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Reaction of the N-methylated bis(amidopyridine) ligand, LL = CgHa(1,3-CONMe-4-CsHsN),, with the silver salts
AgNO;, AgO,CCF3, AgO3SCF3, AgBF,, and AgPFg gave the corresponding cationic disilver(l) macrocycles [Agy-
(u-LL);]X,, 2a—e. The transannular silver-+-silver distance in the macrocycles varies greatly from 2.99 to 7.03 A,
and these differences arise through a combination of different modes of anion binding and from the presence or
absence of silver---silver secondary bonding. In all complexes, the ligand adopts a conformation in which the
methyl group and oxygen atom of the MeNCO units are mutually cis, but the overall macrocycle can exist in either
boat (X = PFs only) or chair conformation. Short transannular silver---silver distances are found in complexes
2b,c, in which the anions CF3CO,~ and CF3;SO;~ bind above and below the macrocycle, but longer silver---silver
distances are found for 2a,d,e, in which the anions are present, at least in part, inside the disilver macrocycle.
Easy anion exchange occurs in solution, and studies using ESI-MS indicate that the anion binding to form [Ag.X-
(u-LL),]* follows the sequence X = CF3CO;~ > NO3~ > CF3SO;3™.

Introduction

Ligands containing one or more amide functionality have

There is much current interest in the synthesis and Proved to be useful in self-assembly, since they give

properties of self-assembled hybrid organiicorganic mac-
rocyclic or polymeric compounds, which form a class of
molecular materials with potential applications as receptéfts.

predictable patterns of hydrogen bonding that can add extra
dimensionality and helicity to the supramolecular structures,
in a biomimetic fashion. The analogous N-methylated amide

Both the stereochemistry of the metal ion and the geometry functionality has not been exploited nearly as often, and

of the ligand affect the final coordination topology, and it

potential applications are more limited since hydrogen

follows that metals such as silver(l), which can adopt several bonding is not possible. Nevertheless, there is potential for

different coordination geometries, can yield a particularly
rich array of supramolecular structurég?
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new chemistry since the-N(Me)C(=O)— group tends to
exist with the methyl and oxygen substituents mutually cis
whereas the opposite conformation is most common for the
—NHC(=0)— group=2! and this conformational difference
affects the chemical and physical properties of the overall
molecule??23 For example, the amide group of the simple
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Chart 1. Possible Conformations of Ligard
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aromatic amideN-methylbenzanilide exists in the cis con-

formation in both the solution and the solid states, whereas F9ure 1., View of the structure of the nitrate compl@s: (a) top view;
. o o side view with central nitrate group omitted. Selected bond parameters:
’ (b) sid h | d. Selected bond
the amide group of benzanilide exists in the trans conforma- ag(1)-N(31) 2.156(3), Ag(1}N(11) 2.167(3), Ag(1}O(71) 2.528(2), Ag-

tion in the solid state. The cis conformation is common in ,(\IZBSTlI;l(AlAl)(lZ)-lﬁf(ai?i)),1?2(2(%1131(ﬁgéﬁ?l()i’»),O?%()Z-glo(zg%fﬁa9lg3g A,
) . o 13 ) o X —Ag(1)— 6(1), g~ . , g-

N-alkyl amide derlvat.|veé2, Bincluding derivatives with WO 071 92.93(6), N(ALYAG2)N(@1L) 174.7(1) N(ADAG(R)-0(72)

or moreN-methyl amide groups, though there are exceptions g7.g(1), N(21)-Ag(2)-0(72) 87.3(1).

to the rulett1314 The cis conformation at each of the

N-methyl amide groups in the terpyridyl ligand 1,3,5H3 Scheme 1

{CON(Me)-3-GH4N} s is preserved in its complexes with o o H3QN@N-A5-NQNP e
silver(l), copper(l), and copper(ll), thus demonstrating that HiC. \-CHa ° — °
the preferred conformation can be used in designing new2Agx+2 — X2
coordination compounds. \/ | f | o N ; )
This article reports the use of the N-methylated amidopy- N N Y dN@N‘Af‘NQ‘NbH
ridine ligand LL = N,N-dimethylN,N-di-4-pyridylisoph- ’ ’
thalamide,1 (Chart 1). The ligand could adopt several 23, X = NOg
conformations, as illustrated in Chart 1, but it will be shown §:§:§EZ§§§
that it adopts distorted forms of thgs, cis,syrconformation 2d, X = BF4

