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Two topologically comparable complexes, [Ags(CFsCOy)s(LL™8)3(SCHa)s]. (1) and [Age(CF3CF,CO)s(LE€),(SCH3)3(H20)]
(2), were prepared and characterized by single-crystal diffractometry. The structures consist of Ag;,Se clusters
linked by bis(methylthio)methane ligands, L'V, thus forming 1D coordination polymers. The 12 Ag atoms of the
cluster are situated at the corners of a distorted cuboctahedron. The sulfur atoms of the six u4-SCHs entities
occupy a position ~0.8 A above the center of each of the square faces of the polyhedron. The cleavage of the
C-S bond of some of the ligands occurs during the syntheses, producing the “SCHs anions. The coordination of
the silver atoms varies from 5 to 7. The Ag-++Ag contacts range from 2.9250(5) to 3.3615(6) A and from 2.961(1)
to 3.380(1) A for 1 and 2, respectively. A polymeric ribbon is obtained when four ligands link a given cluster to two
others. The chains of 1, held only by van der Waals forces, pack in a hexagonal manner. The two water molecules
in 2 (Ag—OH, = 2.385(7) A) are coordinated to silver atoms of the cluster. They are also strongly hydrogen
bonded to the oxygen atoms of two pentafluoropropionate groups, one within the cluster (0-++0 = 2.741(1) A), the
other in an adjacent chain (O---O = 2.818(1) A). The chains, thus H bonded to one another, generate a 2D
coordination network.

Introduction that its new physical properties, such as gas stotagéon
exchangé,nonlinear optic$,or magnetisthoften differ from
those of the parent organic or inorganic compounds. Because
%o some extent it is possible to design an organic connector

in which the connecting sites have good coordinating abilities

The synthesis and characterization of metal-organic frame-

discovery of the first coordination polymers in the mid-
1990st?

A remarkable feature of metal-organic compounds is that (3) (a) Rowsell, J. L. C.; Eckert, J.; Yaghi, O. M. Am. Chem. Soc.
the properties of the metal-inorganic center can be expanded fﬂoo;, Alg'clr?gr%‘_l'sg)e)ozogefgi T27\ggsfgrRA0W£eTlt°J“”L TC'_;; ;%ge?\'ée?,'
using the organic building block. Hence, interest in the hybrid E. C.; Eckert, J.; Howard, J. A. K.; Yaghi, O. Nbcience2005 309,
inorganic-organic extended solid state resides in the fact

1350. (d) Rowsell, J. L. C.; Yaghi, O. MAngew. Chem., Int. Ed.
2005 44, 4670.
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Am. Chem. So@00Q 122, 9921. (b) Jung, O. S.; Kim, Y. J.; Lee, Y.
A.; Park, K. M.; Lee, S. Slnorg. Chem2003 42, 844. (c) Jung, O.
S.;Kim, Y. J.; Lee, Y. A,; Chae, H. K.; Jang, H. G.; HongJdorg.
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* To whom correspondence should be addressed. E-mail: francois.brisse@
umontreal.ca. Fax: +)(514) 343-7586.
(1) Abrahams, B. F.; Hoskins, B. F.; Liu, J.; Robson,JRAm. Chem.
Soc.1991 113 3045.
(2) (a) Eddaoudi, M.; Moler, D. B.; Li, H.; Chen, B.; Reineke, T. M.;

10.1021/ic062232q CCC: $37.00
Published on Web 03/16/2007

O’Keeffe, M. Yaghi, O. M.Acc. Chem. Re2001, 34, 319. (b) Rosi,
N. L.; Eddaoudi, M.; Kim, J.; O’Keeffe, M.; Yaghi, O. MCrystEng-
Comm.2002 4, 401. (c) Yaghi, O. M.; O’'Keeffe, M.; Ockwig, N.
W.; Chae, H. K.; Eddaoudi, M.; Kim, Nature 2003 423 705. (d)
Moulton, B.; Zaworotko, M. J.Chem. Re. 2001 101, 1629. (e)
Ockwig, N. W.; Delgado-Friedrichs, O.; O’Keeffe, M.; Yaghi, O. M.
Acc. Chem. Re005 38, 176. (f) Khlobystov, A. N.; Blake, A. J.;
Champness, N. R.; Lemenovskii, D. A.; Majouga, A. G.; Zyk, N. V.;
Schraler, M.Coord. Chem. Re 2001, 222, 155. (g) Swiegers, G. F.;
Malefetse, T. JChem. Re. 2000 100, 3483.

