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Construction and Conductivity of W-Type Experimental Section

Sandwich Silver(l) Polymers with Pyrene and Preparations were performed under an argon atmosphere using usual

Perylene Schlenk techniques. All solvents were dried and distilled by standard
methods prior to use. Pyrene and perylene (Aldrich Chemical) were
used as received. ESR spectra were obtained on a JEOL JES-TE200

Megumu Munakata,* Liang Ping Wu, ESR spectrometer.
Takayoshi Kuroda-Sowa, |V_|a_53h|k0 Maekawa, Reaction of pyrene (pyr) or perylene (per) with 2 molar equiv of
Yusaku Suenaga, and Kunihisa Sugimoto AgClO,H;0 in 5 mL of benzene yielded a yellow solution, which

was transferredot a 6 mm diameter glass tube and layered with

Department of Chemistry, Kinki University, Kowakae, n-pentane for the pyrene andhexane for the perylene. The glass
Higashi-Osaka, Osaka 577, Japan tube, sealed under Ar and wrapped with aluminum foil, was left standing
at —5 °C for 3 days; pale yellow brick crystals of [A@yr)(CIOs).]
Receied May 23, 1997 (1) (Anal. Calcd for GHsCIAgOs: C, 31.13; H, 1.63. Found: C,
31.42; H, 1.46.) and orange prisms of [Ager)(ClQ),] (2) (Anal. Calcd
for CH12Cl,AQ20s: C, 36.01; H, 1.80. Found: C, 36.23; H, 1.62.)
Introduction were isolated.

Polycyclic hydrocarbons have been selected as potential donor0 Z%nga'zgatagoz%anﬂ ]?fel givznoin?’ gabcl)esld TgeggWStal'fdi;nenSions
molecules for preparing metal ieraromaticz-donor-acceptor A4 % .24 1.20 Mim 10T and L.5th 1,38 x 12,39 mm JorZ, was
. . o . : mounted in a glass capillary, and room temperature intensity data were
complexes with possible applications in electrical conductors

o . . - collected on a Rigaku AFC5R diffractometer with graphite monochro-
and photosensitive devicésThis choice probably resulted from 1,204 Mo Ko radiation in thew—26 scanning mode. Each structure

the overall planarity of these molecules and the extended \yas determined by a direct method (MITHR¥ and refined by full-
delocalizedr-system. In this respect silver{taromatic com- matrix least-squares minimization Biv(|Fo| — |Fc|)? with anisotropic
plexes of benzenggyclophané,indenet! acenaphthenenaph- thermal parameters for all of the non-hydrogen atoms. Hydrogen atoms
thalene® and anthracerehave been reported. However, the were located from difference electron density maps but excluded in
corresponding compounds of pyrene and perylene have not beerthe refinement. All of the calculations were performed using the
structurally defined. Since the first report on an unstable TEXSAN packag¥ on a micro VAX computer. The selected bond
conducting salt of perylene bromidehere have been several distances and angles are listed in Tables 2 and 31fand 2,
publications on molecular metals based on the segregated stackiEspectively.

of perylene or pyren& 1l The physical properties of these
solids are mainly due to the existence of the delocalized aromatic
conduction electrons. With their unique shape and size and a X-ray structure determination of the complg&xvith pyrene
large number of closely spaced molecular orbitals, pyrene andreveals that it exists in the solid state as an aromatic-linked
perylene are expected to produce new materials with the polymer of dimers lying approximately on tlaé plane as shown
mt-electron acceptor silver(l) ion having defined one-, two-, or in Figure 1a. Within the dimer, there are two independent Ag-
three-dimensional structurést? With this goal in mind we (1) ions coupled by one perchlorate oxygen bridging with a Ag-
conducted a comparative investigation on the structures and(1)-++Ag(2) separation of 4.39 A. Coordination about the silver
electronic properties of the silver(l) complexes of pyrene and atom may be described as distorted tetrahedral (taking+t@ C
perylene. The results of our study are reported herein. group as one ligand). Each metal center is coordinated to two
carbon-carbons bonds from two different pyrene molecules
(1) For a review of organometallic conducting and electronic materials, at 2.467(7) and 2.764(6) A for Ag(1) and 2.507(6) and 2.502-

see: Inorganic and Organometallic Polymers with Special Properties ; ithi i
Laine, R. M., Ed.; Kluwer Academic Publishers: The Netherlands, (6) A for Ag(2). These distances are within the limits from
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1992; pp 163-239. 2.47 t0 2.92 A in the reported silverfaromatic complexes:”