. . . . . 2e, X = PF,
A in all silver(l) complexes studied. The conformation is ° ¢

ideal for the formation of macrocyclic complexes of the type Table 1. Bond and Conformational Parameters (A, deg) for the
[Aga(u-LL)2]?*. In such macrocycles the ring conformation Macrocyclic Complexe2

can be the boat or the chair, and examples of both are knowncomplex X  conf AgAg NAgN 62 ¢b yc af ge
in relatfed _complexe%f‘:zj” For example, the conformation of 2a  NO; char 638 175 56
the cationic macrocyclic complex [A@-LL)7]?t, with LL 2b  TFA chair 299 159 102
— 1 ohi .. 1. ; ; 2c  TRIF char 315 165 84
= 1,2-bis(benzimidazol 1 ylmeth_yl)benzene, is a ch.a|r or % BF. char 703 178 54 26 18 40 a1
boat when the counterion is trifluoroacetate or triflate, 20 pr,  boat 647 172 45 90 32 21 37 36
respectively’* The aim of this work was to study the cationic 28 PR, boat 680 175 45 90 30 20 37 37
complexes [Ag(,u_—LL) 2]2+ as receptors, having th_e potentia_l a ¢ = mean interplanar angle aryAgaNa. P ¢ = mean interplanar angle
ability to recognize different anions as a function of their aryl-aryl. ¢y = mean interplanar angle pyAg-N.. ¢ o = mean torsion

; i ; i angle, CNCC&p = mean torsion angle, pyCCNC.fy = mean torsion
size, shape, and coordinating ability. angle, A-CCCO0.9 Solvate2e 2CH,Cly-thf. " Solvate2e- 1.5CHCly+1.5EtOH.

25 7 42 52
43 125
77 24 41 123

oCoow
(o]
w
w
N

Results and Discussion ) i

The compounds were crystallized and their structures were
determined in the solid state, to give information on the anion
binding and its effect on the macrocyclic structures, as
described below. The complexes are discussed in the order
of the ligating ability of the anion, X, which is expected to
follow the sequence %= NO;, CRCO, > CKSO; > BFR,
> Phs.
(22) Kagechika, H.; Himi, T.; Kawachi, E.; Shudo, .Med. Chem1989 Disilver(l) Macrocycles in the Solid State.The structure

32, 2292-2296. , of the nitrate compleRais shown in Figure 1, with selected

(23) Toriumi, Y.; Kasuya, A.; Itai, AJ. Org. Chem199(Q 55, 259-263. . . .
(24) Cai, Y.-P.: Su, C.-Y.; Zhang, H.-X.; Zhou, Z.-Y.; Zhu, L.-X.; Chan, ~g€ometrical parameters listed in Table 1. It can be seen from

Synthesis of Silver(l) ComplexesThe disilver(l) mac-
rocycles [Ag(u- LL)7X2, 2 [2a, X = NOg; 2b, X = CFs-
CO,; 2¢, X = CRSG;; 2d, X = BFy; 26 X = PR, were
simply prepared by reaction of equimolar amounts of the
appropriate silver salt AgX with the ligand LL, as shown in
Scheme 1.

93231- %gZLSiu, H.-Q.; Kang, B.-SZ. Anorg. Allg. Chem2002, 628 Figure 1a that the complex is best considered as a cationic
(25) Tan, H.—Y.;'Zhang, H.-X.; Ou, H.-D.; Kang, B.-org. Chim. Acta macrocycle [Ag(u-NOs)(u-LL)2]", with one nitrate ion
2004 357, 869-874. bound at the center of the macrocycle [Ag(1)O(#)
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041 L

Figure 3. View of the structure of comple2c. Selected bond param-
eters: Ag-N(11) 2.150(5), Ag(A)>N(31) 2.153(4), Ag-Ag(A) 3.148(1)
A; N(11)-Ag—N(31A) 164.5(2).

interaction between the silver atoms. The angle N(24A)
Ag—N(1) = 159.7(2) is considerably distorted from linearity
in 2b. Whereas a nitrate ion iBa was present inside the

