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This paper describes three novel and distinctive organosilver(l) complexes with propeller ligand, hexaphenylbenzene
(HPB), whose structures are controlled by selected solvents and anions. Treatment of HPB with Ag€IO
AgCR;SG; in toluene gave, complexes [AEHPB)(ClOy)4] 1 and [Ag(HPB)(CRSOs),(toluene)]2, respectively.

The single-crystal X-ray analysis revealed thatontains 2-D sheet framework wheregasonsists of 1-D chain
structure. In both complexes the anions play the role of linkers instead of spacers in the construction of polymeric
structures. In contrast, complex [X#PB)(CIOy)(THF),] 3, obtained by using tetrahydrofuran (THF) in place

of toluene in the synthetic process bf exhibits a discrete dimer. The fundamentals of the synthesis of these
complexes, influences of anions and solvents on their coordination networks, and physicochemical properties are
discussed. The present findings may serve as a basis for understanding the construction of solid-state materials
with designed architecture in crystal engineering. Crystallographic data are as follov@iH15Ag>Cl.Os,
monoclinic, P2i/c, a = 10.543(2) A,b = 11.934(4) A,c = 16.884(3) A, = 94.08(2}, Z = 4. 2: CsiHzs
Ag2S,Fs0s, monoclinic,C2/c, a = 18.200(4) A b = 16.831(7) A,c = 16.244(3) A3 = 110.96(2), Z = 8. 3:
CasH23AgClOs, monoclinic,P2i/c, a = 11.321(3) Ab = 12.511(4) A,c = 16.357(3) A5 = 99.98(2), Z = 4.

Introduction and structurally characterized. However, the investigations of
The recent studies in organometallic chemistry have revealed

that the incorporation of metal ions into the polycyclic aromatic Ph Ph Ph

hydrocarbon (PAH) system through catianinteractions can P Ph Ph Ph

dramatically influence the physical properties of the fused OO

polyaromatic solid surfacés® and may result in potential PH Ph Ph Ph

applications in electrical conductors and photosensitive de- Ph Ph  Ph

vices*® As members of the PAH family, polyphenyl polycyclic
aromatic hydrocarbons have attracted remarkable current interest
owing to their unusual molecular conformations, exceptional
stability, and potential to serve as building blocks for very large

hexaphenylbenzene (HPB) octaphenylnaphthalene

. Ph
organic structure%.Some of these compounds such as hexa- Ph Ph Ph Ph Rh Ph
phenylbenzenépctaphenylnaphthaleffelecaphenylbiphenl? Ph Ph
decaphenylanthracefeand other&1° have been synthesized Ph Q O Ph
PH Ph
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these compounds for functional organometallic solid materials
are quite rare, and in particular, the use of their coordination
complexes as potential building blocks for supramolecular
architectures by virtue of their unique geometry and overall
dimensions, has been neglectéd.

Our continuing interest in construction of supramolecular
architectures of metal ions with polycyclic aromatic hydrocar-
bong-1213|ets us consider the incorporation of metal ions into
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the polyphenyl aromatic hydrocarbon systems for the generationTable 1. Crystallographic Data
of novel molecular or supramolecular networks with potential 1 2 3
physicochemical properties. We have targeted our study on the

propeller ligand hexaphenylbenzene (HPB), the simplest mem-;:,)vrmma géi&égAnglea Cisﬂgﬁgzsg&os Céﬂzﬁgdo
ber Of the p0|ypheny| famlly SI|VeI’(|) IOI’] |S ChOSGn as the metal Cryst syst monoclinic monoclinic monoclinic
center because of its diverse and flexible stereochemistry. Thespace group P2i/c C2lc P2;/c
initial results with the characterization of the structure and T.°C 23.0 23.0 23.0
electrical property of [Ag(HPB)(CIQy)J], 1, reported in our g"é ﬁggi(? ig'ggg(‘;) ggﬁ(i)
preliminary communicatiok?! have shown that the mobile ' 16'8848 16'24423; 16'35753;
silver(l) ions can exhibit varied coordination topologies around [3’, deg 94_08(2) 1io_96(2) 95.98(2)
the peripheral rings of the propeller depending on the synthetic v, A3 2118.9(8) 4646(2) 2281.7(9)
conditions selected. This has prompted us to consider theZ 4 8 4
possibility that the crystal engineering of such a system with d(calcd), gcm?® 2.138 1.630 1.592

