30 
8.25-8.27 (m) 

7.07-7.21 (m) 
7.38 (t of d, J 7.2, I .2) 

" In CDCI, at 25 "C (for assignments see Fig. 1); J values in Hz. 
Chemical shift estimated from 

two-dimensional 'H-'H shift correlation spectrum since resonance is 
obscured by PPh, resonances. 

A6 = G(complex) - 6(free ligand). 

argon, probably due to decomposition to copper(i1) species. 
The largest chemical shift difference in the 'H NMR spectra on 
co-ordination of terpyridine to the Cu' or Ag' metal centres 
occurs for the protons H' and H1 which are adjacent to the 
pyridyl nitrogens N' and N3 respectively. These protons are 
shielded on co-ordination and exhibit shifts of 1.17 and 0.86 
ppm to lower frequency for the copper(1) and silver(1) 
compounds respectively. The triphenylphosphine ligands 
exhibit two resonances in the 'H NMR spectra for both 
compounds of relative intensity 6 : 24 which are attributable to 
the protons para- to the @so carbon and ortho-, rneta- to the 
ips0 carbon respectively. For both complexes the { 'H)-' 3C 
resonances of the pyridyl ring containing N' are equivalent to 
those of the pyridyl ring containing N3. Hence in solution at 
room temperature on the NMR time-scale, the distal rings of 
the terpyridine Iigand are equivalent. Overall the NMR data 
point to the co-ordination of the terpyridine and triphenyl- 
phosphine ligands to the copper(1) and silver(r) ions in solution. 

Molecdur Structure of' [Cu(PPh,),(terpy)]C104 1 .-The 
molecular structure consists of a discrete monomer with an 
N,P, donor set in a distorted trigonal-bipyramidal copper 
co-ordination geometry (Fig. 2). Positional parameters for the 
non-hydrogen atoms are given in Table 4, and selected bond 
lengths and angles in Tables 5 and 6 respectively. The trigonal 
plane is defined by atoms P(l), P(2) and N(2), with the copper 
atom lying out of the plane by 0.10 A. The metal centre forms 
bonds of length 2.257(1), 2.289(1) and 2.102(3) A to P(1), 
P(2) and N(2) respectively which lie within the range observed 
for a series of other copper(r) com ounds [Cu-P 2.246(3)- 
2.295(3), Cu-N 1.999(9)-2.161(13) I].'' l 3  The metal atom 
also forms longer Cu-N bonds to the distal pyridyl nitrogens 
N(1) and N(3) of the terpy ligand [2.386(3) and 2.535(4) A 
respectively], these distances being well outside the above 
Cu-N range. Thus the equatorial donor atom N(2) co-ordinates 
more strongly to the copper atom than do the two axial donor 
atoms N(1) and N(3). The angles subtended at the copper in 
the trigonal plane are 109.6(1), 121.5(1) and 128.3(1)' for 
N(2)-Cu-P(2), N(2)-Cu-P( 1)  and P( 1 )-Cu-P(2) respectively, 
two of these values showing some distortion from the ideal 
angle of 120" for a regular trigonal bipyramid. However the 
P( 1)-Cu-P(2) angle is consistent with the P-Cu-P angles 
observed for tetrahedral bis(tripheny1phosphine) copper(]) 
complexes, where angles of greater than 120" are found,13 in 
part due to repulsions between the phenyl rings of the 
triphenylphosphine ligands. 

Slightly longer axial copper-nitrogen bonds in comparison 
with those within the equatorial plane have been reported for a 
series of copper(1r) terpyridine complexes. l4 In these, the 
central pyridyl nitrogen atoms have Cu-N bond lengths in the 

Table 3 I3C NMR data for [M(PPh3)2(terpy)]C104 (M = Cu or Ag) 

M = CU 

6"  A6 6 ' I  A6 

M = Ag 

C', C15 
c2, Cl4 
c3, CI3 
c4, c I 2  

c5, c" 
c', c9 
C8 
C' 

c6,  C'O} 

cii 
ciii 

Civ 

149.2 
124.6 
138.0 
123.3 

153.6, 154.3 

124.5 
139.9 
132.4 [J(PC) 25.41 
133.2 [J(PC) 13.61 
128.6 [J(PC) 7.81 
130.0 

+0.1 
+ 0.9 
+ 1.2 
+ 2.2 

- 1.7, - 

+ 3.6 
+ 2.0 
-4.7 
- 0.5 
+0.1 
+ 1.3 

149.8 
124.5 
138.1 
123.0 

1.9 153.7, 154.1 

123.3 
140.0 
132.0 [J(PC) 23.33 
133.3 [J(PC) 15.63 
128.9 [J(PC) 9.81 
130.4 

+ 0.7 
+ 0.8 
+ 1.3 
+- 1.9 

- 1.6, -2.1 

+ 2.4 
+2.1 
-5.1 
- 0.4 
+ 0.4 
+ 1.7 

' In CDCl, at 25 "C (for labelling see Fig. 1); J values in Hz. 
7.9 Hz (C"'). 

