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Abstract

The interaction of two tri-linked N,S,-donor macrocyclic ligands, 1 (R = H) and 2 (R = H), and their related single ring derivatives, 3
(R =H) and 4 (R = CH,C¢Hjs), with copper(I) is reported. Solid 3:1 (metal:ligand) complexes of type [CuzL](PF¢); (L =1and 2, R =H)
and single ring derivatives of type [CuL]PFs (L =3, R=H; L =4, R = CH,C4Hs) were isolated; the X-ray structure of [CuL]PF¢
(L =3, R =H) showed that the four macrocyclic donor atoms coordinate to the copper(I) in a quasi-tetrahedral manner (Cu-N

2.089, 2.096(4); Cu-S 2.239, 2.264(2) A, X-Cu-Y 104.5(1)-115.4(1))°.
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The synthesis of saturated S,N,-donor macrocycles,
together with aspects of their metal coordination chemis-
try, have now been the focus of a considerable number of
studies [1]. For example, we have investigated the use of
mixed nitrogen—sulfur donor macrocyclic species as selec-
tive reagents for individual transition and post-transition
metal ions [2-6]. Our studies have included solution and
solid state aspects of the interaction of the three-ring mac-
rocyclic ligands 1 and 2 (R = H or CH,CgHs) with palla-
dium(II) [2] and platinum(II) [2] and silver(I) [3]. In each
case corresponding trinuclear complex cations of type
[MsLT"" (L=1 or 2, R=H or CH,C¢Hs); (M =Ag,
n = 3; Pd, Pt, n = 6) were shown to form. The N,S,-donor
set of each macrocyclic ring was expected on HSAB princi-
ples to show a strong affinity for these soft metal ions and
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the available evidence confirms that this is so. However, in
no case has it been possible to obtain crystals suitable for
an X-ray structure determination and hence it was not pos-
sible to define the solid state coordination geometries of the
respective metal centres in these complexes directly. In view
of this, corresponding mononuclear complexes of type
[ML](PF¢), (M =Ag, n=1; Pd, Pt, n =2) incorporating
the single ring ligands 3 (R = H or CH,C4Hs) and 4 (R
= H or CH,C4Hs) were prepared in anticipation that the
smaller overall size of these latter species might aid the for-
mation of suitable crystals for X-ray diffraction. In the case
of palladium(Il) and 3 (R =H), this strategy proved
successful and suitable crystals for an X-ray structure
determination of mononuclear [PdL](PF¢), (L=3
R = H) were obtained [2]. The structure shows that the pal-
ladium is coordinated to all four donor atoms of the mac-
rocycle in a square planar manner, with the ligand
geometry around the 4-coordinate metal ion being slightly
puckered; physical measurements suggest that a similar
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coordination geometry occurs for each of the correspond-
ing complexes [Pd;L)(PF¢)s (L=1 and 2, R =H),
[PALIPFs), (L=3, R=H) and [PdL]PF¢), (L=4,
R =H).
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In a previous investigation Kaden et al. [7] determined
stability constants for the copper(I) (log K = 0.17) and cop-
per(Il) (logK =10.27) complexes of the parent (trans
donor) 16-membered macrocycle, 1,9-dithia-5,13-diazacy-
clohexadecane, but no solid complexes of copper(I) were
reported; nevertheless, based on molecular modelling it
was predicted that this ligand is capable of adopting a rel-
atively strain-free configuration around a tetrahedral metal
ion such as copper(I). In another study, the 1:1 copper(I)
complex of the isomeric cis-donor ligand, 1,5-dithia-9,13-
diazacyclohexadecane, was isolated and its X-ray structure
shows a close to tetrahedral (N,S,) coordination geometry
[8]. The coordination of all macrocyclic donors is perhaps
unsurprising since it has been proposed that copper(I)
has similar affinities for saturated N and thioether S donor
atoms [9].
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Complexes of an octamethyl derivative 5 of the above
‘parent’ 16-membered macrocycle [10] with cobalt(Il),
nickel(II), copper(Il), copper(I), zinc(Il), palladium(II),
rhodium(III) [11], silver(I) [12], cadmium(II), lead(II) and
mercury(Il) [11] have been reported. The crystal structures

of [CoLX,] (X=CI or Br), [CuLCl]-0.5C;Hg [11],
[AgL(OCCH;)]- 2H,0, [RhLCL]JPF,, [PdL)(PFg), [13]
and [PAL]CI, - 2H,0 [14] show in each case that square pla-
nar (or near square planar) arrangements of the macrocy-
clic donors occur around the respective central metal ions.