© 2007 American Chemical Society

117, 10401.

(5) (a) Han, H.; Song, Y.; Hou, H.; Fan, Y.; Zhu, Palton Trans.2006
1972. (b) Li, L.; Yang, H.; Song, Y.; Hou, H.; Fan, Yhorg. Chim.
Acta2006 359, 2135. (c) Anthony, S. P.; Radhakrishnan, TOPyst.
Growth Des.2004 4, 1223.

(6) (a) Batten, S. R.; Murray, K. £oord. Chem. Re 2003 246, 103.
(b) Guo, X.; Zhu, G.; Li, Z.; Chen, Y.; Li, X.; Qiu, Snorg. Chem.

2008 45, 4065. (c) Lin, P.; Clegg, W.; Harrington, R. W.; Henderson,

R. A.; Fletcher, A. J.; Bell, J.; Thomas, K. Nhorg. Chem2006 45,
4284.

Inorganic Chemistry, Vol. 46, No. 8, 2007 3185



Awaleh et al.

with the chosen metal, one may be able to tailor the physical of L~Me with pentafluoropropionate, an anion of intermediate

properties of the resulting coordination polymer materials. size, was expected to be isostructural. Surprisingly, this latter

However, even if the major goal in crystal engineering is to complex was found to form a 1D coordination polymer

predict the resulting MOFs of a given systérthere still consisting of ligand-linked clusters rather than the expected

remains a long way to go before the synthesis of coordination structure.

polymers with predictable topologies is achieved because it We serendipitously obtained another cluster-bearing struc-

is difficult to control the many factors that influence the ture when this small ligand was combined with silver(l)

crystallization process simultaneously. trifluoroacetate. However, no cluster could be obtained with
We are currently using flexible symmetrical dithioether the longer heptafluorobutyrate. Here, we report the structures

ligands as organic building blocks to propagate the coordina- of two unusual atlas-sphere dithioether silver clusters,

tion sphere of the 1§ metal centers, Ag(l) and Au(l), via  [Age(CF:CO2)3(L1™)5(SCHy)]w» (1) and [Ag(CF:CRCOy)s-

metal-directed self-assemBlp investigate the influence of ~ (L1-Me)(SCH)3 (H20)]» (2).

experimental parameters, such as the type of anions, the size

and shape of the organic connectors, the metal-to-ligand ratio,Experimental Section

and the recrystallization solvent among others, upon the Materials and General Methods. The ligand LM was

supramolecular architectur&s:* It has been reported that g hesized following a published rep&tThe elemental analyses
the silver(l) centers have a propensity to form metallomac- ywere performed by the Laboratoire d’AnalySéentaire (Uni-
rocycle clusters when they are combined with asymmetrical versitede Montral), IR spectra were recorded on a Perkin-Elmer
thiol ligands as opposed to gold(l), which favors supramo- 1750 FTIR (4006-450 cnt?) spectrometer with solid samples
lecular arrangemenfsHowever, the flexible symmetrical  prepared as KBr pellets for the complexes, and NaCl plates were
thioether spacers promote supramolecular arrangements foused for the liquid ligand. ThéH (300 MHz) NMR spectra in
Ag(l) from 1D to 3D coordination polymers/networks that —solution were recorded on a Bruker AV300 at 25. Chemical

are formed in which the metal centers are propagated by theshifts are reported in ppm and are referenced to tetramethylsilane
organic ligand<®-15 In the gold(l) complexes, the Au@) as the internal reference for thiel spectra. No NMR spectra are

Au(l) aurophilic interactiotf 22 allows for the expansion of reported forl and 2 because these complexes could not be
the discrete molecules into 1D or 2D networks solubilized. The GC/MS analyses were made on an Agilent

) Technologies 6890 Network GC system equipped with an HP-5MS
We recently reported MOFs based on the Self'assemblycapillary column and a 5973 MS selective detector. Melting

of the small bis(methylthio)methane; ¢, building block points were obtained with a MEL-TEMP apparatus and are
and silver(l) salts, in which the anions have a marked yncorrected.