A6 = G(comp1ex) - 6(free ligand). ' J(PC) for free PPh,: 9.8 (Ci), 19.6 (C"), 
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Table 4 Fractional atomic coordinates for [Cu(PPh,),(terpy)]C104 1 with estimated standard deviations (e.s.d.s.) in parentheses 

Atom Xi'a Ylh 
C U  -0.221 50(3) 0.178 30(4) 
CI 0.253 46( 12) 0.287 61 (9) 

- 0.144 86(7) 
- 0.375 3 I(7) 

0.315(1) 
0.163( 1) 
0.258( 1 )  
0.281(1) 
0.236(2) 
0.168( 1 ) 
0.300( 1 ) 
0.279(3) 

- 0.143 7( 2) 
- 0.159 4(2) 
-0.261 O(3) 
-0.121 l(3) 
~ 0.052 7(4) 
~ 0.003 l(4) 

- 0.096 O(3) 
- 0.025 2(3) 

-0.121 6(3) 
-0.105 3(3) 
- 0. I28 4(4) 
- 0.162 8(3) 
~ 0. I76 9(3) 
- 0.21 1 7(3) 
- 0.194 4(4) 
~ 0.229 6(4) 
-0.282 8(4) 
- 0.298 2(4) 
- 0 . 1 5 1  9(3) 
- 0.074 3(3) 
- 0.085 6(4) 

0.210 Ol(7) 
0.198 67(7) 
0.330( 1) 

0.30 1 ( 1 ) 
0.203( 1 )  
0.195(1) 
0.299( 2) 
0.3 1 O( 1) 
0.34 1 (3) 
0.281 2(2) 
0.104 4( 2) 
0.018 7(2) 
0.364 6(3) 
0.408 7(3) 
0.364 2(4) 
0.278 4(3) 
0.239 8(3) 
0.146 9(3) 
0.105 3 3 )  
0.01 8 2(4) 

0.01 7 9( 3) 

0.31 9( I )  

- 0.025 9(3) 

- 0.028 8(3) 
-0.116 2(3) 
-0. I55 7(3) 
-0.109 2(3) 
-0.023 6(4) 

0.326 8(3) 
0.380 7(3) 
0.469 3(3) 

zic 
0.235 76(2) 
0.542 55(7) 
0.331 61(5) 
0.208 69(5) 
0.508( 1) 
0.519( 1) 
0.613( 1 )  
0.522( 1 ) 
0.540( 1 ) 
0.544( 1 ) 
0.598( 1 )  
0.497(2) 
0.168 7(1) 
0.161 8(1) 
0.254 l(2) 
0.1 80 9(2) 
0.149 l(3) 
0.103 4(3) 
0.089 8(2) 
0.122 5(2) 
0.1 10 8(2) 
0.050 9(2) 
0.043 4(2) 
0.095 6(2) 
0.154 9(2) 
0.212 7(2) 
0.224 5(3) 
0.279 3(3) 
0.319 2(2) 
0.304 l(3) 
0.348 2(2) 
0.353 2(2) 
0.360 9(3) 

Xja 
-0.170 2(4) 
-0.247 l(4) 
-0.238 O(3) 
-0.180 7(3) 
-0.224 l(3) 
- 0.253 4(4) 
- 0.237 5(4) 
-0.195 O(5) 
-0.165 l(4) 
- 0.020 7(3) 

0.032 l(4) 
0.124 6(4) 
0.164 9(4) 
0.115 4(3) 
0.022 l(3) 

-0.414 7(3) 
-0.376 7(3) 
-0.406 l(4) 
-0.472 6(4) 
-0.508 7(4) 
- 0.480 7(3) 
-0.452 7(3) 
- 0.546 6( 3) 
-0.599 5(4) 
-0.563 l(4) 
-0.473 O(4) 
-0.418 O(3) 
-0.414 4(3) 
- 0.380 7(3) 
- 0.399 5(4) 
- 0.450 6(5) 
-0.483 6(4) 
- 0.467 9(4) 

