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Preparation and Crystal Structure of the Silver(l) p-Toluenesulfonate-p-Aminobenzoic Acid Complex
Polymer Adduct, the First Reported Example of a Silver(l) Complex Involving Two Different Organic

Acid Species
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The complexes of silver(l) with carboxylic acids represent a substituent group on the formation of molecular systems having
group of metal compounds which, despite their usage in potential for specialist optical properties. The isomeric ami-
synthetic organic chemistry [e.g., the Hunsdiecker reaction nobenzoic acids were chosen initially because of their known
(decarboxylation), the Simonini reaction (ester synthesis), and ability to form extended hydrogen-bonded systems (often

the Pr&ost reaction (diol synthesis)until recently had few
structurally characterized exampfesOf the currently known

involving proton transfer)yia both the interactive carboxylic
acid and the amine ring substituéntThe first of these silver

silver(l) carboxylates, the majority are based on a bis(carboxy- compounds, isolated as the only product from refluxing sto-

lato-O,0')-bridged dimer k), which may be discrete [e.qg., silver-
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() benzoatéor silver(l) salicylate (polymorph 1) or extended

in one or more of the axial sites of the dimer into tetramer or

polymer variationsI() [e.g., silver(l) phenoxyacetate] These
variations have been classified in a number of wérkgery

few examples are known in which a linear two-coordinate

stereochemistry about silver is foundl ( [e.g., silver(l) (4-
chloro-2-methylphenoxy)acetate]With the analogous silver-

(I) sulfonates, although few structures are known, all are

ichiometric quantities of silver(l)p-toluenesulfonate ang-
aminobenzoic acid in ethan8l, catena(u-4-aminobenzoic
acid)(-4-toluenesulfonat®,0’,0")silver(l), is reported here.
The crystal structure determinatidnhas shown a two-
dimensional sheet structure based upon a distorted tetrahedral

(9) (a) 4-Aminobenzoic acidl3,5-dinitrobenzoic acid (1:1): Etter, M. C.;
Frankenbach, G. MMaterials 1989 1, 10-12. (b) 4-Aminobenzoic
acid—2,4,6-trinitrobenzoic acid (1:1): Lynch, D. E.; Smith, G.; Byriel,
K. A.; Kennard, C. H. L Acta Crystallogr 1992 C48 535-536. (c)
4-Aminobenzoic aciet1,3,5-trinitrobenzene (1:1): Lynch, D. E.;
Smith, G.; Byriel, K. A.; Kennard, C. H. LActa Crystallogr 1994
C50 2079-2082. (d) 4-Aminobenzoic acieR,4,6-trinitrobenzoic
acid—1,3,5-trinitrobenzene (3:1:1): Lynch, D. E.; Smith, G.; Byriel,
K. A.; Kennard, C. H. LJ. Chem. SocChem. Commuri992 300-
301. (e) 4-Aminobenzoic acie(2,4-dichlorophenoxy)acetic acid (1:
1): Lynch, D. E.; Smith, G.; Byriel, K. A.; Kennard, C. H. LZ.
Kristallogr. 1992 200, 73—82. (f) 4-aminobenzoic acid(2-carboxy-
phenoxy)acetic acid (1:1): Byriel, K. A.; Lynch, D. E.; Smith, G
Kennard, C. H. L.Aust. J. Chem.1991 44, 1459-1464. (Q)
4-aminobenzoic acid3,5-dinitrosalicylic acid (2:1): Smith, G.; Lynch,
D. E.; Byriel, K. A.; Kennard, C. H. LAust. J. Chenil 995 48, 1133~
1149.

polymeric, silver involving most sulfonate oxygens in variable (10) Preparation: The complex was prepared by refluxing 1:1 stoichiometric

coordination mode%. As an extension of our work on the

structural characterization of the silver(l) carboxylates, the

structure determination of a mixed sulfonatarboxylate was

attempted in order to assess the effect of an interactive
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(8) (a) Silver(l) methanesulfonate (very distorted trigonal bipyramidal