(2) Turner, R. W.; Amma, E. LJ. Am. Chem. Socl966 88, 3243. The next closest contacts between silver and carbon are 3.038-
Griffith, E. A. H.; Amma, E. L.J. Am. Chem. S0d 971, 93, 3167. i -
Strauss, S. H.; Noirot, M. D.; Anderson, O. Rorg. Chem 1985 fﬁ) and 32AZl(f) A for: 'IA%(]&) E)lnthg(Z), reSpecttlve'y' fFur
24, 4307. Barnes, J. C.; Blyth, C. Siorg. Chim. Actal985 98, 181. ermore, Ag(1) is chelated by two oxygen atoms of one

(3) Schmidbaur, H.; Bublak, W.; Huber, B.; Reber, G.:IMy G. Angew. perchlorate group, O(1) and O(3), at 2.618(7) and 2.576(5) A,
Chem., Int. Ed. Engl1986 25, 1089. Kang, H. C.; Hanson, A. W.;  respectively, whereas Ag(2) is bound to one oxygen of two

@ E%tc?gs’ililr; Eo?:kggﬁ#ifﬁ \g' ﬁmH (_:'r&%mn}:oéiggs Alngzclr?gg' soc  Separate perchlorates at distances of 2.562(6) and 2.553(7) A.

1972 94, 761. Each pyrene moiety exhibits tetr&-coordination, bridging
(5) Rodesiler, P. F.; Amma, E. llnorg. Chem 1972 11, 388. sequentially four metal centers and resulting in a polymeric
g% g:g:m E f\- : ﬁmmgv E H ':m- ‘é?]‘zm 22%99772 %% 75“‘1%-7 W-type sandwich of alternating aromatic and silver(l) perchlo-
(8) Akamatsu, H.; Inokuchi, H.; Matsunaga, Mature 1954 173 168. rate groups running along theaxis as shown in Figure 1b.

(9) (a) Gama, V.; Henriques, R. T.; Bonfait, G.; Aimeida, M.; Meetsma, The structure of the compleX with perylene consists of a

'2‘58‘6’3325”&2?#2”\/5;?S:nﬁgﬁgs‘]h"—f\még#;'t“- GSF’%g?ezir;lﬁ . two-dimensional framework of the metal ions on theplane
Waerenborgh, J. C.. Santos, I. C.: Duarte, M. T.; Cabral, J. M. p.; Dridged by the bidentate counterions and the tetrarene

Almeida, M. Inorg. Chem1992 31, 2598. (c) Gama, V.; Henriques,  groups as shown in Figure 2a. As Ih each silver(l) ion

R. T.; Almeida, M.; Veiros, L.; Calhorda, M. J.; Meetsma, A.; de  acquires its usual coordination number of 4 by forming bonds
Boer, J. L.Inorg. Chem 1993 32, 3705.

(10) (a) Schmitt, R. D.: Wing, R. M.. Maki, A. HI. Am. Chem. So2969 with the s orbitals of two aromatic entltle_s and two perchlorate
91, 4394. (b) Michel, P.; Moradpour, A.; Penven, P.; Firlej, L.; Bernier, 0Xygen atoms. The four AgC bond distances range from
a IZ’) IK/evly, B.;LREVy,CS-I:hZaJIabMN:] Arg- Ch(ejm”- %061992 r}12 %gi. 2.420(5) to 2.766(4) A. Each perchlorate ion links two adjacent
a) Veiros, L. F.; Calhorda, M. J.; Canadell, IBorg. Chem ; ; ;
33, 4290. (b) Battaglia, L. P.; Bellitto, C.; Cramarossa, M. R.; Vezzosi, silver atoms with Ag-O distances of 2.499(5) and 2.497(5) A’
I. M. Inorg. Chem 1996 35, 2390. (c) Keller, H. J.; Nihe, D.;
Pritzkow, H.; Wehe, D.; Werner, M.; Koch, P.; Schweitzer,Ndol. (13) MITHRIL, an integrated direct method computer program. Gilmore,
Cryst. Lig Cryst.198Q 62, 181. C. J.J. Appl. Crystallogr 1984 17, 42.
(12) Sato, Y.; Kinoshita, M.; Sano, M.; Akamatu, Bull. Chem. Soc. Jpn (14) TEXSAN-TEXRAY Structural Analysis Package. Molecular Structure
1969 42, 3051. Corp.: The Woodlands, TX, 1985.