; : : : . radiation Mo Kot Mo Ka Mo Ka
designed structures may be realized by using simple controlling - _ _

) . S L (A=0.71069A) 4 =0.71069A) £=0.71069 A)

factors such as anions or solveHt§Vith this idea in mind, we i, (Mo Ka) cmL 21.44 10.05 10.32
successfully synthesized two other complexes, ;[N§B)- R2R,P 0.056, 0.052 0.057, 0.067 0.050, 0.056

(CFsSOs)a(toluene)],2 and [Ag(HPB)(CIQy)2(THF),], 3. Here ap_ 3 _— o 1
we describe the syntheses and characterizations of this system R= 2IIFol = IFell/ZIFl. ® R = {3W(IFol = [Fe)¥3WFo}

to show how the mobile silver(l) ions are assembled around instead of toluene. Anal. Calcd for@,AgCIOs: C, 54.92; H, 4.24.
the highly symmetrical propeller ligand to build up distinctive Found: C, 54.57; H, 4.42.

molecular/supramolecular architectures and result in different  X-ray Crystallography. The single-crystal suitable for X-ray

physicochemical properties. measurement was fixed on a glass fiber with adhesives. All diffraction
data were collected at room temperature on Rigaku AFC7R four-circle
Experimental Section diffractometer equipped with graphite-monochromated Mor&diation

and a rotating anode generatar(Ko) = 0.71069 A). Intensity data

General ProceduresAll reactions and manipulations were carried  were collected by using standard scan techniques-(26). Space
out under an argon atmosphere using the usual Schlenk techniquesgroups were selected on the basis of systematic absences and intensity
Solvents were dried and distilled by using standard methods before statistics. Fod and2, the intensities of three representative reflections,
use. Hexaphenylbenzene, silver(l) perchlorate, and silver(l) trifluoro- measured at 150 reflection intervals throughout data collection, remained
methanesulfonate were purchased from Aldrich Chemical Co., Inc. and constant, indicating crystal and electronic stability. Thus, no decay
used without further purification. AQClzH,0 was dried at 40C under correction was applied. For compl8xthe standards decreased by 5.6%
reduced pressuref® h before use. Microanalyses were performed by during the data collection. A linear correction factor was applied to
the Department of Chemistry, Tokyo Metropolitan University. IR the data to account for this phenomenon.
spectra were recorded as KBr disks on a JASCO8000 FT-IR spec- An empirical absorption correction based on azimuthal scans of
trometer. ESR spectra were obtained on JEOL JES-TE200 ESRseveral reflections was applied which resulted in transmission factors
spectrometer. The electrical conductivity of compacted pellets was ranging from 0.88 to 1.00 and from 0.82 to 1.00 fbrand 3,
measured by the conventional two-probe technique at room temperaturerespectively. For comple®, azimuthal scans of several reflections
Caution: Perchlorate salts of metal complexes with organic ligands indicated no need for an absorption correction. The data were corrected
are potentially explosive! Only small amounts of materials should be for Lorentz and polarization effects. The structures were solved by direct
prepared and handled with great care. methods® expanded using Fourier techniquésand refined by full

Syntheses. [Ag(HPB)(CIO4)4] (1). HPB (5.4 mg, 0.01 mmol), was matrix least-squares minimization §fv(|Fo| — |Fc|)? with anisotropic
added to a vessel containing 6 mL of toluene. The suspension wasthermal parameters for all of the non-hydrogen atoms. The positions
heated gently to make the solute dissolve completely and then AgClO of all the hydrogen atoms were determined from difference electron
(12.5 mg, 0.06 mmol) was added. After being stirred for about 20 min, density maps and included, but not refined. Reliability factors are
the resultant colorless solution was introduced into a 7-mm-diameter defined asR = 3 (|Fo| — |Fe)l/X|Fol and Ry = {Sw(|Fo| — [Fcl)?/
glass tube and layered withhexane as a diffusion solvent. The glass > WIFo/% ¥ Atomic scattering factors and anomalous dispersion terms
tube was sealed under Ar and wrapped with aluminum foil. After Wwere taken from the usual sourcésAll of the calculations were
keeping the glass tube at room temperature for 3 weeks, colorlessperformed using the teXsan packég®etails of the X-ray experiments
prismatic crystals suitable for single-crystal X-ray analysis, correspond- and crystal data are summarized in Table 1. Final atomic coordinates