influence upon the resulting coordination polymers or  Syntheses. [AgCFsCO2)s(L1M&)5(SCHa)3l. (1). Ag(CF:COy)
networks!! The combination of trifluoroacetate or heptafluo- (217.2 mg, 0.98 mmol) was dissolved in acetone (5 mL). This
robutyrate and Ve |ed to the formation of “isostructural”  mixture was stirred with a solution of bis(methylthio)methane (0.3
2D frameworks in which the anions complete the coordina- mL, 2.935 mmol) in diethyl ether (5 mL) at room temperature for

tion sphere of the silver(l) centers. Hence, the self-assembly2 h and then filtered. The filtrate was left standing at room
temperature for several months until single crystals suitable for

] gﬁgﬁqr,zgmﬂglvgé%%n, R. P.; Gardinier, J. R.; Smith, M.lorg. X-ray analysis appeared (yield 32%). Anal. Found: C, 14.61; H,
8) (@ Wi'thersby, M. A.; Blake, A. J.: Champness, N; Rooke, P. A.; 02'31; calcd for GgHaiOsFoSoAge: C, 14.89; H, 2.29. mp= 122
Hubberstg, P.; Li, W. S.; Schider, M.Inorg. Chem1999 38,2259. C. IR (KBr, cnmr): 3430 (w), 3047 (w), 2997 (w), 2924 (w),

slt\)/)IBlak% ﬁ\ JC-EChangnesg I,t\l' RT C(;Oolged 28?1 ’Ellgci/l\?%? J-bE- B.; 2834 (w), 1678 (vs), 1411 (s), 1330 (vs), 1206 (vs), 1158 (vs),
ilson, C.J. Chem. Soc., Dalton Tran . (c) Withersby,

M. A.; Blake, A. J.; Champness, N. R.; Hubberstey, P.; Li, W. S; 1029 (s), 980 (w), 836 (w), 817 (s), 778 (), 731 (s), 693 (w), 651
Schraler, M. Angew. Chemnt. Ed 1997, 36, 2327. (d) Noro, S.; (W), 585 (m), 539 (w), 515 (w).

Kitaura, R.; Kondo, M.; Kitagawa, S.; Ishii, T.; Matsuzaka, H.; [Age(CF3CF,CO,)3(L 1Me),(SCH3)3(H20)]w (2). This complex
Yamashita, M.J. Am. Chem. So@002 124,2568.

° ) ) o : was synthesized in the same mannefasing Ag(CRCF,CO,)
9) Nomiya, K.; Yokoyama, H.; Noguchi, R.; Machida, Khem. Lett.
O o e Y 9 (350 mg, 1.292 mmol) andtMe (0.3 mL, 2.935 mmol). About 4
(10) Awaleh, M. O.; Badia, A.; Brisse, F.; Bu, X. Hhorg. Chem2006 months later, single crystals suitable for X-ray analysis were
45, 1560. : . deposited (yield 37%). Anal. Found: C, 14.62; H, 2.11; calcd for
(12) ,zAgv7eA11I'eh, M. O.; Badia, A.; Brisse, FCryst. Growth Des2006 6, CigH27O-F1:S/Ags: C, 14.30; H, 1.80. mp= 126 °C. IR (KB,
(12) Awaleh, M. O.; Baril-Robert, F.; Reber, C., Badia, A.; BrisseCFst. cm1): 3431 (br), 3098 (w), 2916 (w), 2863 (w), 1670 (vs), 1437
Growth Des, submitted for publication, 2007. (s), 1370 (m), 1323 (w), 1218 (vs), 1148 (vs), 840 (s), 807 (s), 725
(13) Black, J. R.; Champness, N. R.; Levason, W.; Reid]. @hem. Soc., (s), 598 (m), 516 (m)
Chem. Commuril995 1277. ’ e ) ) )
(14) Black, J. R.; Champness, N. R.; Levason, W.; Reid]l. @hem. Soc., X-ray Diffraction. The X-ray intensity data were collected on
Dalton T(ans.1995 3.439. . . a SMART 6K CCD equipped with a rotating anode (Ca K =
(15) gg’séo%z' ';Olé'o\év' F.; Du, M.; Chen, W.; Zhang, R. Bryst. Growth 1.54178 A) and an area detector using a Mirror Montel 200 Optics
(16) Pyykkq P.; Zhao, Y.Angew. Chem1991, 103 622. monochromator. The unit-cell refinement and data reduction were
(17) Sladek, A.; Schmidbaur, thorg. Chem1996 35, 3268 and references  obtained with the program SAIN#. An empirical absorption
therein. ; ; ; _
(18) Li, J.: Pyykko P.Chem. Phys. Lettl992 197, 586. correction, based on multiple measurements of equivalent reflec
(19) Schmidbaur, HPure Appl. Chem1993 65, 691.
(20) Li, J.; PyykKg P.Inorg. Chem.1993 32, 2630. (23) Hartley, F. R.; Murray, S. G.; Levason, W.; Soutter, H. E.; McAuliffe,
(21) King, C.; Wang, J. C.; Khan, Md. N. |.; Flacker, J. P.,ldarg. Chem. C. A. Inorg. Chim. Acta1979 35, 265.
1989 28, 2145. (24) SAINT, release 6.06; Integration Software for Single Crystal Data;
(22) Schmidbaur, HChem. Soc. Re 1995 391. Bruker AXS Inc.: Madison, WI, 1999.
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Table 1. Crystal Data and X-ray Data Collection Parameters