Figure 2. Top view (trifluoroacetate groups included) and side view 5y | he trifluor ion li v n
(trifluoroacetate groups excluded) of the structure of comglexSelected acrocycle, the trifluoroacetate ions B lie above and

bond parameters: AgN(24A) 2.167(5), Ag-N(1) 2.176(5), Ag--AgA below the AgN, plane and are more weakly bonded to silver.
2.992(1) A; N(24A)-Ag—N(1) 159.7(2), N(24AyAg—AgA 98.2(1), The shortest Ag-O contacts [Ag-O(31)= Ag(A)---O(31A)
N(1)-Ag—AgA 92.3(1F. = 2.61 A] are indicated by broken bonds in Figure 2. There
are also relatively short contacts A¢gD(32) = Ag(A)---
0O(32A) = 2.90 A and Ag--O(31A) = Ag(A):--O(31) =

.93 A so that the trifluoroacetate groups could be regarded
as weakly bridging between the silver atoms. There is a
center of symmetry at the midpoint between the two silver
atoms so the conformations of the two ligands are identical.
There are no great differences in bond angles within the

2.528(2), Ag(2)0(72)= 2.559(3) A] while the other is
present as the free anion and is not shown [closest contac
Ag(2)0(81) = 3.19 A]. The transannular silvesilver
separation is 6.38 A, which is obviously well suited to allow
the macrocyclic host [Agu-LL),]?>" to accommodate the
“guest” nitrate ion. The individual Ag-O bonds associated
with nitrate ion binding are considered relatively weak, on . .
the basis of the bond lengths and the fact that the anglesa.mlde groups of complexe?a,b, but the.re are major
N—Ag—N are not greatly distorted from linearity [N(3%) d!fferences in the conformatlon.s. _In parycular_ the mean
Ag(1)—N(11) 174.6(1), N(41Ag(2)—N(21) 174.7(19]. It dihedral angley = 125° (Table 1) indicates inversion of the
will be convenient to discuss the conformation of the aryl group compared to comple?a (y = 52), while the

macrocycle in terms of the parameters given in Table 1 for gngle between the aryl group and theZnglgne Is obtuse
D 2b (6 = 102) but acute irRa (6 = 56°) (Figure 2). The

the series of complexes. These parameters are based on tH . . Lo
geometry of the aryl and pyridyl groups with respect to the mversLon center Iead_s to a perfect chair conformatloa_hn
Ag:N4 plane and on the dihedral angles associated with the(¢ = 0°), and the pyridy| groups are clo_ser o perpendmular
amide groups. In the “ideal planar” conformatién(Chart to the AgNs plang than in2a (y = 63" in 2b, 25° n 28,
1), the aryl groups and the pyridyl groups would lie in the Tat_)le 1). The_:re IS alsg much gre:a';er deformauon of the
AgoN, plane. In complex2a, twisting at the amide group ~ aMide group irgb than in2a (o = 7° in 2a, 32° in 2b).
causes the aryl groups to lie above or below the plane (Figure The structure of the triflate complecis shown in Figure
1b), and the extent of distortion can be measured by the mear3- A comparison of Figures 2 and 3 and the data listed in
angle6 [Table 1,2a, 6 = 56°]. The two aryl groups are  Table 1 illustrates that the structures of compleReg are
roughly parallel to each other (Figure 1b, anglbetween  Similar. For example, compleXc has a short contact Ag
the two aryl groups= 3°), thus defining a chair conformation.  *Ag = 3.148(1) A and a similar conformation at the amide
Similarly, the pyridyl groups are twisted out of the plane by 9roup (Table 1). The macrocycle contains an inversion center
an average angle af = 25° (Table 1). In complexa, the and exists in the chair conformation. The triflate anions are
central parts of the cis amide groups are close to planar [mearfocated above and below the Ay plane, weakly bonded
dihedral angleo = 7°, individual example C(14)N(17)C- to silver. The shortest contacts AgD(43) = Ag(A)--
(lg)C(Sl)z 8°]_ However, considerable tW|st|ng out of the O(43A) =2.73 A are illustrated with broken bonds in Figure
amide plane occurs for both the pyridyl groups [mean 3. and there are also short contacts AQ(43A) = Ag(A)-
dihedral angle8 = 42°, individual example C(13)C(14)N-  **O(43)=2.82 A, perhaps indicating weakly bridging triflate
(17)C(19)= 41°] and aryl groups [mean dihedral angte ions.
= 52°, individual example C(52)C(51)C(19)0(26) 51°]. The structure o2d is shown in Figure 4. Comparisons of
The structure of the trifluoroacetate compxis shown the geometrical data in Table 1 and the structures shown in
in Figure 2, with selected geometrical parameters listed in Figures 1 and 4 illustrate a strong similarity between the
Table 1. The most obvious difference compare@aas the structures of2a,d. In particular, complex2d exists as a
much shorter transannular distance {Agg = 2.992(1) A macrocycle in the chair conformation € 0°, Table 1), with
in 2b, 6.38 A in 24, indicative of a secondary bonding a large transannular AgAg separation of 7.03 A and with