ing to 1, were obtained. Anal. Calcd for,@¢15Ag2Cl.Os. C, 36.98; for all of the structures are given in the Supporting Information. The
H, 2.22. Found: C, 36.40; H, 2.31. selected bond distances and angles for three complexes are listed in
[Ag(HPB)(CFsSOs).(toluene)] (2). Similar to the synthesis df, Table 2.

to a solution of HPB (5.4 mg, 0.01 mmol) in 6 mL of toluene. AgCF

SO; (25 mg, 0.1 mmol) was added. After being stirred for about 20
min, the resultant colorless solution was introduced into a glass tube  Syntheses and PropertiesA ligand generally is coordinated
and layered witm-hexane. The glass tube, sealed under Ar and wrapped top metal ions via a stoichiometric reactib#?but the complexes

with aluminum foil, was left standing at room temperature for 5 weeks; rasented here are prepared via reactions of excess metal ions
colorless prismatic crystals suitable for single-crystal X-ray analysis,

corresponding t@, were obtained. Anal. Calcd forsgHssAgzS,FeOs: (16) SIR88: Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo, C.;
C, 53.70; H, 3.35. Found: C, 53.23; H, 3.42. Polidori, G.; Spagna, R.; Viterbo, . Appl Crystallogr.1989 22,
[Ag2(HPB)(ClO4)(THF) ] (3). The colorless prismatic crystals of 389.

3 were prepared in the same way hwsing tetrahydrofuran (THF) (17) DIRDIF94: Direct Methods for difference structures: an automatic
procedure for phase extension and refinement of difference structure
factors. Beurskens, P. T.; Technical Report; Crystallographic Labora-

Results and Discussion

(14) Ning, G. L.; Munakata, M.; Wu, L. P.; Maekawa, M.; Kuroda-Sowa, tory: University of Nijimegen, The Netherlands, 1994; Vol. 1.
T.; Suenaga, Y.; Sugimoto, Knorg. Chem.1999 38, 1376. (18) Cromer, D. T.; Waber, J. T. International Tables for X-ray Crystal-
(15) (a) Munakata, M.; Ning, G. L.; Kuroda-Sowa, T.; Maekawa, M.; lography; The Kynoch Press: Birmingham, England, 1974; Vol. IV,
Suenaga, Y.; Horino, Tinorg. Chem1998 37, 5651. (b) Danani, R. Table 2.2 A.
Chem. Eng. New4957 35, 5. (c) Braga, D.; Grepioni, FChem. (19) teXsan ver. 1,10 Structure Analysis Package. Molecular Structure

Commun.1996 571. Corp.: The Woodlands, TX, 1999.
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with the ligand HPB. In the experiments, when the molar ratio Table 2. Selected Bond Lengths (&) and Angles (deg)