in Figure la. In this structure, the two centrosymmetrically
related units generate a 12-silver nuclear complex,

1 2
formula GigH33Ag6Fe06Se CigH27Ag6F1507S, [Ag.lz(CECOZ)G(L17Me)6(SCH3)6]' WhICh may be best de-
mol wt 1452.20 1512.02 scribed as an atlas-sphere cluster (Figure 1b). These clusters
cryst size (mm) 0.16:0.04x0.04  0.20x 0.11x 0.08 are linked through the bis(methylthio)methane spacers and
space group P2i/c P1 . .
a(R) 13.2763(2) 13.0172(8) form a 1D coordination polymer.
b (é) 20.7631(4) 13.2443(8) The structural analysis reveals the presence of 8€H;
g((d)eg) 1950'7275(3) é;‘:sl’gzl:’;(g) entity that links four silver(l) ions in au-bridging mode
S (deg) 109.47(1) 64.59(1) (Figure 1b). This type of bridging is not unusual. For
4 (Id‘}g) 3887 113 3%‘33%2 example, Su et al. reported a 1D coordination polymer where
\éo ) 4 (13) 5 @ the "SGH4NH3* zwitterion demonstrated thes-bridging
D (calcd, g cm?d) 2.360 2.443 mode connecting four Ag(l) centet$Similarly, Jeannin et
F(000) 2784 1436 : : :
temp (K) 20002) 153(2) al. reported that the action of an glkylthloalkyne _onaolron
(Mo Ka) (mm-Y) 27585 26.820 carbonyl produced a cluster containing th&G,Hs entity:
Hgax(deg) 68.96 68.88 In the cluster ofl, there are two types of sulfur atoms,
EW[J“ZZZZS()H)] g:gggé 8:22% each type being associatedlwith a distirjct coordination' mpde.
R (all data) 0.0374 0.0865 The sulfur atom of the bis(methylthio)methane building
S:W (all data) 106049042 00914‘266 block, L1Me is coordinated to only one silver center, whereas

AR = JIIFo|Fdl / T|Fol. PRy = [SW(F2 — FAZTW(F)?M2 ¢S =
[SW(Fe2 — FA)Z(m — n)]¥2 (mis the number of reflections amdlis the

the S atom of the SCH; unit is involved in four coordina-
tions to Ag(l) atoms in a square-pyramidal configuration,

Ada(us-SCH).

The cluster may be described as being made up of three
sections: a central layer consisting of an almost planar ring
of eight atoms (Ag-S-),, which has above and below it two

number of parameters).

tions, was applied using the program SADABT he space groups
were confirmed by the XPREProutine in the program SHELX-

TL.%7 The structures were solved by direct methods and difference : .
Fourier techniques with SHELXS-%% The structure refinements square-based pyramids, 4g.-SCH). These pyramids are

were carried out on the basis Bt by full-matrix least squares. In  connected to the central eight-membered ring through Ag

1, two trifluoroacetate groups were found to be disordered over A9 and Ag-S bonds. This description applies to any pair
three different orientations in the ratios 40/36/24 and 60/20/20. The Of diametrically opposedSCH; groups (Figure 1b).