Ylb 
0.505 9(3) 
0.454 6(2) 
0.365 5(3) 
0. I56 4(3) 
0.199 O( 3) 
0.153 O(4) 
0.065 4(4) 
0.022 6(4) 
0.068 5(3) 
0.185 l(3) 
0.186 6(4) 
0.165 O(4) 
0. I39 6(4) 
0.138 7(4) 
0.160 6(3) 
0.295 7(3) 
0.375 8(3) 
0.452 l(3) 
0.448 7(4) 
0.370 3(4) 
0.294 l(3) 
0.201 3 3 )  
0.225 O(4) 
0.230 O(4) 
0.212 8(4) 
0.188 8(3) 
0.182 5(3) 
0.106 4(3) 
0.096 8(3) 
0.022 l(4) 

-0.043 8(4) 
- 0.036 3(4) 

0.038 4(3) 

Z I C  
0.364 7(2) 
0.359 3(2) 
0.351 l(2) 
0.407 9(2) 
0.458 O(2) 
0.512 8(2) 
0.517 3(3) 
0.468 l(3) 
0.413 2(3) 
0.335 7(2) 
0.392 7(3) 
0.394 9(3) 
0.338 2(4) 
0.280 3(3) 
0.278 3(2) 
0.162 O(2) 
0.182 4(2) 
0.152 4(3) 

0.080 6(3) 
0.1 1 1  4(2) 
0.278 3(2) 
0.270 4( 3) 
0.325 O(3) 
0.387 l(3) 
0.394 9(3) 
0.340 8(2) 
0. I58 3(2) 
0.095 8(2) 
0.059 3(3) 
0.085 6(4) 
0.146 9(4) 
0.183 l(3) 

0.100 5(3) 

6 

C 

Fig. 2 Thermal ellipsoid diagram for [Cu(PPh,),(terpy)]CI04 1 
drawn at the 50% probability level. Only the ips0 carbons 
of the PPh, rings are included for clarity 

range 1.923(5)-1.957(6) A, whereas the distal pyridyl nitrogens 
have the longer Cu-N distances of 2.029(5)-2.059(6) A. The 
radius of the Cu' ion is expected to be only slightly larger than 
that of Cu" ( < 0.05 A).' Although conclusions drawn from size 
comparisons of the 3d Cu" and 3d l o  Cu' ions should be made 
with caution. it is noted that the longer Cu-N(2) distance of 
2.102(3) A observed for the central pyridine nitrogen in 
compound 1, compared with those reported for copper(r1) 
terpyridine compounds is consistent with the increase in ionic 
radii in going from Cu" to Cu'. However the increase in the Cu- 
N distances for the distal nitrogens, N( 1 )  and N(3), in 1 is as 
much as 0.5 A, an increase which cannot simply be attributed to 
the larger radius of Cu'. This observation of long axial copper- 

L3 

nitrogen bonds has also been reported for a series of penta- 
dentate ligands which form distorted trigonal-bipyramidal five- 
co-ordinate copper(1) c ~ m p l e x e s . ~ * ~ . ~  Where the ligand is the 
macrocycle formed from the condensation reaction of 2,6- 
diacetylpyridine with I ,  lO-diarnino-4,7-dithiadecane, L3,4 it has 
been suggested that it is too large for the Cu' ion and as a result 
the ligating atoms in the equatorial plane are tightly bound 
with the remaining donor atoms fitting in as best they can. 
However in the complex [CUL~]BF,~  and the related complex 
[CuL4]BF4 [L4 = 2,6-bis( 1 -{ [2-(2-pyridyl)ethyl]imino}ethyl)- 
~yr id ine] ,~  the acyclic ligands do not possess this degree of 
conformational rigidity yet long axial bonds are still observed. 
The significant number of trigonal-planar three co-ordinate 
copper(1) complexes now characterized suggests that the 
electronic requirements of the Cu' ion can be satisfied by this 
stereochemistry. Thus it appears that if a trigonal-bipyramidal 
five-co-ordination is demanded by the ligand bound to 
copper(I), a distorted geometry will result with the equatorial 
bond lengths being at the upper end of the range expected for 
trigonal copper(1) complexes and the axial bond lengths being 
significantly longer. 