Inorganic Chemistry, Vol. 44, No. 4, 2005 1127
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Figure 4. View of the structure of complefd. Selected bond param-
eters: Ag-N(21) 2.125(4), Ag-N(11) 2.129(4) A; N(21}Ag—N(11)
177.7(1).

an anion that is at the center of the macrocycle and bridging
between the two silver atoms (Figure 4). For compelx

the cation [Ag(u-BF4)(u-LL),]* contains a crystallographic
inversion center and the bridging tetrafluoroborate anion is
50:50 disordered as a consequence, with only one component
illustrated in Figure 4 for simplicity. As expected, the
tetrafluoroborate bridges only weakly, with Ag(A)-(44)
=2.73 A and Ag--F(42)= 2.85 A. The angle N(2BAg—

N(11) = 177.7(1y is very close to linear.

The structure of the hexafluorophosphate s#twas
determined as two different solvates, and the structures are
shown in Elgure o _The structures are very similar, as ShO\,Nn Figure 5. Views of the structure oRe (a) as the solvat@e2CH,Cl,-
by comparison of Figure 5a,b and by the average geometricakns: (b) top view and (c) side view with RF anion and CHCl, solvate
data given in Table 1. In both structures, the macrocycle omitted to show the boat conformation, as the solvatel. 5CHCly:

; ; ; — ; ; 1.5EtOH. Selected bond parameters &&2CH,Cl,-thf: Ag(1)—N(11)
exists in the poat conformatlonb( 90°, Figure 5c) in 2111(5). Ag(1)-N(31) 2.128(5), Ag2yN(21) 2.143(5), AQ(2yN(41)
contrast to chair conformations adopted by compl&aesd 2.148(5) A: N(11}-Ag(1)—N(31) 170.3(2), NR1DAg(2)—N(41) 173.0(2).
(¢ = 0—3°). In the boat conformation, one side of the Selected bond parameters f@e1.5CHCl-1.5EtOH: Ag(1)-N(11)
macrocycle is partly occupied by the mutually syn aryl 2113(). AJ(LrN(@I1) 2.128(6), Ag(2yN(21) 2.113(7), Ag(2yN(41)

2.130(7) A; N(11)-Ag(1)-N(31) 174.5(3), N2y Ag(2)—N(41) 176.1(3).
groups and a loosely bound solvent molecule (tetrahydrofuran
or dichloromethane in Figurg 5a,b, respect.ivelly) is enclosepl of these complexes cannot be elucidated by NMR. Hence
between the aryl groups, while the other side is open and isyhe complexes were studied by ESI-MS as dilute solutions

occupied by a bulky hexafluorophosphate anion in both j, methanol. All of the complexeBgave ESI-MS envelopes
solvates. The transannular distances Ag{Ap(2) are similar of peaks due to derivatives of the ligatcand its silver(l)

?tS%?gHA inéeZHC I-|2CII2-tP;IAan_dN6.80 'B‘l in2et1.|_5C|—tCI_i_-h complexes centered afz = 347, 453, and 799, correspond-
. , and all angles NAg—N are close to linear. The ing to [L + HJ*, [1 + 9Ag]*, and [, + 7Ag]*,

shortest contacts between solvent molecules og][PiBns respectively. The highest mass peaks for comple

and silver(l) are shown as _broken_bonds in Figure 5, but all were observed atz = 970, 1021, 1057, 995. and 1053,
appear to represent weak interactions. The shortest contacts

to solvent are Ag(2)-0O(501) = 2.80 A (Figure 5a) and corresponding to [Ag1)2X] " with X = NOs, CRCO,, Chs-
Ag(1)+-Cl(21) = 3.34 A (Figure 5b), and the shortest SQ, BF,, and PF, respectively. No §|gn!flc§\nt ions contain-
contacts to [P~ are Ag(2)--F(85)= 2.74 A (Figure 5a) ing the solvent molecules and no dicationic complexes such
and Ag(2)-+F(85)= 2.91 A (Figure 5b). as [Ag(1)z]*" were detected.