of metal ions to ligand is less than 6 for complexesnd3, 10

1
for 2, the crystallized solid at room temperature contained only  Ag(1)—0(3) 2.478(8) Ag(1y0O(5) 2.50(1)
the free ligand. The reason for this phenomenon is 2-fold: (i)  Ag(1)—C(3) 2.420(9) Ag(1)yC(4) 2.72(1)
solvent toluene may react with silver(l) ions to form a  A9(1)—C(19) 2.75(1) Ag(2yO(3) 2.412(7)
complex2® which consumes partial silver(l) ions; and (i) when ﬁgggig((f)l) 3'2471(21()9) ﬁg((zzigﬁ% %'gggg%)
a complex formed in solution is “incongruently saturatify”, AS(Z)—C(lB) 2:68(1) g '
its crystal cannot be obtained \_/ia a stoichiometric react_i(_)n._This 0(3)-Ag(1)-0E) 71.23) O@MAGLICE) 141.33)
can be simply interpreted with the help of an equ2|Ia|pr|um 0(3)-Ag(1)-C(4) 116.73) 0(3)Ag(1)-C(19) 80.7(3)
diagram at room temperature for the selidjuid system?2in 0(5)-Ag(1)-C(3) 94.6(3) O(BYAG(1)-C(4) 108.9(3)
Scheme 1 based on the following equation. The diagram is o(sy.ag(1)-C(19)  110.0(3) C(3}Ag(1)-C(19)  137.4(3)
composed of four areas;-IV, representing, respectively, the  C(4)-Ag(1)-C(19)  140.3(3) O(3)Ag(2)-0O(6) 98.7(3)
unsaturated solution ofZ, crystallization of the purelL, O(3)-Ag(2)-C(10)  129.0(3) O(3yAg(2)-C(11)  112.7(3)
crystallization ofC and crystallization of the metal salt. The O@)-Ag(2)-C(17) ~ 108.1(3) O(3yAg(2)-C(18)  86.2(3)
0(6)-Ag(2)-C(10)  118.6(3) O(6YAg(2)-C(11)  102.3(4)
mM(metal ion) + nL(igand) <= C(complex) (in solution ) 8&%;_A/gé2-)€:&17;) 1;2.38; 8((%%2-)_0&% ﬂiggg
C(11)}-Ag(2)-C(17) 115.2(3) C(1BHAg(2)-C(18) 145.6(3)
f f} f C(L7-Ag(2yC(18)  30.7(3) C(10yAg(2)-C(11)  31.0(3)
C(3)-Ag(1)-C(4) 30.2(3)
M L C ( crystallized solid ) 2
equimolar-ratio lineéSCindicates that any point on this line has ﬁg:g(%) g'gggg%) ﬁgg((g; ggé?l(;g)
the same mole ratio of metal ion/ligand (i.e., m#f)If the Ag—C(9) 2.70(1) '
reactants are added to the reaction system stoichiometrically,
their total composition will be on the linBC at a given position, 883:?8:8% g;'ggg 88;?8:283 123'8((23
such asf, which is decided by the amount of solvent. The 0(3)-Ag-C(3) 101"0(4) O(3}Ag-C(8) 117:4(5)
gradual diffusion ofn-hexane, just like removing solvent 0(3)-Ag-C(9) 94.1(5) C(8Y-Ag-C(9) 28.8(3)
(toluene or THF) from solution, makes the unsaturated solution 3
saturated (that is, moves tog or goes into Il). In this case, _
only free ligandL is crystallized. To obtain compleg, it is ﬁg,g%ﬁ 3;2}183 ﬁ%;gg; g:gg%
necessary to add an excess of metal salt to make the total Ag—C(3) 2.73(2) Ag-C(8) 2.53(2)
composition on lineSD, or on any position which can fall into Ag—C(9) 2.75(2)
the area lll. Depending on different ligand, metal salt and AnL )
solvent, the positions dfy, by, €1, &, andC are changeable. If 883_%_88)) 1‘{1%’) 8%%?8-8% 13%:}?((23
the complexC is “congruently saturating”, it can be obtained O(1)-Ag-C(8) 113.5(6) O(1)yAg-C(9) 84.2(5)
via a stoichiometric reaction. That is why we are sometimes O(2)—Ag-O(5) 86.4(4) O(2)yAg-C(2) 99.4(5)
lucky enough to isolate the complex through a stoichiometric ~ O(2)~Ag-C(3) 84.4(5)  O(2yAg-C(8)  136.5(6)
reaction, and sometimes we are unable to obtain the solid 88:28:%8; Eg‘gg% 8&3?8:2% gg'?g
product without adding an excess of metal salts or ligands. In  5(5)-ag-c(9) 110.8(6) C(8)Ag-C(9) 29.8(5)
some cases, two or more complexes exist which correspond to c(2)-Ag-C(3) 29.2(5) C(2)>-Ag-C(8) 122.7(7)
different positions in the scheme owing to different components. C(3)—-Ag-C(8) 138.1(6) C(2rAg-C(9) 139.1(5)
If it is so, changing the molar ratio of metal ion/ligand can lead ~ C(3)~Ag-C(9) 134.9(7)
to different complexes. In the present work, only one complex S
T : b cheme 1
exists in each synthetic condition, thus no new complex was
obtained by changing the molar ratio. L
These three compounds are sparingly soluble in common
organic solvents. They are reasonably stable at ambient daylight
within one week, but exhibit moisture sensitivity at atmospheric
conditions. Complexl showed a increased conductivity with .
time during the measurement by two probe methagmin = b
0.015 (S cm?), whereas compleR is an insulator an@ displays ! > n c
semiconductive behavior withh = 3.0 x 1075 (S cnT?). ///- S m
IR Spectra. The interest in the IR spectra of these compounds 1 //f/// &1 i D
lies mainly in the coordinative interactions associated with the = 82
ligand and the counteranions. In Table 3 are recorded the IR S — :; M

spectra of complexe$—3 together with the free ligand HPB.