The terpyridine ligand in complex 1 is non-planar with 
angles of 27.5" between the pyridyl ring containing nitrogen 
N( 1)  and that containing N(2), and of 3 I .3" between the pyridyl 
ring containing N(2) and that containing N(3). In contrast the 
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Table 5 Selected bond lengths (A) for [M(PPh,),(terpy)]CIO, (M = Cu or Ag) with e.s.d.s. in parentheses 

P( 1)-M 
P ( 2 W  
N( 1)-M 
N(2)-M 
N(3)-M 
N( l)-C(Ol) 
N( 1)-C(O5) 
N( 2)-C(06) 
N(2)-C(O 10) 
N(3)-C(011) 
N(3)-C(015) 
C(0 1)-C(02) 
C(02)-C(03) 

M = CU 
2.257( 1 ) 
2.289( 1 ) 
2.386( 3) 
2.102( 3) 
2.5 3 5(4) 
1.337(6) 
1.341(5) 
1.353(5) 
1.353(5) 
1.333(6) 
1.33 1 (7) 
1.374(8) 
1.37 l(9) 

M = Ag 
2.492( 1 ) 
2.525(1) 
2.6 14(2) 
2.457(2) 
2.56 1 (2) 
1.348(3) 
1.331(4) 
1.349(3) 
I .354(3) 
1.341(3) 
1.336(3) 
1.372(4) 
1.361(5) 

C( 03)-C(04) 
C( 04)-C( 05) 
C(05)-C(06) 
C(06)-C(07) 
C( 07)-C(08) 
C(08)-C(09) 
C(O9)-C(OlO) 
c(010)-c(011) 
C(011)-C(O12) 
C(0 12)-C(013) 
C(013)-C(014) 
C(O14)-C(OI 5 )  

M = CU 
1.376(8) 
1.37 l(6) 
1.484(6) 
1.397(6) 
1.383(8) 
1 .364( 7) 
1.398(6) 
1.476(6) 
1.380(6) 
1.378(8) 
1.339(8) 
1.361(7) 

M = Ag 

1.388(5) 
1.382(4) 
1.498(3) 
1.378(4) 
1.378(4) 
1.370(5) 
1.396(4) 
1.470(4) 
1.390(4) 
1.388(4) 
1 .349( 5 )  
1.382(4) 

Table 6 Selected bond angles (") for [M(PPh,),(terpy)]CIO, (M = 

P(1)-M-P(2) 
P( 1 )-M-N( 1 ) 
P(1)-M-N(2) 
P( 1 )-M-N( 3) 
P(2)-M-N( 1) 
P(2)-M-N(2) 
P(2)-M-N(3) 
N( 1)-M-N(2) 

M = C U  M = A g  
128.3(1) 
97.1( 1)  

121.5( 1 )  
100.7(1) 
104.2( 1) 
109.6( 1 ) 
86.9( 1) 
74.1(1) 

121.8( 1 )  
104.4( 1 ) 
134.7( 1) 
101.1(1) 
105.3( 1 ) 
103.2( 1) 
96.3( 1 )  
65.1(1) 

Cu or Ag) with e.s.d.s. in parentheses 

N(l)-M-N(3) 

M-N( 1 )-C(0 1 ) 

M-N(2)-C(06) 

N(2)-M-N(3) 

M-N( I)-C(O5) 

M-N(2)-C(O 10) 
M-N(3)-C(OlO) 
M-N(3) C(O15) 

M = CU 
146.1 (1) 
72.0( 1 )  

I29.7(3) 
110.5(3) 
118.8(3) 
1 2 1.2(2) 
107.7( 3) 
132.6(3) 

M = Ag 
130.0( 1 ) 
66.3( 1) 

122.8(2) 
11  5.7(2) 

1 19.4(2) 
114.4(1) 
121 3 1 )  

122.1( 1) 

non-planarity of the entire ligand is much less evident in the 
copper(I1) terpyridine compounds [Cu(terpy)(H20)(C40,)]. 

(H20)]N03 and [ C U ( ~ ~ ~ ~ ~ ) ( N C O ) ( H , O ) ~ ~ F , , " ~  where 
angles between pyridyl rings are much smaller (in range 0.65- 
3.29'). Only small deviations from planarity are observed when 
terpyridine is co-ordinated to other first-row transition 
metals,20 but for the larger d" Hg" ion complexes [Hg- 
(CF,),(terpy)] 2 1  and [HgMe(teterpy)]N0322 (teterpy = 
4,4',4"-triethyl-2,2' : 6',2"-terpyridine) the angles between the 
distal pyridyl rings and the central pyridyl ring are in the range 
15.421.5". The deviations from planarity in the terpyridine 
ligands of these latter mercury(r1) complexes appear to be 
necessary to accommodate the longer metal-nitrogen bonds 
[2.26(2)-2.70(2) A] observed in these compounds. Similarly the 
non-planar conformation of the terpyridine in compound 1 
arises from the need for the ligand to accommodate the longer 
Cu-N bonds to the distal nitrogens, N(l) and N(3). 