S0020-1669(97)00636-8 CCC: $14.00 © 1997 American Chemical Society



4904 Inorganic Chemistry, Vol. 36, No. 21, 1997 Notes

Table 1. Crystallographic Data for [Agpyr)(CIOs),] (1) and (a)
[Ag2(per)(CIQy)7] (2)

1 2
formula QH5C|A904 C20H12CI2A9203
fw 308.45 666.95
space group P2;/m P2,/c
a A 7.888(1) 6.269(2)

b, A 13.002(2) 14.7130(9)
c A 8.3009(8) 10.611(1)
b, (deg) 102.375(9) 98.79(1)
Vv, A3 831.6(2) 967.3(3)

A 4 2

Pcale g CNTS 2.463 2.290

T,K 296 296

u(Mo Ka), cnTt 27.03 23.33

Re 0.052 0.038

R.° 0.072 0.053

2R= 3 |IFol — IFell/ZIFol. ® Ry = [YW(|Fo| — [Fe)¥3WFs] "2 where
W = 4FHoA(FeD).

Table 2. Selected Bond Distances (A) and Angles (deg) for
[Ag2(pyr)(CIO4),] (1)

Ag(1)-O(1) 2.618(7) Ag(1}-0(3) 2.576(5)
Ag(1)—C(2) 2.467(7) Ag(1yC(3) 2.764(6)
Ag(2)-0(3) 2.562(6) Ag(2)-0(6) 2.553(7)
Ag(2)—C(6) 2.507(6) Ag(2)-C(7) 2.502(6)

O(1)-Ag(1)-0(3)  532(2) O(YAg(1)-C(2) 117.2(1)
O(3)-Ag(1)-C(2) 105.5(1) C(2¥Ag(1)-C(2) 125.7(3)
O(1)-Ag(1)-C(3) 122.0(1) O(3}Ag(1)-C(3)  86.2(1)
C(2-Ag(1)-C(3) 112.1(2) C(3YAg(1)-C(3)  88.7(3)
O(3-Ag(2)-0(6) 127.02) O(3}Ag(2)-C(6)  91.4(1)
O(3)-Ag(2)-C(7) 103.9(1) O(BYAg(2)-C(6)  117.5(1)
0O(6)-Ag(2)-C(7)  87.4(1) C(6YAg(2)-C(6) 106.9(3)
C(6)-Ag(2)-C(7) 133.8(2)

Table 3. Selected Bond Distances (A) and Angles (deg) for
[Ag2(per)(CIQy)2] (2)

Ag—0(2) 2.499(5) Ag-O(4) 2.497(5)

Ag—C(1) 2.420(5) Ag-C(6) 2.766(4)

Ag—C(9) 2.426(5) Ag-C(10) 2.718(5)
0O(2)-Ag—0(4) 74.3(2) O(2rAg—C(1) 114.6(2) ) )
0(2)-Ag—C(6) 103.6(1) O(2rAg—C(9) 106.3(2) Figure 1. (a) Partial molecular structure of [A@yr)(ClOs)2] and (b)
0O(2)-Ag—C(10) 133.5(1) O(4YAg—C(1) 109.9(2) side view showing the W-type sandwich arrangement of the aromatic
0O(4)-Ag—C(6) 136.2(1) O(4rAg—C(9) 110.6(2) and silver(l) perchlorate groups (50% probability ellipsoids).
O(4)-Ag—C(10) 101.7(2) C(LyAg—C(9) 128.3(2)
C(1)-Ag—C(10) ~ 1102(1)  C(6yAg—C(9)  111.8(1) rather than a linkage, in the water and AgGlimst lattice®”

C(6)-Ag=C(10)  109.2(1) In the pyrene-coordinated complex [(Os(ByE2(u-Pyr)](Os-

SCR),4 the aromatic shows the capacity of a ligand in a8i-
fashion to link two Os(NH)s2" cations!® while in 2BiCly-pyrl”

nd (per)[BisBri7] 1P both pyrene and perylene exhibit a very
eak#® interaction with bismuth halides.

At room temperature no strong ESR spectrum was observed
for either complex. However, the fine crystals of complekes
(pale yellow) and2 (orange) turned black on the surface upon
irradiation for 2 days using a 400 W mercury lamp (the interior
of the crystals remains the initial color probably because of
insufficient irradiation time). The irradiated pyrene complex
exhibits an ESR signal witg = 2.003 as shown in Figure 3a.

coordination, linking four metal atoms and forming W-type . . !
sandwich polymeric chain and sheets, which, to the best of ourThe same Spe‘?”?’m was obtained with the perylene (Flgurg 3b).
The characteristig value of 2.003 for both organometallic

knowledge, has never been characterized in aromatic Coord'na'complexes may be attributable to the aromatic hydrocarbon

tion chemistry. Whereas benzene and other aromatics form the . ™ "¢ . ;

most widely studied section ofi’-ligand transition metal radicals® Pyrene has a reduction potential-e2.078 V [V vs
i 15,1 .2 3_ i i

chemistry? 1=, %, 01 coordinated arene sHver_compIexes (16) Hasegawa, T.: Sekine, M. Schaefer, W. P.; Taubdntg. Chem

are reported in cyclophane, acenaphthene, and inténén 1991, 30, 449.

the previously reported naphthalene and anthracene complexegl7) Vezzosi, I. M.; Zanoli, A. F.; Battaglia, L. P.; Corradi, A. B.Chem.

with silver perchlorate, although each aromatic is found to be as) ?50561'?/?‘6'20”ATFG@"}5&2%% clr?;ﬁ . Qrganometallics1991, 10, 329

associated with four silver atoms, it serves essentially as a guest, (b) Courtneidge, J. L. Davies, A. G\cc. Chem. Re€.987, 20, 90.