C—F distances of those anions were constrained to be equal Alternatively, the clusters may be described in terms of a
(SADI).28 The thermal parameters of all of the disordered atoms distorted cuboctahedron. The notatio4%3 describing a
were constrained such that the corresponding atoms of the majorperfect cuboctahedron indicates that two triangular faces and
and minor entities kept the same values (EABPh 2, some of ~ two square faces meet at each corner. The silver atoms
th(_e C_B groups were slightly disordered because their thermal occupy the corners of the polyhedron, whereas the sulphur
ellipsoids were larger than those of the other atoms. These a’[omsi,:‘tomS of theus-SCH; units are located above each of the
were constrained such that they had approximately the same therma

e . : . square faces (Scheme 1).
ellipsoids as the corresponding nondisordered atoms using the L . . .
EADP instruction of SHELXS-978 The H atoms on the water | "€ 1D coordination polymer is obtained as each bis-

molecule of2 were found on a Fourier difference map and were (Methylthio)methane spacer joins the Ag(1) and Ag(5) atoms
included in the refinement at their fixed positions. Crystal data and Of the adjacent clusters (Figure 2).
data collection parameters are listed in Table 1. The Ag—S distances, ranging from 2.605(1) to 2.656(1)
A, are in the normal interval for silver dithioether complexes
(2.434(2)-2.697(1) A) (Table S3):31The Ag—S distances

Crystals of complexes of and 2 are quite difficult to for the us-SCHs unit are shorter because they vary from
obtain. It usually takes 4 to 5 months to grow them as small 2.466(1) to 2.581(1) A and are in the normal range fog-Ag
single crystals. These cannot be recrystallized because theyus-SR)?°3032The trifluoroacetate anions adopt two coor-
cannot be redissolved. It is worth mentioning thalhas a dination modes (Figure 1a). In one case, the anion completes
polymorph. However, it does not coexist, at the time of the coordination sphere of the metal center (Scheme 2a), and
crystallization, with its other form. in the other, it bridges two silver atoms, resulting in the

[Age(CF3CO,)3(L1"Me)5(SCHa)s] (1). The content of the  Ag(2)—O(3)—C(5)—0(4)—Ag(3) five-membered ring
asymmetric unit and the atomic numberinglore shown (Scheme 2b).

The bis(methylthio)methane organic connector plays two
distinct roles. First, one =™ bridges two silver(l) centers

Results and Discussion

(25) Sheldrick, G. M.SADABS Bruker Area Detector Absorption Cor-
rections Bruker AXS Inc.: Madison, WI, 1996.
(26) XPRER release 5.10; X-ray Data Preparation and Reciprocal Space

Exploration Program; Bruker AXS Inc.: Madison, WI, 1997.

(27) SHELXTL release 5.10; The Complete Software Package for Single-
Crystal Structure Determination; Brucker AXS Inc.: Madison, WI,

1997.

(28) (a) Sheldrick, G. MSHELXS97: Program for the Solution of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1997. (b)
Sheldrick, G. M.SHELXL97: Program for the Refinement of Crystal

Structures University of Gdtingen: Giatingen, Germany, 1997.

(29) Su, W.; Cao, R.; Hong, M.; Chen, J.; Lu,Ghem. Commuri998
1389.

(30) Jeannin, S.; Jeannin, Y.; Robert, F.; Rosenberget. ®. Acad. Sci.
Ser. 111992 1165.

(31) Silva, R. M.; Smith, M. D.; Gardinier, J. Rnorg. Chem.2006 45,
2132,

(32) Wolf, T. E.; Berg, J. M.; Power, P. P.; Hodgson, K. O.; Holm, R. H.
Inorg. Chem.198Q 19, 430.
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3 Ag3

(a) (b)

Figure 1. (a) Asymmetric unit and atomic numbering &f (H atoms and minor parts of the disordered fluorine atoms have been omitted for clarity.) (b)
Atlas-sphere cluster df. Theus-S bridges four silver atoms. (H atoms, trifluoroacetate groups, and bis(methylthio)methane have been omitted for clarity.)

(a) (b)

Figure 2. (a) Clusters inl are interconnected through the bis(methylthio)methane spacers, forming chains paralleataxtee(The trifluoroacetate
groups and the H atoms have been omitted for clarity.) (b) Packing diagramvigwed down the chain axis (tteeaxis), showing the hexagonal packing
of cylindrical rods.