Structures of the Complexes in Solution and Studies Anion exchange was then studied by ESI-MS. For standard
of Anion Binding. The’H NMR spectra of the complexes ~ Solutions of complehb in methanol solution, the peak height
were consistent with the structures [&grLL);]2* but gave ~ atm/z= 1021 due to [Ag(1),(O,CCRK)]" was found to be
little information on anion binding or solvent association. directly proportional to the concentration @b (R* =
Since the binding is expected to be weak in most cases, on0-9952), thus allowing the concentration of [AD)2(O.-
the basis of the solid state structures, fast exchange isCCR)]" to be determined by ESI-MS. Addition of BN*C-
expected to occur in solution and so only “time averaged” FsSOs~ or BWN*NO;™ led to a decrease in intensity of the
NMR spectra are observed. The changes in the chemicalpeak atm/z = 1021 and a corresponding growth of a new
shifts in the!H NMR spectra on ligand exchange were too peak aiz= 1057 orm/z= 970 due to [Ag(1)2(O:SCFR)]*
small to allow the equilibrium constants to be determined. or [Ag-(1)2(NOs)]*, respectively, as shown in Figure 6.
The result is that the equilibrium among [Ag-LL)2]?", Approximate equilibrium constants = [Ag2(1)2(X)] T[CFz-
[Aga(u-X)(u-LL) 2], [Ag2(u-X)2(u-LL) 7], and solvated forms  CO, J/[Ag2(1)2(O.CCR)]'[X ] = 0.23 (X = CRSG;) or
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Figure 6. ESI-MS studies of anion exchange in the cationic disilver
macrocycles [AgX(u-LL) 2™, by reaction ofb (X = CRCO;) in methanol
solution with BuN*Y ™. Top: Y = CRS0s, with ratio 2b:BusN*TY ™~ (a)
1:0.8, (b) 1:1.2, (c) 1:2, and (d) 1:4. Bottom: ¥ NOjs, with ratio 2b:
BuN*Y~ (a) 1:0.8, (b) 1:1.2, (c) 1:1.6 (d) 1:2, and (e) 1:3.

miz

0.37 (X = NO3z) were then determined, indicating the
coordination sequence %= CRCO,” > NO;~ > CRSO;™.
This sequence is that expected from th&, palues of the
acids: CECO,H, 0.5> HNO;, —1.5 > CRSOH, —13%

If the structures in solution are similar to those in the solid
state, the rather low discrimination between the anions X
in [Ag2(1)2(X)] " indicates that there is little energy difference
between the structure with the large cavity and the anion
inside (X = NOj3) and the structure with the small cavity,
with silver---silver bonding, and the anion outside €XCFs-
CO, or CRS0y).

Conclusion

The cis conformation of thBl-methyl amide group clearly
favors the formation of the disilver(l) macrocycles [Ag-
LL),]?", rather than polymers, by self-assembly. In the solid

basis of the K, values of the corresponding acids and is
perhaps more reliabfé Calculations by molecular mechanics
indicate that the natural transannular distance in the macro-
cycles [Ag(u-LL) 22" is in the range 67 A, suggesting that
the complexe®a,d,e are relatively strain-free. If the Ag

Ag distance is constrained to be 3 A, the additional ring strain
is calculated to be in the region of 40 kJ mbland this is
presumably compensated by the secondary siksiver
bonding in complexe®b,c. We are not aware of any
precedents for the easy expansion and contraction of the
cavity in disilver(l) macrocycles as a function of weak
coordination by oxo anions.

Experimental Section

NMR spectra were recorded by using a Varian Mercury 400
spectrometer. Chemical shifts are quoted with respect to TMS, and
the labeling scheme is given in Chart 1. We note difficulty in
obtaining good H, N analytical data for some of the silver complexes
reported below, but the C analyses are satisfactory and all complexes
are characterized crystallographically.

N,N'-Dimethyl-N,N'-di-4-pyridylisophthalamide, 1, was pre-
pared by the literature proced&NMR in CD,Cl,: d(*H) = 8.41
[dd, 4H, Juy = 3 Hz, 6 Hz, H], 7.41 [m, 1H, H], 7.25 [m, 2H,

H4, 7.13 [m, 1H, H], 6.89 [dd, 4H,Juy = 3 Hz, 6 Hz, H], 3.41
[s, 6H, CH]; 6(1%C) = 170.2 [G=0], 152.5, 150.7, 136.1, 130.8,
129.2, 128.8, 121.2, 37.7 [Me]. Anal. Calcd fopgH1sN4O2: C,
69.35; H, 5.42; N, 16.17. Found: C, 69.35; H, 5.68; N, 16.33.