A broad strong absorption occurs in the region 109254 cnt?

in these three complexes, and their peaks are shifted to slightly
higher @, 3) or lower @) frequencies compared with the normal

trifluoromethanesulfonate groups in these complexes are present
not as ionic species, but as coordinated dids. addition,

whereasl contains three very strong, well-resolved, peaks
between 1090 and 1144 ci complex3 shows only one very
strong peak at 1096 crh, because of the different coordination
modes of the perchlorate ioA%24The coordination of silver(l)

absorption of AgCIQ at 1140, 1109, 1087 cm and AgCk-
SQ; at 1256, 1179 cmtt. This suggests that the perchlorate and

(20) Hofstee, H. K.; et alJ. Organomet. Chenl979 168 241.

(21) Campbell, A. N.; Smith, N. O. Phase Rule; Dover Publications, Inc.
(Mineola, NY,1951; pp 348-349.

(22) Reference 21: (a) pp 34356. (b) pp 277281.

(23) Hathaway, B. J.; Underhill, A. El. Chem. Soc1961, 3091.
(24) Hathaway, B. J.; Holah, D. G.; Hudson, 81.Chem. Socl963 4586.
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Table 3. IR Data for HPB and Complexek—-3 (in cm™1)2

HPB 1 2 3 assignment
3057 (w) 3057 (vw) 3057 (w) 3053 (w) v(CH)
3024 (m) 3024 (w) 3024 (w) v(CH)
1599 (m) 1618 (w),1599 (w), 1587 (w) 1599 (m) 1599 (m) v(CC)
1497 (m) 1493 (m) 1495 (m) 1495 (m) v(CC)
1441 (m) 1437 (w) 1441 (m) 1441 (m) »(CC)
1400 (m) 1402 (w) 1402 (m) 1400 (m) v(CC)
1072 (m) 1144 (vs), 1111 (vs), 1090 (vs) 1254 (vs), 1175 (vs) 1096 (vs) B(CH)
1028 (m) 1016 (s) 1034 (vs) 1028 (m) B(CH)

783 (m) 792 (s) 783 (M) 783 (M) y(CH)
729 (s) 740 (s) 731 (m) 731 (s) y(CH)
696 (vs) 706 (s), 629 (s) 696 (s), 648(s) 696 (s), 627 (s) y(CH)

@The underlined data are the frequencies for £10r CRSO;™. s, strong; m, medium; w, weak; v, very; stretching modep, in-plane
deformation modey, out-of-plane deformation mode.

e
o) ¥ Res
o K e ¥
- 2
> “hod_Jop P 00D
e g S
e > Q )
Rt 9 o DA
@ga@ P i S553 9) Qﬂ'&(‘
i Ao 7@“’ G \ét(é/
(@i/\/’kg) CZ\O,.\ b h (C‘:Olté/ \é‘:@_/’
o (_79& ,,,@‘g- %ECQ\ s i 74 (\/éqg e=0))
N Y PSP o e
KO o= S iy gﬁ Y &%\ ™
WopgTE ey 05 =
P o e A e, Has®
& e S
6&9@ %YA) 2 ’g_.é/ Qg C}Z s,
Figure 1. Structure and labeling of (ORTEP, 50% probability). a4 8 Ogé\\‘_@ ] ‘Lﬁﬁf (&g@c:
oo (g8 =
e M ﬁ ., =
. Ak Q&
ions to carbon or carbercarbons bonds of HPB can also be 74 693‘:0\? oo ,ggﬂ@ R
seen by comparing the spectra bf3 with that of the free ;,\?99’ P ©

ligand. The single peak at 1599 chin HPB appears split at ) i ) )
1618, 1599, and 1587 crhin complex1. The absorption at Figure 2. '_I'wo-d|mens_|onal sheet framework @f(uncoordinated O
1599 cnt! can be assigned to uncoordinated pheny! #i(@C), and Cl omitted for clarity).