Scheme 1 2

(a) (b)

a(a) Perfect cuboctahedron with square and equilateral triangular faces. (b) Distorted cuboctahedron made of the 12 Agd.afbergiis a Ag atom
at each corner of the polyhedron. (c) A8 cluster in1. The black circles above each of the distorted square faces represent the sulfur atoms.

through its sulfur atoms, producing a five-membered ring, silver(l) salts!* Second, four E™Me spacers link one

Ag(2)—S(1)-C(11)-S(2)-Ag(4) (Figure 1 and Scheme 2c¢). [Ag1(CFRCO,)s(L1 Me)s(SCHs)g] cluster to two others to
This kind of coordination was observed whetr ¢ was form a 1D coordination polymer parallel to theaxis (Figure

self-assembled with the methylsulfonate or the succinate 2a). The solid-state organization of this metal-organic

3188 Inorganic Chemistry, Vol. 46, No. 8, 2007
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= F10
F6 F8

(a)

(b)

Figure 3. Complex2. (a) Content of the asymmetric unit and atomic numbering. (b) Centrosymmetric cluster with the two water molecules coordinated

to the Ag(4) atoms.

Scheme 2
CF; CF,
T T)\T
Ag Ag--eeseemee Ag
(a) (b)

coordination polymer may be best described as a hexagonathis complex, £, CRCFRCO,~, H,O, andus-SCH; groups

packing of cylindrical rods (Figure 2b).

In this complex, the silver atoms present different coor-
dination modes, from 5 to 7. Atom Ag(6) has a coordination
of 5, whereas Ag(1), Ag(4), and Ag(5) have a coordination
of 6. The Ag(2) and Ag(3) atoms have a coordination of 7
(Figure S1). The silversilver distances, which range from

are all bound to silver atoms. The silvesilver distances in
2, which range from 2.961(1) to 3.380(1) A, indicate, as they
do for 1, the presence of some weak argentophilicity (Table
Sl)_?,4—36

The description of2 follows that of 1. The disordered
pentafluoropropionate group displays a monodentate bridging

2.9250(5) to 3.3615(6) A, are shorter than the sum of the mode and a dibridging mode in association with two metal

van der Waals radii, 3.44 & and the shorter distance,
2.9250(5) A, is slightly longer than 2.89 A, which is twice
the metallic radius of silver (Table S3)According to the

centers. The bis(methylthio)methane ligand has two kinds
of coordination modes. First,'tMe dibridges two silver(l)
centers (Scheme 2c). Second, fodir'® organic connectors

literature, there may be some weak interactions between thejin one [Ag(CFRCFRCOL)s(L M) 4(SCH)s(H20),] cluster

metal centerg* 36

[Age(CF3CF2COZ)3(L 17Me)2(SCH3)3(H20)]m (2) The X-
ray analysis of2 reveals the existence of a A& cluster
comparable to that ofl. These two clusters are nearly

to two others, thus developing into a 1D coordination
polymer parallel to thea axis (Figure 3). The two water
molecules are centrosymmetrically related. The O(7) water
molecule (Ag(4}-0O(7) = 2.385(7) A) completes the coor-

identical except for the presence of two water molecules gination sphere of the Ag(4) atom. In turn, this water

in 2. The repeat unit of this complex consists of
[Ag12(CRCRLCO,)6(L M) 4(SCH)s(H20)] (Figure 3). In

(33) Porterfield, W. W.Inorganic Chemistry: A Unified Approach
Academic Press: San Diego, CA, 1994; pp 168, 180.

(34) Ahmed, L. S;; Dilworth, J. R.; Miller, J. R.; Wheatly, forg. Chim.
Acta 1998 278 229 and references therein.

(35) Wang, Q. M.; Mak, T. C. WJ. Am. Chem. So001, 123 7594.

(36) Bosch, E.; Barnes, C. llnorg. Chem.2002 41, 2543.

molecule is strongly hydrogen bonded to the oxygen atoms
of two pentafluoropropionates. The first H bond between
O(7) and the O(2) atom of a pentafluoropropionate is
characterized by O(2)0(7), 2.741(1) A and O(AH-+-0(2),
167.3.

The second H-bond interaction takes place between the
water molecule of a cluster and the £LF,CO,~ group in

Inorganic Chemistry, Vol. 46, No. 8, 2007 3189
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(b)

(@)
Figure 4. Complex2. (a) One-dimensional association of clusters resulting in chains parallel ®akis. (b) Disposition of the chains on tlaé plane
showing the H bonding and revealing the hexagonal environment of the clusters.

Table 2. Summary of the Structures Observed for Some Complexes of Silver(l) Salts and Bis(methylthio)methane

trifluoroacetate

pentafluoropropionate

heptafluorobutyrate

clusters in 1D coordination polymer
[Ags(CRCO)3(L 1 Me)3(SCHy)q]

2D coordination network
[AgLIMe(CRCOy)] not observed

an adjacent coordination polymer (OAp(2)#2, 2.818(1)
A; O(7)—H:--0(2), 160.9; symmetry code for #2:—x +
1,—y, —z+ 2) (Table S2). Thus, this second H bond linking
polymeric chains gives rise to a 2D coordination polymer
parallel to the (001) plane (Figure 4b).