AgO:s, five-coordinate; Ag-O = 2.34-2.63 A): Charbonnier, F.;
Faure, R.; Loiseleur, HActa Crystallogr 1977, B33 2824-2826.
(b) Silver(l) bromomethanesulfonate (octahedral ABG, six-
coordinate; Ag-O = 2.35-2.49 A): Charbonnier, F.; Faure, R.;
Loiseleur, H.Acta Crystallogr 1978 B34, 3598-3601. (c) Silver(l)
2-pyridinesulfonate (trigonal bipyramidal AgR, five-coordinate;
Ag—0 = 2.33-2.64 A, Ag-N = 2.28 A): Charbonnier, F.; Faure,
R.; Loiseleur, HCryst. Struct. Commuri981, 10, 1129-1132.

guantities of silver(l) p-toluenesulfonate (0.56 g, 2 mmol) and
p-aminobenzoic acid (0.27 g, 2 mmol) in ethanol (36¢for 10 min.

Care was taken to exclude only natural light during the preparation.
The white solid which precipitated from this solution was removed
and redissolved in methanol, and the solution was allowed to partially
evaporate at room temperature in the dark. Colorless needle crystals
formed in ca 60% yield after several days of standing at room
temperature. These crystals are relatively stable both chemically and
photochemically. The infrared spectrum and elemental analysis (C,
H, N) indicated the presence of coordinated silaminobenzoic
acid, and p-toluenesulfonate in the ratio 1:1:1. Anal. Calc for
C1H14AAgNOsS: C, 40.4; H, 3.4; N, 3.4. Found: C, 40.5; N, 3.4; N,
3.7

(11) (a) Crystal data: {aH14AgNOsS, M, = 416.2, monoclinic, space group
C2/c; a = 35.86(2),b = 8.958(4),c = 9.695(5) A;8 = 109.65(2};
V =2933(3) B, z=8; D, = 1.885,Dmy = 1.90 g cnT3; F(000) =
1664;u(Mo Ka) = 15.4 cnml; T = 293(2) K. (b) Data collection and
structure solution and refinement: Data were collected on an Enraf-
Nonius CAD-4 diffractometer (monochromatic Mookradiation, A
= 0.710 73 A) from a cleaved specimen (0.250.14 x 0.12 mm).
Of 2717 reflections collected up t®gax = 54.3 in the range$h =
0—42,k = 0—10, andl = —11 to +11, 2672 were uniqueR{y =
0.045; maximum intensity decaya. 1.5%). Data were corrected for
absorption using semiempirical meth&t$he structure was solved
by Patterson methods (SHELXS86and refined (orF?), with all
non-hydrogen atoms anisotropic (SHELXL98 Hydrogens were
included at calculated positions and their positional parameters refined
and their isotropic thermal values fixed. Final residuals RE{|Fo|
— |Fd[l/IFol}] and WR2 E{ SW(Fo? — FAHYW(Fo?)} 3 {with w =
04(F?) + (0.0656°)2 + 3.84P, whereP = [max(F¢%,0) + 2F:F/3},
andSwere 0.032, 0.086, and 1.01, respectively, for 2218 reflections
with Fo > 4.00(Fg). The maximum peak in the final difference map
was 0.86 e A3 (adjacent to Ag).

(12) Fair, C. K.MoIEN: An Interactve Intelligent Program for Crystal
Structure AnalysisEnraf-Nonius: Delft, The Netherlands, 1990.
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dimer, extended into a polymeia Ag—N bonds through the
amine substituent. In the present structpraminobenzoic acid
behaves as a Lewis base adduct of silvgr{ipluenesulfonate,
which, although its structure has not been reported, would be
assumed to be a three-dimensional polymer similar to the known
silver(l) sulfonate$,having significant oxygen involvement in
o) coordination to silver. In the present example, the amino group
Figure 1. Molecular structure and atom numbering scheme for the of the p-aminobenzoic acid adduct molecule (which is similar

r‘lalpeat.igg B”ilt in ”;]e C‘?mp.'eé‘. po'ﬁmer' showing SO%Sprlobatgliéy o the two crystalline polymorphs of the parent acid in being
ellipsoids. Unless otherwise indicated, atoms are carbon. Selecte oncL Ay ; .
distances (&) and angles (deg): AgN(41), 2.223(3); Ag(1)-O(41), on-zwitterionic}® acts as the donor group essentially in the