(c) Davies, A. G.; Shields, Cl. Chem. Soc., Perkin Tran2 1989

(15) Silverthorn, W. A.Adv. Organomet. Chenl975 13, 47. 1001.

resulting in a two-dimensional W-type sandwich sheet of
alternating perylene and silver(l) perchlorate groups. Such 2-D
sheets are further connected by the superposed intershee
aromaticz—x stackings at an average distance of 3.31 A as
illustrated on thab plane in Figure 2b, which generates a three-
dimensional network structure.

Perhaps the most significant structure feature of the two
silver(l)—aromatic complexes is that both pyrene and perylene,
owing to the unique aromatic shape and highly conjugated
molecular orbitals, display an unusual symmetric tefta-
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Figure 3. ESR spectra of (a) [Adpyr)(ClOs),] and (b) [Ag(per)-
(ClO4)7] upon irradiation and with,ldoping.

conductivity observed here is presumed to connect mainly with
the nonintegral formal oxidation state of the crystallized organic
radicals.

In conclusion, we have described the first crystallographically
characterized silver(l) complexes of pyrene and perylene, which,
in addition to providing an unusual tetr&-coordination and
the resultant one- and three-dimensional network structures in
organometallic chemistry, display typical radical cation ESR
spectra and become conducting upon iodination. These con-
ducting radical cation complexes might constitute new functional
materials among low-dimensional molecular solids similar to
Figure 2. (a) Portion of an infinite 2-D sheet framework in [&per)- polymetallocenes and multidecker metallacarborari@s.

ClO4),]. (b) Overlapping of intersheet perylene molecules at a distance 2 inati e i i

(()f S.gi]ﬁ(\ r)esultingpi% ag 3-D network ?5032) probability ellipsoids). 1 ng_aéiozfoﬁ 23;?:;] ;ﬁgoéd_l?;t:glige (t;c;nAd) d;;agﬁiftg;
than those of free Pyr (1.395 and 1.367 A), respectively.

d Theoretical study on the bond shortening is underway.

a saturated calomel electrode (SCE)hich suggests that it
can be oxidized to the cation radical along with the light-induce
reduction of the silver(l) ionE°(Ag*/Ag®) = +0.799 V]. We . .
therefore propose that, upon irradiationloénd 2 with light, Ackrllowlledgmenp This work was partially supported by a
electron transfer partially takes place from the aromatic donor Grant in Aid for Science Research No. 0845214 to M.M. and
to the silver(l) ion, giving organic radical cation and silver(0). & Grantin Aid for Priority Area No. 08231267 to M.M. from
However, no ESR signal of silver(0) was observed because ofthe Ministry of Education, Science, Sport and Culture in Japan.
its low intensity_ In addition, thez.ldoped Samples df and?2 The authors are also gl’atefu| to Kinki University for financial
also turned black and exhibited even stronger ESR spectra ofsupport (No. 9626).

cation radicals, Figure 3. This suggests that both Per and Pyr

can be more effectively oxidized by iodine doping than light ~ Supporting Information Available: Tables of atomic coordinates
irradiation. and thermal parameters and intramolecular bond lengths and angles

for 1 and2 (14 pages). Ordering information is given on any current

The electrical conductivity measurements of compacted
masthead page.

pellets were measured by the conventional two-probe technique.
Both compounds are electrically nonconducting, whereas their
I,-doped complexes display semiconducting behavior at ambient
temperature withosgg values of 1.7x 107° and 4.4x 1075 S 1C9706360
cm~1 for the pyrene and perylene, respectively. The electrical

(20) Cowan, D. O.; Park, J.; Pittman, C. U.; Sasaki, Y.; Mukherjee, T;
(19) Kubota, T.; Kano, K.; Uno, B.; Konse, Bull. Chem. Soc. Jpri987, Diamond, N. AJ. Am. Chem. S0d972 94, 5110. Wang, X.; Sabat,
60, 3865. M.; Grimes, R. N.J. Am. Chem. Sod995 117, 12218 and 12227.