H 2 ° 7  ~ C u 2 ( t e r ~ ~ ) 2 ( H 2 0 ) 2 ( C 4 0 ~ ~ ~ ~ C ' 0 4 1 2 ~  CCu(terpy)(NCo)- 

Molecular Structure of [Ag(PPh,),(terpy)]CIO, 2.-The 
molecular structure of complex 2 is similar to that of 1, with 
distorted trigonal-bipyramidal co-ordination geometry for the 
metal and an N3P2 set of donor atoms (Fig. 3). Positional 
parameters for non-hydrogen atoms are given in Table 7, and 
selected bond lengths and angles in Tables 5 and 6 respectively. 
The trigonal plane is defined by atoms P( l), P(2) and N(2), with 
the metal centre displaced by 0.08 8, from it. Axial bonds are 
formed between the silver atom and the distal nitrogens N(l)  
and N(3). The silver-phosphorus bonds Ag-P( 1 )  and Ag-P(2), 
are 2.492(1) and 2.525(1) A long respectively, which lie within 
the range of distances observed [2.467(2)-2.556( 1)  A] for 
[AgCl(PPh,),] (where n = 2 or 3).23,24 The metal centre forms 
a bond of length 2.457(2) 8, to the nitrogen of the central pyridyl 
ring, N(2). This value is in accord with the silver-nitrogen 
distances observed for the five-co-ordinate ligand in [Ag(qpy)]- 
PF,[2.439(13)-2.479(23) A]' but longer than the value of 
2.317(9) 8, observed for the equatorial Ag-N distance in the 
silver(1) complex of the macrocyclic ligand L3., As was observed 
for complex 1, longer axial bonds are formed to the nitrogen 
atoms N(l) and N(3) of the distal pyridyl rings, with bond 
lengths of 2.614(2) and 2.561(2) 8, respectively. Both the Ag- 

Fig. 3 Thermal ellipsoid diagram for [Ag(PPh,),(terpy)]ClO, 2 
drawn at the 50% probability level. Only the ips0 carbons 
of the PPh, rings are included for clarity 

N( 1) and Ag-N(2) distances are significantly longer than those 
observed in the five-co-ordinate silver(1) complex [Ag(qpy)]- 
PF,, but the Ag-N(3) bond length does not differ significantly 
from the silver-nitrogen distance of 2.570(5) 8, found in 
[Ag(PPh,),(py)Br] . (py = ~ y r i d i n e ) . ~ ~  The Ag-N(1) bond 
length is however significantly shorter than the axial silver- 
nitrogen interactions of 2.7408(10) A reported for a binuclear 
six-co-ordinate silver(1) compound.26 

Despite the similarity in overall co-ordination geometry 
between compounds 1 and 2 there is a larger range of metal- 
nitrogen distances observed for the former [2.102(3)-2.535(4) 
A] than for the latter [2.457(2)-2.614(2) A]. At the same time 
complex 2 exhibits a greater distortion from ideal trigonal- 
bipyramidal geometry with the three angles lying in the 
equatorial plane, P( I)-Ag-P(2), P( l)-Ag-N(2) and P(2)- 
Ag-N(2), observed at 121.8(1), 134.7( 1) and 103.2(1)' respec- 
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Table 7 Fractional atomic coordinates for [Ag(PPh,),(terpy)]C104 2 with e.s.d.s. in parentheses 

0.065 63(2) 

0.124 65(6) 
--0.512 17(8) 

-- 0.143 53(6) 
-0.557 4(4) 
- 0.604 4(3) 
-0.378 l(3) 
- 0.497 3(4) 

0.01 9 9(2) 
0.182 O(2) 
0.250 O(2) 

- 0.077 O(3) 
-0.136 2(3) 
-0.098 3(4) 

0.000 4(4) 
0.060 O(3) 
0. I70 2(3) 
0.253 O(3) 
0.351 3(4) 
0.363 6(3) 
0.278 5(2) 
0.289 l(2) 
0.334 O(3) 
0.338 4(3) 
0.302 3(3) 
0.259 6(3) 

-0.027 O(3) 
-0.158 l(3) 
-0.274 3(3) 
- 0.262 O(4) 
- 0.135 6(5) 