that at 1618 and 1587 crhto the coordinated phenyl ring
v(CC). Similar splits have been observed for the coordinated
phenylene ring in our recently reported silver(l) complex of
thianthrene?® In 2 or 3 no split around 1599 cnt was observed,
but slightly lower frequencies at 1495 cin[v(CC)] and 3053
cm™! [v(CH)] than those of the free HPB at 1497 and 3057
cm! were found. This suggests that different coordination
modes and conformations of the ligand can result in varied shift
of IR frequencies. It is impossible to assign the bands around
1072 cn1l, owing to the overlap of the frequencies of GIO
and HPB.

2-D Sheet Structure of [Ag4(HPB)(CIQy)4] (1). The single-
crystal X-ray diffraction analysis df reveals a 2-D framework
constructed by Ag(hO linkage as well as carbon and/or
carbon-carbonr coordination of HPB with Ag(l). As illustrated
in Figure 1, the center of the propeller HPB molecule is
coincided with the inversion center so that only half of its
molecule is crystallographically unique. Two independent

silver(l) ions exist around the propeller, bridged by interactions (26) (a) Turner, R. Q.; Amma, E. L1. Am. Chem. Sod.966 88, 3243.

and the C atoms is 2.88 A, well beyond the limits observed in
the reported silver(l)-aromatic complex€:262° Thus, each
centrosymmetrical HPB molecule interacts with four pseudo-
tetrahedral silver(l) ions in a hexg-di-»* fashion and is linked

to the adjacent counterparts by two separate perchlorate ions
each bridging between the two metal centers, AgQ{3)—
Ag(2) and Ag(1)-O(5)—ClI(1)—0(6)—Ag(2) with the Ag--Ag
separation of 4.13 A. The dihedral angles between the planar
phenyl ring and the central ring range from°7® 8%. The
overall structure thus formed is a neutral 2-D polymeric
framework shown in Figure 2.

Chain Structure of [Ag2(HPB)(CF3SOs),(toluene)] (2).
When using AgCESG; instead of AgCIQ and changing molar
ratio of metal ion/HPB to 10/1 in the synthetic processlpf
the mobile silver(l) ions around the propeller form compex
with a one-dimensional chain structure. An ORTEP drawing
of its local coordination is depicted in Figure 3 together with

with the same phenyl ring, C(16C(21). Each metal center (b) Barnes, J. C.; Blyth, C. Snorg. Chem. Actal985 98, 181. (c)
interacts asymmetrically with two phenyl rings. Although Ag(1) E%?ﬂeHRGE.-;RﬁgQIr;g, RJ. E]U Qgﬂn- gﬁ:g Sggsgg 8702 55037357 (d)
involves oney'- and oney?-carbon bonding at AgC distances 57y 3y schmmidbaur, H.. Bublak, W.; Hunber, B.; Reber, G.JIbuG.
ranging from 2.420(9) to 2.75(1) A, Ag(2) involves twg- Angew. Chem., Int. Ed. Endl986 25, 1089. (b) Kang, H. C.; Hanson,
carbon interactions instead at A§ separations ranging from A.W.; Eaton, B.; Boekelheide, \A. Am. Chem. S04985 107, 1979.

; (28) (a) Rodesiler, P. F.; Griffith, E. A. H.; Amma, E. 0. Am. Chem.
2.572(9) to 2.68 A. The next closest contact between the silver Soc.1972 94, 761. (b) Rodesiler, P. F.: Amma, E. Inorg. Chem.

1972 11, 388.
(25) Munakata, M.; Yan, S. G.; Ino, |.; Kuroda-Sowa, T.; Maekawa, M.; (29) (a) Griffith, E. A. H.; Amma, E. LJ. Am. Chem. S0d974 96, 743.
Suenaga, YInorg. Chim. Actal998 271, 145. Griffith, E. A. H.; Amma, E. L.J. Am. Chem. S0d.974 96, 5407.
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perchlorate group from bridging two metal centers to chelating
one metal center, leading to a final dimeric, rather than
polymeric, structure. In addition, the participation of THF
molecules in bonding with metal ions causes considerable
concomitant effect on conformation of thedonor hexaphenyl-
benzene. The three independent peripheral phenyl rings of each
HPB are found almost perpendicular to the central benzene plane
with dihedral angles ranging from 810 85°.