Complexes [Ag(u-1)2]X >, 2. A typical procedure is described
for 2b (X = CRCO,). To a clear solution of Cf£0,Ag (0.050 g;
0.226 mmol) in ethyl acetate (10 mL) was added a solution of ligand
1 (0.035 g, 0.156 mmol) in C4l, (10 mL). The solution was
stirred overnight, and hexane (20 mL) was added to precipitate the
product as a white solid, which was collected by filtration, washed
with THF, and dried under vacuum. Yield: 0.12 g (45%). NMR in
CD,Cl,/CD;OD: 6(*H) = 8.54 [d, 8H,Juy = 7 Hz, H*], 7.77 [m,
4H, HY, 7.60 [t, 2H,Juy = 8 Hz, HF], 7.05 [t, 2H, HY, 6.82 [d,
8H, Jyn = 7 Hz, H¥], 3.41 [s, 12H, CH)]. Anal. Calcd for G4Hze
AgoFsNgOs: C, 46.58; H, 3.20; N, 9.88. Found: C, 46.25; H, 3.75;
N, 9.31. Colorless plate crystals @b-2CH,Cl, were grown by
slow diffusion of hexane into a solution @b in CH,Cl,/ethanol.

Similarly were prepared the followin@a (X = NOg): yield
38%. The complex was insufficiently soluble to allow characteriza-
tion by NMR. Anal. Calcd for GoH3sAg2N1¢0010: C, 46.53; H, 3.51;

N, 13.57. Found: C, 46.17; H, 3.42; N, 12.99. Colorless plate
crystals of2a-4H,0O were grown by slow diffusion of a solution of
ligand 1 in CH,CI, into a solution of AgNQ in aqueous ethanol.
2¢c (X = CRsS0y): yield 37%. NMR in CQCIl,/CDsOD: 6(*H) =
8.54 [d, 8H,Juy = 7 Hz, H], 7.77 [m, 4H, H], 7.60 [t, 2H, H],
7.05[t, 2H, H], 6.87 [d, 8H,Juy = 7 Hz, H¥], 3.43 [s, 12H, CH].
Anal. Calcd for GoH36Ag2FsNgO10S:: C, 41.81; H, 3.01; N, 9.29.

state, complexes containing one or two loosely coordinated poyng: c, 41.67;: H, 3.12; N, 8.78. Colorless plate crysta2oof

anions are observed (Figures3), but in methanol solution,

2CH,CI, were grown by slow diffusion of hexane into a solution

complexes with one associated anion are favored. In the solidof 2¢cin CH,Cly/ethanol.2d (X = BF,): yield 45%. NMR in CD-

state, the shortest AgO bonds to oxo anions are found in
the nitrate compleRa [Ag:--O = 2.53 A], followed by the
trifluoroacetate complexb [Ag--+O = 2.61 A] and the
triflate complex2c [Ag++-O = 2.73 A], consistent with a
series reported previously for silver(l) complexes of thiobis-
(pyridine) and perhaps indicating that nitrate is the best ligand
for silver(1).2* However, the binding sequence in solution of
trifluoroacetate> nitrate > triflate is that expected on the

Cl,/CD;0D: 6(*H) = 8.47 [d, 8H,Juy = 7 Hz, H], 7.70 [m, 4H,
H4, 7.55 [t, 2H, H], 7.16 [m, 2H, H], 6.91 [d, 8H,Juy = 7 Hz,
H3], 3.45 [s, 12H, CH)]. Anal. Calcd for GoH3sAg2B2FsNgO4: C,
44.40; H, 3.35; N, 10.36. Found: C, 43.98; H, 2.41; N, 9.74.
Colorless plate crystals a2d-2.5CHCl, were grown by slow
diffusion of a solution of ligand. in CH,Cl,/ethanol into a solution

(26) Qin, Z.; Jennings, M. C.; Puddephatt, RInbrg. Chem.2003 42,
1956-1965.
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Table 2. Crystallographic Data for Complex&s

Yue et al.