We now report the synthesis of the four new copper(I)
species: [Cu;L](PFg); (L =1 and 2; R = H) and [CuL]PFg4
(L=3, R=H; L =4, R=CH,C¢Hs); the synthesis and
characterisation of the respective ligands has been reported
previously [2,3]. Reaction of [Cu(CH;CN)¢]PF¢ with 1
(R=H) or 2 (R=H) in a 1:3 molar ratio or with 3
(R=H) or 4 (R =CH,CgHs) in a 1:1 molar ratio in an
acetonitrile/methylene chloride solvent mixture under
nitrogen led to isolation of the corresponding 3:1 com-
plexes, [Cu;L](PF¢); (L=1, R=H) and (L=2, R=H)
[15], and 1:1 complexes, [CuL]PFs (L=3, R=H) and
(L =4, R = CH,CgHs) [16]. All products yielded satisfac-
tory microanalyses.

As also occurred for the palladium complex of 3
(R = H), we were only successful in isolating suitable crys-
tals for X-ray investigation in the case of the mononuclear
copper(I) complex of 3 (R =H); crystals of [CuL]PFq
(L =3, R =H) were obtained by dissolving the product
isolated from the synthetic procedure in methylene chloride
and then adding a small amount of carbon tetrachloride;
crystals formed at room temperature over several days [16].

In contrast to the square planar arrangement found in
[PAL)(PF¢), (L =3, R =H), the X-ray structure [17] of
[CuL]PF¢ (L =3, R = H) shows that the copper(I) site is

Fig. 1. Projection of the [CuL]" (L =3; R =H) cation, showing non-
hydrogen atoms with 20% probability amplitude displacement envelopes,
hydrogen atoms having arbitrary radii of 0.1 A. Cu-N(1,9) are 2.089,
2.096(4); Cu-S—(5,5") 2.264(2), 2.239(2) A; N(1)-Cu-N(9), S(5,5), N(9)-
Cu-S(5,5), S(5)-Cu-S(5) are 114.6(2), 109.4(2), 107.2(1), 105.9(1),
104.5(1), 115.4(2)°; the bond distances are similar to those in the 1:1
copper(I) complex of the cis-donor ligand, 1,5-dithia-9,13-diazacyclohex-
adecane [8]: Cu-N 2.050(6), 2.063(8); Cu-S 2.253(2), 2.255(2) A.
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quasi-tetrahedrally coordinated, being bound to all four
donors of the macrocycle (Fig. 1).

A single formula unit, devoid of crystallographic sym-
metry, comprises the asymmetric unit of the structure.
The cation, shorn of the benzyl pendant, has quasi-2 sym-
metry, but, although chiral and in a non-centrosymmetric
space group, the structure overall is racemic. All chelate
rings are six-membered ‘chairs’, ‘flatter’ at the copper
atom, those defined by C(6,7,8), C(2/,3/,4') more distorted
than the other pair. The amino-hydrogen H(9) is hydro-
gen-bonded to a face of the PF¢ anion, being essentially
equidistant (2.55-2.79 A (est.)) from F(4-6); it lies to the
same side of the macrocycle as the benzyl pendant, as in
the palladium(II) complex.

The 1:1 copper(I) complex of the related ‘trans’ N,S,
donor, dibenzo-substituted, unsaturated macrocycle 6 has
also been investigated by X-ray diffraction [18]. This com-
plex adopts a distorted tetrahedral arrangement with the
N(1)-Cu-N(2) bond angle =118.00° and the S(1)-Cu-—
S(2) bond angle = 132.07°; Cu-N are 1.981, 1.989(2) and
Cu-S 2.246, 2.247(1) A. The counter ion in this case is tri-
flate. Related copper(I) complexes of double ring, Naimine)-
S,-macrocycles have also been reported [19].

In this report we have demonstrated that both the pres-
ent tritopic ligands readily give 3:1 (metal:ligand) com-
plexes with copper(I) hexafluorophosphate while the
related single rings 3 (R = H) and 4 (R = CH,C¢Hjs) yield
analogous 1:1 products. These complexes expand the
known examples of the otherwise little studied [20] cate-
gory of N,S,-donor macrocyclic complexes incorporating
copper(I). The structure of [CuL]PF4 (L =3, R = H) once
again confirms that the 16-membered ring is able to span
four tetrahedral positions around copper(I) in an
unstrained fashion; it seems likely that a similar geometry
occurs for each metal site in the remaining three complex
species prepared in the present study.
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