Mobility of Silver(l) lons Around Propeller. The propeller
ligand is coordinated to silver(l) ions ing/5? fashion in all
three complexes, which, to the best our knowledge, is the first
example of metal complexation of a polyphenyl aromatic
hydrocarbon ligand. There is only one report in the literature
Figure 3. Structure and labeling & (ORTEP, 50% probability). describing HPB-coordinated compoundy8{CsPhs)Co (2

. . C,Ph), where the central benzene ring ofREs interacts with
the atom-numbering scheme. Similar to compleonly half e "cobalt jon in any® fashion to construct a monomer

of t_he propeller_molecule is unique owing to the coincider]ce structure!! The other reported complexes with propeller-type
of its center with the conversion center. The coordination ligands, GPh, (n = 3—5), also take central-ring coordination

geometry around the silver(l) ion is also pseudotetrahedral, ; an"-CqPh, (n = 3—5) fashion to form monomer, dimer, or
comprising two oxygen atoms from two separate triflate ions  qa) clyste?® The polymeric structures dfand2 in this study,
and twoz*-carbon atoms from two neighboring phenyl rings  ,ing to the bulky hexasubstituted benzene preventing the
of one propeller. The AgC bond distances range from 2.58(1) approaching of the two adjacent HPB molecules, are ac-

to 2.82(1) A. The next closest contact between silver and Carboncomplished by bridging CI© or CRSO;~ anions between two
atoms is 2.88(1). Compared with although the silver(l) ions silver(l) ions. The CIQ- and CRSOs~ anions play a role of
have quite similar local coordination environments and the HPB |iovor in such polyphenyl polymeric structures, instead of
molecules adopt almost thg same conformqtlon with the dlhedralSpacers as those found in most silver(l) complexes of polycyclic
angles between the peripheral phenyl ring and the central oy aric hydrocarborfst? Complexesl—3 retain the propeller
benzene ranging from 74 to 88it displayed its unique  configiration of HPB moief§f with the individual phenyl rings
polymerlc structure by special ordering of the mobile S|I\{er(l) being still planar within the limits of experimental error after
ions around and between the propeller. Unitkkerhere all six the coordination to silver(l) ions. However, the dihedral angles

substituted_phenyl rings parti_cipate in bonding, ?aCh CeN- petween the phenyl rings and the central benzene ring, ranging
trosymmetrical HPB molecule idinteracts symmetrically with g0 74 14 89, are significantly larger than those observed in

two Ag(l) ions in a tetray® fa§hion involving four phepyl fiNgS,  the noncoordinated HPB molecule (620.7),% indicating that
with other two at para-positions free of coordination. As the 4 conjugation between the phenyl rings and the central benzene
perchlorate ion irl, each CESO;~ group bridges between two i, giminishesi2 In complex3, for example, ther conjugation

metal cgnters. with the AgAg separatipn of 5'2.1 A. Such is almost disrupted (the dihedral angles are ned).9hese
connections give an overall one-dimensional chain structure ony, .« undoubtedly are attributed to the steric interference,

the ac plane with the solvate toluene molecules occupying the qing the silver(ly-x interaction of the peripheral rings, and
void space between the two chains, Figure 4a. The four ¢ | ant effect.

symmetry-related chains in the cell comprise a macromolecular The most remarkable feature of this study is the variable

.cavny downc aX|s.Where the toluene molecules are incorporated arrangements and high degree of silver(l) ions ordering around

In the center, Figure 4b. These solvent molecules are NOlihe peripheral rings of each HPB molecule controlled by solvents

|nvo.Ived_ in intermolecular contacts. . and anions. We have demonstrated that with the same bridging
Dimeric Structure of [Ag 2(HPB)(ClO4)o(THF)2] (3). This ligand and metal ions, these complexes may display quite

complex contains a discrete dinuclear structure as shown in e .o topologies: co,mplex exhibits a 2-D sheet structure

Figure 5. Unlike complexX or 2, where the metal ions involve 02 gives a 1-D chaiﬁ structure, whereass a discrete dimer.’