2a-4H,0 2b-2CH,Cl, 2¢:2CHCl,

formula CioH44Ag2N10014 Ca6H20Ag2Cl4FNgOg C44H40Ag2Cl4FeNgO10S,
fw 1104.59 1304.40 1376.50
T(°C) —123(2) —123(2) —123(2)
1 (A) 0.710 73 0.710 73 0.710 73
space group P2;/c (No. 14) P2;/c (No. 14) P1 (No. 2)
a(A) 14.2860(2) 10.4961(2) 9.1836(4)
b (A) 26.2471(4) 26.9664(5) 9.7625(5)
c(A) 11.5842(2) 10.0162(1) 14.9279(9)
o (deg) ) 90 92.418(1)
5 (deg) 103.271(2) 117.175(1) 105.768(2)
7 (deg) 90 90 90.421(2)
V(A3 4227.68(11) 2522.06(7) 1286.60(12)
Z 4 2 1
Dealca (g/cn¥) 1735 1718 1777
4 (cm ) 0.1008 0.1071 0.1136
R indices [ > 20(1)]?

R1 0.0368 0.0623 0.0538

wR2 0.0750 0.1711 0.1098

2d-2.5CHCl, 2e2CH,Cl* THF 2e1.5CHCl,-1.5EtOH

formula Ci2.50H41A92B2CisFgNgO4 CaeHa7Ag2C14F12NgOsP, Caa.50H18Ag2Cl3F12NgO0s 50P2
fw 1294.44 1439.40 1394.94
T(C) —123(2) ~123(2) ~123(2)
1 (A) 0.710 73 0.710 73 0.710 73
space group P2/c (No. 13) C2/c (No. 15) C2/c (No. 15)
a(A) 16.9602(3) 28.1405(4) 28.4093(13)
b (A) 9.5276(2) 21.1149(3) 20.7821(7)
c(R) 17.7105(4) 19.6972(3) 19.9364(9)
o (deg) 90 90 90
B (deg) 113.429(1) 108.999(1) 109.061(2)
v (deg) 90 90 90
V(A3 2625.89(9) 11066.2(3) 11125.2(8)
z 2 8 8
Deatca(g/cr?) 1.637 1.728 1.666
 (cm ) 0.1077 0.1052 0.0997
R indices [ > 24(1)2

R1 0.0473 0.0695 0.0882

WR2 0.1271 0.1826 0.2384

3R1 = Y||Fo| — |Fll/Z|Fol; WR2 = [YW(Fo? — Fc?)2y W(Fo?)?]Y2.

of AgBF, in THF. 2e (X = PRy): yield 47%. NMR in acetonek:
Oo(*H) = 8.59 [m, 8H, H], 7.69 [t, 2H, ], 7.43 [dd, 4H, H],
7.31[m, 8H, H¥], 7.27 [d, 2H, H], 3.52 [s, 12H, CH). Anal. Calcd

for C40H35A92F12N304P2‘CHzc|2: C, 38.37; H, 2.98; N, 8.73.
Found: C, 38.60; H, 3.07; N, 10.62. Colorless prism crystals of
2e2CH,Cl,» THF were grown by slow diffusion of a solution of
ligand1in CH,Cl,/ethanol into a solution of AgRRn THF, while
similar crystals2e1.5CHCl,-1.5EtOH were grown by slow dif-
fusion of a solution of ligand. in CH,Cl,/ethanol into a solution

of AgPFs in ethanol.

and [Ag(1)2(0sSCFRy)]*. The equilibrium constank = [[Ag (1)~
(OsSCR)]'][CF3CO; J/[[Ag 2(1)2(0CCRy)] T][CF3SOs 7], was then
estimated. The procedure was repeated at several concentrations
of BuyN*CRSGO;~ to give the average equilibrium constdfit=
0.23(1). The same procedure was used to study anion exchange
between comple@b and BuN*tNO;~ to give the average equi-
librium constantK = [[Ag2(1)2(NO3)]t][CFsCO; 1/[[Ag 2(1)2(O2-
CCRy)]*][NOs7] = 0.37(6) (see Figure 6).

General Information on X-ray Data Collection and Reduc-
tion. Data were collected using a Nonius Kappa-CCD diffractometer

ESI-MS. All ESI mass spectra were recorded using a Micromass using COLLECT (Nonius, 1998) software. The unit cell parameters
LCT spectrometer and were calibrated with Nal at concentration 2 were calculated and refined from the full data set. Crystal cell

uglul in 50:50 propan-2-ol/water. The injection flow rate was 10.0
uL/min in all experiments. A stock solution @b in methanol (5

x 1074 M) was used to prepare standard solutionglwfit various
concentrations (X 1074, 3 x 104, 4 x 1074, and 5x 104 M).