0.208 92( 1 ) 
0.277 46(4) 
0.231 21(4) 
0.264 12(4) 
0.3 13 3(2) 
0.285 8(2) 
0.328 O(2) 
0.186 5(2) 
0.033 6( I )  
0.153 4(1) 
0.328 6( 1) 

-0.021 3(2) 
-0.105 8(2) 
- 0.134 7(2) 
- 0.079 3(2) 

0.003 3(2) 
0.064 6(2) 
0.030 6(2) 
0.089 8(2) 
0.180 6(2) 
0.21 1 O(2) 
0.307 6(2) 
0.374 l(2) 
0.464 3(2) 
0.485 3(2) 
0.416 O(2) 
0.236 6(2) 
0.230 4(2) 
0.238 l(2) 
0.250 O(2) 
0.254 4(3) 

0.253 06( 1 )  
0.732 63(4) 
0.098 93(3) 
0.319 38(4) 
0.656 2(2) 
0.802 O(2) 
0.752 7(2) 
0.718 5(3) 
0.269 I(1) 
0.376 3( 1) 
0.324 6(1) 
0.222 4(2) 
0.247 5(2) 
0.324 8(3) 
0.374 4(2) 
0.343 l(2) 
0.392 8(2) 
0.451 7(2) 
0.496 9(2) 
0.482 9(2) 
0.421 3(2) 
0.403 l(2) 
0.464 9(2) 
0.444 8(2) 
0.365 2(2) 
0.306 6(2) 
0.029 7(2) 
0.068 8(2) 
0.01 9 5(2) 

- 0.067 O( 3) 
.0.106 2(2) 

- 0.0 1 5 5(4) 
0.218 6(2) 
0.192 O(3) 
0.252 2(4) 
0.340 4(2) 
0.369 8(3) 
0.309 4(3) 
0.233 5(3) 
0.373 9(3) 
0.452 8(4) 
0.398 7(6) 
0.262 2(5) 
0.179 8(4) 

-0.174 7(3) 
-0.093 O(3) 
- 0.108 8(4) 
-0.210 2(4) 
-0.291 3(4) 
-0.273 6(3) 
-0.141 3(3) 
- 0.037 6(4) 
- 0.026 O(4) 

- 0.225 O(4) 
- 0.234 5(3) 
-0.305 7(3) 
-0.304 O(3) 
- 0.420 7(3) 
-0.537 O(3) 
-0.537 9(3) 
-0.423 8(3) 

-0.122 3(5) 

Ylb 
0.246 6(2) 
0.151 3(2) 
0.062 3(2) 

0.01 8 4(2) 
0.106 O(2) 
0.173 7(2) 
0.340 9(2) 
0.350 9(2) 
0.436 4( 3) 
0.510 8(3) 
0.500 5(2) 
0.41 5 O(2) 
0.374 9(2) 
0.41 7 l(2) 
0.502 4(2) 
0.546 5(2) 
0.504 6(2) 
0.421 2(2) 
0.280 l(2) 
0.344 2(3) 
0.361 l(3) 
0.3 12 5( 3) 
0.245 7(3) 
0.229 9(2) 
0.187 2( 2) 
0.095 6(2) 
0.032 O(2) 
0.058 3(2) 
0.148 2(2) 

-0.004 l(2) 

0.210 O(2) 

Z i c  
- 0.057 O(2) 

0.042 5(2) 
0.068 5(2) 
0.026 O(2) 

- 0.040 9(2) 
-0.066 l(2) 
- 0.025 2(2) 

0.084 3(2) 
0.1 10 7(2) 
0.111 4(2) 
0.089 l(3) 
0.061 l(3) 
0.058 3(2) 
0.285 7(2) 
0.221 6(2) 
0.195 9(3) 
0.233 8(3) 
0.296 7(3) 
0.323 5(2) 
0.435 9(2) 
0.470 4(2) 
0.557 5(2) 
0.611 2(2) 
0.578 O(2) 
0.490 5(2) 
0.295 9(2) 
0.31 1 3(2) 
0.290 6(2) 
0.255 O(2) 
0.239 6(2) 
0.260 6(2) 