a distorted tetrahedral geometry, the coordination sphere aroun All these observations may be attributable to the steric require-

the silver(l) ion in3 can be regarded as five-coordinate if bond , _

. . ments$S of the CIQ;~ and CRESO;~ groups and solvent effeét.
!ength pfﬁzz.%?(Z) A E)r Ag—|0(2) IS tarlfer&_ as an e_ff_ectlve With the proper size of the ClIO ion and suitable organic
interactio?. Thus, each metal center in the dimeric unit interacts solvent, toluene, irl, the mobile silver(l) ions occupy four

. N . X i
with two ;*-carbon atoms from two neighboring phenyl rings coordinating sites for each HPB molecule forming a polymeric
of one propeller and two oxygen atoms from one perchlorate

group. The coordination geometry of the metal ion is completed

(30) (a) Cecconi, F.; Ghilardi, C. A.; Midollini, S.; Moneti, S.; Orlandini,

to five by interaction with one solvent THF molecule. The bond A. Angew. Chem., Int. Ed. Endl986 25, 833. (b) lyoda, M.; Sultana,

distances of Ag-C distances range from 2.53(2) to 2.75(2) A, F.; lSakaki, s.;IBlEtensc‘ho H. Tetrahedron hLett1995 36, i79. (c)
Bailey, P. J.; Blake, A. J.; Dyson P. J.; Ingham, S. L.; Johnson, B. F.

and those. of AgO range from 2.44(1) to 2.66(2) A. AS G. J.yChem. Soc., Chem. gommllrﬁ).94 2%33. (d) Schumann, H.;

observed ir2, the centrosymmetric HPB molecule also exhibits Lentz, A.; Weimann, R.; Pickardt, Angew. Chem., Int. Ed. Engl.

a tetrax?-coordination, symmetrically bridging two metal 1994 33, 1731.

centers. (31) Larson, E. M.; Dreele, R. B. V.; Hanson, P.; Gust, J. Axta

. . : Crystallogr. 199Q C46, 784.
Complex3 was obtained only by using solvent THF instead (32) (3) Brydges, S.. Britten, J. F.; Chao, L. C. F.. Gupta, H. K.

of toluene in the synthetic processbfThe pronounced solvent McGlinchey, M. J.; Pole, D. LChem—Eur. J. 1998 4, 1201. (b)
effect on complex structures is manifest. Compared with the Sundaralingam, M.; Jensen, L. B.. Am. Chem. Sod.966 88, 198.

structure of1, the solvated THF molecule i3 interacts  (33) Navarro, J. A. R, Salas, J. M.; Romero, A.; FaureJRChem. Soc.,
Dalton Trans.1998 901.

somewhat with the Ag(l) ion in place of one bridging perchlorate (34) Breault, G. A; Hunter, C. A.; Mayers, P. €.Am. Chem. S0d.998
group. This results in changing the bonding mode of the second 120, 3402.
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Figure 4. (a) Chain framework and (b) Molecular cell-packing2{down thec axis).

Cl4
Figure 5. Molecular structure 08 (ORTEP, 50% probability).

sheet framework. When the smaller anion €1@& changed to
the drastically larger anion G80O;™, the coordinated silver(l)

in the synthetic process @f the coordination of THF as a spacer
reduced the number of the interacting perchlorate groups about
each metal center from two to one and changed the anion-
bonding mode from bridging to chelating, leading to a final
dimeric, rather than polymeric, structure 3 This indicates

that the structure construction process in such systems is strongly
solvent-dependent.

In conclusion, with the mobile silver(l) ions and propeller
ligand HPB, three novel and distinct coordination compounds,
1-3, have been synthesized at room temperature by changing
anions and solvents. The polymeric networks fceind 2 are
formed by the linkage of ClI&r or CRSGO;~ anions between
two silver(l)-HPB units. It is believed that self-assembly of
aromatic compounds with transition metal ions can use the
unique aromatic shape of ligand, the steric requirement of
anions, and the solvent effect to construct a wide diversity of

ions around each propeller decreases to two forming one-supramolecular architecture with novel networks and different

dimensional chain framework a?. Further coordination of
silver(l) ions to the uncoordinated phenyl rings may be

physicochemical properties.
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