A linear relationship between the intensityratz = 1021 due to
[Ag2(1)2(O,CCRy)]* vs [2b] was obtained withR2 = 0.9952,

refinement and data reduction were carried out using the Nonius
DENZO package. The data were scaled using SCALEPACK
(Nonius, 1998). The SHELXTL-NT V6.1 (G. M. Sheldrick)
program package was used to solve and refine the structure by direct
methods, except fo2d, which was solved by Patterson methods.
Non-hydrogen atoms were refined with anisotropic thermal param-

showing that concentrations could be determined from the peak eters, except where mentioned below. The hydrogen atom positions
intensities under standard conditions.

The procedure for studying anion exchange betwgerand
Bu:N*tCRSO;~ was as follows. A stock solution of BNTCFRSO;~
in methanol (5x 10-3 M) was used to prepare standard solutions
of BuyNTCRSGO;™ at varying concentrations. To a solution 2if
in methanol (1 mL, 5x 10% M) was added a solution of
Bu,N*CRSO;~ in methanol (1 mL, 1x 1072 M). The reaction
mixture was stirred under ambient conditions for 5 min, and ESI-
MS was recorded to give the concentrations of JAj(O.CCFRs)]*
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were calculated geometrically and were included as riding on their
respective carbon atoms. X-ray data are collected in Table 2.

[Ag2(u-NOg3)(u-1),][NO3]-4H,0, 2a There were four water
molecules, and all eight of their hydrogen atoms were found in the
difference map. The ©H bonds were fixed at 0.84 A and allowed
to refine with thermal parameters tied to their respective oxygen
atoms.

[Aga(u-1),][CF3CO4]2:2CH,Cl,, 2b. There was an inversion
center at the midpoint of the macrocycle. There was 50:50 disorder



Disilver(l) Macrocycles

of the fluorine atoms of the GRjroup, and the F atoms were refined solvation were located on four sites: three were modelel,at

anisotropically with fixed G-F = 1.349 A. The CHCI, solvent occupancy complete with hydrogen atoms, and one, which was

molecule was refined with €Cl distances fixed at 1.72 A. located on a symmetry element, was modeled without hydrogen
[Aga(u-1),][CF3S05)22CH,Cly, 2c. There was an inversion  atoms, with the €CI bond lengths restrained to be 1.72 A. The

center at the midpoint of the macrocycle. The crystal was twinned presence of dichloromethane and tetrahydrofuran was confirmed
around the 001 reciprocal axis, and the program WIN-GX was used by recording théH NMR spectrum.

to prepare the HKLF file for final refinement. . . [Ag2(u-1):][PFg)21.5CH,Cl,-1.5ethano| 2e*. The structure
[Ag2(u-1)][BF 4]-2.5CH.Cl5, 2d. There was an inversion center o< “similar to2e*, and treatment of PFanions and ChCl,
at the midpoint of the macrocycle. The anions were refined at half- |\ 1~ les was as above. Thé/,imolecules of ethanol were

occupancy, with the components related by the inversion center; modeled isotropically complete with hydrogen atoms. The presence

the B_F bonds were restrained to be identical, and the bond length of dichloromethane and ethanol was confirmed by recording the
was refined to a value of 1.363 A. Two GEl, molecules were 1H NMR spectrum

refined at'/, occupancy with an anisotropic model, and one was

refined atl/, occupancy with an isotropic model. The-Cl bond Acknowledgment. We thank the NSERC (Canada) for
lengths were restrained to be 1.72 A, and the chlorine atoms wereg -ncial support. R.J.P. thanks the Government of Canada

restrained to be 2.86 A apart. for a Canada Research Chair
[Aga(u-1)][PFe]22CH,Cl»THF, 2e*. The two anions were Ir.

modeled as 1 full PFand 2 half PE anions. Oné/, PR; was on

a symmetry element, and the other part shared the site with,a CH
Cl, molecule of solvation. The PF bonds of thel/, PRy were
restrained to be identical (1.59 A), and the-IF distances were
restrained to be greater than 2.0 A. The two,CH molecules of 1C048549C
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