2.518(3); Ag(l)—O(42)a, 2'309(3); Ag(l)—O(43}’, 2.468(3); N(41)' manner of the Lewis baS-e addUCtS-Of the -Sllver(l) halijf-]es.
Ag(1)—0(41), 132.0(1); N(41YAg(1)—O(42}, 112.3(1); N(41)>-Ag- Although examples of this type of interaction are relatively
(1)—0(43y, 128.0(1); O(41yAg(1)—O(42), 94.57(9); O(41-Ag(1)— common, only one Lewis base adduct of a silver carboxylate is
O(43), 95.9(1); O(429-Ag(1)—O(43p, 76.21(9). a=x, L —y, =2 known, the silver(l) benzoatepyridine adduct® In addition,
tzb="-x-y2z an unusual feature of the solid-state intermolecular associations

for this compound is the absence of any hydrogen-bonding
interactions involving the uncoordinated carboxylic group. This
is usually an integral part of the packing modes of both
homogeneous and heterogeneous acid pairs in the structures of
these acids and their cocrystals. Hydrogen-bonding associations
are found between the amine protons and adjacent sulfonate
oxygens [N(41¥H(42)---0(43) = 3.111(2) A, O-H---0 =

165, i = Y, — x, Yy + y, ¥ — 7, N(41)—H(43)---0(43§ =
3.069(2) A, N-H---0=118,ii =x, 1 —y, =¥, + z N(41)—
H(43)---0(42) = 3.177(2) A, N-H---O = 165", iii = 1, — x,

3, —y, —2.

Acknowledgment. The authors acknowledge support from
the Australian Research Council, The University of Queensland,
and the Centre for Instrumental and Developmental Chemistry
of the Queensland University of Technology.

Figure 2. Two-dimensional structure of the complex polymer viewed ~ Supporting Information Available: Tables of crystal data, atomic
down the approximatg cell direction (down the sheet edge). Hydrogens ~ positional parameters, bond lengths and angles, anisotropic thermal
are omitted for clarity. displacement parameters, and hydrogen atom coordinates (6 pages).
Ordering information is given on any current masthead page.

AgOs3N center involving three oxygens from independent
sulfonate residues [AgO = 2.309, 2.468, 2.518(3) A] and an  1C950900U

amine nitrogen [Ag-N = 2.223(3) A] (Figures 1 and 2). The (16) (a) Lai, T. F.: Marsh, R. EActa Crystallogr.1967, 22, 885-893. (b)

bond an_9|e range for the C(?Ofd|na“0n sphere is 76.21(99.0- Alleaume, M.; Salas-Ciminago, G.; DecapCl.R. Acad. SciSer. 1

(2)°. This system is very different from the structures generally 1966 262 416. _ _

observed for the silver(l) carboxylates, including silver(l) (17) (@) AgClquinaline (1:1): Mills, N. K.; White, A. HJ. Chem. Sog.
- . . . Dalton Trans.1984 225-228. (b) AgBr2-methylpyridine (1:2),

p-aminobenzoat& a conventional bis(carboxylate)-bridged AgBr—3-methylpyridine (1:1), AgBr-4-methylpyridine (1:1): Healy,

P. C.; Mills, N. K.; White, A. H.J. Chem. Sog¢Dalton Trans.1985

(13) Sheldrick, G. M. SHELXS-86: Structure Solution Package. University 111-116. (c) Agtpiperidine (1:1): Ansell, G. BJ. Chem. Soc. B
of Gattingen, Germany, 1986. 1971 443-446. (d) Agkmorpholine (1:1): Ansell, G. BJ. Chem.

(14) Sheldrick, G. M. SHELXL-93: Program for Crystal Structure Deter- Soc, Perkin Trans. 21976 104-106. (e) Agt-triethylamine (1:1),
mination. University of Gttingen, Germany, 1993. Agl—2-methylpyridine (1:1), Agt3-methylpyridine (1:1), Agt4-

(15) Amiraslanov, I. R.; Usubaliev, B. T.; Nadzhafov, G. N.; Musaev, A. methylpyridine (1:1): Healy, P. C.; Mills, N. K.; White, A. HAust.
A.; Movsumov, M.; Mamedov, Kh. Sl. Struct. Chenil98Q 21, 653— J. Chem.1983 36, 1851-1864.

658. (18) Hedrich, M.; Hartl, HActa Crystallogr.1983 C39, 533-536.