tively, values which show a greater spread than do their 
counterparts in complex I [128.3(1), 121.5(1), 109.6(1)"]. 
Moreover the angles between the axial donors [N( l), N(3)] and 
the two equatorial phosphorus atoms [uiz. P( 1)-Ag-N( l), P( 1)- 
Ag--N ( 3 ) ,  P( 2)-Ag-N( 1 ), P( 2)-Ag-N( 3)] at 1 04.1 ( 1 ), I 0 1 . I  ( 1 ), 
l05.3( I )  and 96.3(1)" respectively are greater than the 
corresponding angles in I [97.1( l), 100.7( I), 104.2( l), 86.9( I)"]. 
Of particular interest is the very significant decrease in angles 
between the nitrogen donors in the terpyridine ligand 
[N( I)-Ag-N(2), N(2)-Ag-N(3) and N(1)-Ag-N(3) at 65.1(1), 
66.3( 1 )  and 130.0( 1)" respectively in 2 in comparison with the 
corresponding angles observed in complex 1 of 74.1 (l), 72.0( 1 ) 
and 146.1 ( l)"]. These effects probably result from the longer 
Ag-N bond lengths observed and the greater flexibility in the 
co-ordination capabilities of silver(1). As was observed in the 
copper(r) complex I ,  in complex 2 the terpyridine ligand is 
non-planar with an angle of 24.2" between the pyridyl ring 
containing atom N( 1) and that containing atom N(2), and an 
angle of 28.1" between this latter ring and that containing the 
nitrogen atom N(3). 

Experimental 
All reactions were routinely performed under dinitrogen 
using standard Schlenk techniques. The compounds [Cu- 
(PPh,),(MeCN),]CIO, and [Ag(PPh,),]CIO, were prepared 
according to literature procedures. ' 0 7 2 7  2,2' : 6',2"-Terpyridine 
(Aldrich) was used as supplied. Nuclear magnetic resonance 
spectra were recorded on a JEOL GX270W spectrometer and 
infrared spectra on a BIORAD FTS-40 instrument as Nujol 
mulls between KBr discs. Mass spectra were obtained using a 
Varian VG70-250s double focussing magnetic sector mass 
spectrometer by the method of liquid secondary ion mass 
spectrometry (LSIMS) at the Horticulture and Food Research 
Institute of New Zealand Limited, Palmerston North. Samples 
were dissolved in CH,Cl, with m-nitrobenzyl alcohol as a 

matrix. Elemental analyses were carried out using standard 
techniques by the Campbell Microanalytical Laboratory, 
University of Otago. 

Preparation of [Cu(PPh,),(terpy)]ClO, 1 .-2,2' : 6',2"-Ter- 
pyridine (47 mg, 0.2 mmol) dissolved in CH,CI, ( 5  cm3) was 
added to [Cu(PPh,),(MeCN),]C1O4 (1  54 mg, 0.2 mmol) in the 
same solvent (1 5 cm3). The solution immediately turned yellow. 
Ethanol (40 cm3) was added and the solution heated under a 
brisk flow of dinitrogen until small yellow crystals began to 
form. The solution was allowed to cool to room temperature 
and the product was collected by vacuum filtration, washed 
with a small volume of cold ethanol and dried in uacuo. Yield: 
122 mg (66%) (Found: C, 66.30; H, 4.60; N, 4.60. Calc. for 
C,,H,,CICuN,O,P,: C, 66.50; H, 4.50; N, 4.557;); IR (cm-') 
1095vs v(ClO,-). 

Preparation of [Ag(PPh,),(terpy)]ClO, 2.-2.2' : 6',2"-Ter- 
pyridine (47 mg, 0.2 mmol) dissolved in CH,Cl, ( 5  cm3) was 
added to [Ag(PPh,),]ClO, (146 mg, 0.2 mmol) dissolved in 
CH,Cl,+thanol (1 : 4,25 cm3). The resultingcolourless solution 
was heated under a brisk flow of dinitrogen until the volume 
was approximately 15 cm3. The solution was then allowed to 
cool to room temperature. The white crystalline product which 
formed was collected by vacuum filtration, washed successively 
with a small volume of cold ethanol, then diethyl ether and dried 
in uucuo. Yield: 134 mg (69%) (Found: C, 63.25; H, 4.25; N, 4.05. 
Calc. for C,,H,,AgCIN,O,P,: C, 63.45; H, 4.30; N, 4.35%); IR 
(cm-') 1095vs v(CIO,-). 

Crystal Structure Determination of (2,2' : 6',2"-Terpyridine- 
K~N,N',N' ' )~~S( triphenylphosphine-~P)copper(~) Perchlorate I .  
-Yellow crystals of complex 1 were obtained by slow 
evaporation of an ethanol-dichloromethane solution. 