The Ag—S distances for thew,-SCH; unit range from
2.443(2) to 2.553(3) A, which are in the normal interval for
Ag4(us-SR) (2.577(5)-2.690(5) A)23032The Ag—S separa-
tion (2.429(2)-2.691(3) A) when the bis(methylthio)methane
is coordinated to the Ag(l) ions compares well to those in
the silver dithioether coordination polymers (2.434(2)
2.697(1) A) (Table S33131We note that there exist Cu(l)

complexes whose structures are related to ours. The crystal

structures of two Cu(l) complexes containing the Syl
cluster and quadruply bridging zwitterionic thiolate ligands
were reported by Prichard et #l.

The similarities stop here because the;fS clusters,
bridged to one another through Br or Cl atoms coordinated
to Cu(l) atoms, form a 2D network.

Supramolecular Isomerism and TopologyWe have just
described two 1D coordination polymerk,and 2, which
are topologically identical. Interestingly, the reaction

(37) Prichard, R. G.; Parish, R. V.; Salehi,Z.Chem. Soc., Dalton Trans
1999 243.
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[Ag6(CRCRLCO,)3(L1Me)(SCHy)z (H20)]

not observed
[AgEMe(CRCR,CR.CO,)]

of bis(methylthio)methane and silver trifluoroacetate, which
yields 1, also produces the 2D coordination network
[AgL 1"Me(CF;COy)]. much more easily. This latter complex
is, in turn, topologically related to the heptafluorocarboxylate,
[AgLYM¢(CRCR.CRCOy)]. (Figure S3).

The relationship between the four silver(l) complexes of
bis(methylthio)methane and the three perfluorocarboxylate
anions is summarized in Table 2. It was the attempt to
synthesize the analogous pentafluoropropionate that led to
the discovery ofl. and2. Attempts to synthesize the related
heptafluorobutyrate incorporating the A§s cluster were
unsuccessful.

Comment on u4-SCHs. The us-SCH; entities bridging
four adjacent silver(l) centers were observed and2. Each

of these species comes from the-§ cleavage of the CH
SCHSCH; organic building block, Ve, In addition, the
GC/MS of L}"Me shows a mean peak at 108 that corresponds
to the L1"Me and another one at 61 that matches the;:CH
SCH" entity. C-S cleavage of dithiolates is not uncommon.
For example, Jeannin et al. described the structure of the
[Fes(COnaAus-S)u-SGHs),] cluster obtained by the self-
assembly process of [{€0)5] and CHs—C=C—SGH5.%°

The unsymmetrical Ck+C=C—SGHs building block un-
dergoes a €S cleavage during the synthesis of that complex.



One-Dimensional Coordination Polymers

Prichard et al. indicated that zwitterionic ligands were a nated water molecules. These form hydrogen bonds that
requisite for their CwSs cluster to form?” However, this is connect adjacent chains in a 2D coordination network.
not a requirement for the syntheses of.48 clusters. That We note that no cluster could be obtained with the longer
a cleavage is noted in two't"¢ complexes is surprising  heptafluorobutyrate. Although numerous complexes contain-
because there are many structures containing the dithioetherng the "R ligand (1 = 1—10 and R= Me, Et, Ph, tBu,

family of ligands, L%, but none involving the presence of  genz) have been reported, it is only with the smallest one,
a cluster. It could be that the small size of the ligand< L1-Me that clusters can be formed, albeit with difficulty.
1 and R= Me) is the controlling factor. However, because
1 has a polymorph that does not contain a cluster, it is not Acknowledgment. This project was funded by the
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Unusual 1D coordination polymers are observed in graduate scholarship.
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plexes, a AgSs cluster is formed with a fragment of the information files forl and2, structures of coordination polyhedra
ligands and the silver(l) centers. The clusters incorporate thearound the silver atoms ihand2, and the structure of the poly-
~SCH; anion, inus-SCH; coordination, which is obtained ~— morph of the trifluoroacetate and the related heptafluorobutyrate.
through the breakup of some of the ligand molecules. The Silver—silver distfances, characteristics.of the hydrogen bqnd;, and
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