Crystal data. C, ,H,,C1CuN30,P,, M = 920.9, monoclinic, 
space group P2,/c, a = 14.430(3), b = 15.282(3), c = 
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20.294(3) A, p = 91.97(1)", U = 4472.6 A3 (from least-squares 
refinement of the setting angles of 25 reflections; 13.9 
d 8 d 15.9"), Mo-Kcr radiation, h = 0.710 73 A, Z = 4, 
D, = 1.367 g ~ m - ~ ,  F(000) = 1904, ~(Mo-Kcr) = 6.7 cm 

Data collection and processing. Enraf-Nonius CAD-4 dif- 
fractometer at 290 K, w 2 8  scan mode with graphite- 
monochromated Mo-KX radiation, w scan angle (1.0 + 0.34 
tan €I)', fixed scan speed 1.65" min-', 61 16 reflections measured 
(0.0 d 8 d 22.5", +h, + k ,  & I ) .  The intensities of three 
standard reflections were monitored every hour of X-ray 
exposure time and showed no significant loss of intensity. Of the 
reflections measured, 5566 were unique [merging Rin, = 0.0 15 
after data corrected for Lorentz and polarisation effects and 
absorption correction applied (maximum and minimum trans- 
mission factors = 0.999, 0.979)] giving 4062 reflections with 

Structure analysis and reJinement. Structure solution was by a 
combination of Patterson and Fourier techniques. Full-matrix 
least-squares refinement with anisotropic thermal motion 
assumed for all non-hydrogen atoms. Some disorder was noted 
for the oxygen atoms of the perchlorate group and site 
occupancies of 0.6 and 0.4 were chosen for O(1)-0(4) and 
O( 1 I)-O( 14) respectively. These values were based on a 
consideration of thermal parameters. Hydrogen atoms in 
calculated positions (C-H 0.96 A). At convergence R and R' 
were 0.042 and 0.05 1 respectively for the 6 14 parameters refined. 
The weighting function minimised was Cw(IFoI - with 
W~ = [a'(F,) + 0.021 75FO2]. 

FO2 > 30(Fo2). 

Crystal Structure Determination of (2,2' 1 6',2"- Terpyridine- 
~~N"',N'')bi~(triphenylphosphine-~P)silver(~) Perchlorate 2.- 
Colourless crystals of complex 2 were obtained by slow 
evaporation of an ethanol-dichloromethane solution. 

Crystul duta. C, 1H41AgCIN,04P2, M = 965.2, triclinic, 
space group Pi, a = 9.706(2), b = 14.993(5), c = 15.614(6) A, 

(from the least-squares refinement of the setting angles of 25 
reflections; 13.5 < 8 < 16.6"), Mo-KX radiation, h = 0.710 73 
A, 2 = 2, D, = 1.429 g cm 3 ,  F(OO0) = 988, ~ ( M o - K x )  = 6.2 
cm l .  

Data collection andprocessing. Enraf-Nonius CAD-4 diffrac- 
tometer at 290 K, 0-28 scan mode with graphite-monochro- 
mated Mo-Ka radiation, w scan angle ( 1  .O + 0.34 tan O)", 
variable scan speed 1.1-8.2" min-', 8393 reflections measured 
(0 d 8 < 25O, + h, & k ,  ? I ) .  The intensities of three standard 
reflections were monitored every hour of X-ray exposure time 
and showed no significant loss of intensity. Of the reflections 
measured, 7367 were unique [merging R,,, = 0.030 after data 
corrected for Lorentz and polarisation effects and absorption 
correction applied (maximum and minimum transmission 
factors = 0.999, O.S57)] giving 6829 reflections with Fo2 > 
3 a( F, ) 

Structure analysis and refinement. Structure solution was by a 
combination of Patterson and Fourier techniques. Full-matrix 
least squares refinement with anisotropic thermal motion 
assumed for all non-hydrogen atoms. Hydrogen atoms in 
calculated positions (C-H 0.96 A). At convergence R and R' 
were both 0.043 for the 578 parameters refined. The weighting 
function minimised was Cw(lF,I - with u' = [02(F,)  + 
0.024 I 1 FO2].  

For both structures computations were performed with the 
SDP-PLUS 2 8  package and SHELX 76 29 program. 

Additional material available from the Cambridge Crystallo- 
graphic Data Centre comprises H-atom co-ordinates, thermal 
parameters and remaining bond lengths and angles. 

x = 91.30(3), p = 90.08(2), y = 99.08(2)", U = 2243.0 A3 
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