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Abstract

The reaction of 5,6,11,12-tetradehydrodibenzo[a,e]cyclooctene with silver(I)triflate yielded a 1:2 complex. X-ray investigations
revealed that each silver ion is tetrahedrally coordinated to one triple bond and three oxygen atoms of the triflate anion.
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1. Introduction

Examples of interactions of silver ions with olefinic n-
systems are legion [1]. Much less data were available until
1980 for alkyne-silver(I) interactions [2]. Only very recently
a number of studies broadened our knowledge of silver—
alkyne complexes by applying '*C NMR spectroscopy,
IR- and Raman spectroscopy as well as X-ray investiga-
tions on single crystals [3-8]. The spectroscopic investiga-
tions indicated weak interactions between the metal and
the triple bonds as evidenced by small high field shifts of
the >*C NMR data (Ad = 1-7 ppm) and a lowering of the
stretching frequency of the triple bond by about 50—
60 cm ™.

In connection with our recent studies on silver triflates
of cyclic and bicyclic diynes such as 1,6-cyclodecadiyne
[4], 1,8-diazabicyclo[6,6,6]eicosa-4,11,17-triyne [7] and var-
ious 1,8-bridged 1,8-diazabicyclododeca-4,11-diynes [8] as
well as investigations by Schulte and Behrens on seven
membered cycloheptynes [6] we were interested to test
the reaction of a highly strained diyne, 5,6,11,12-tetra-
dehydrodibenzo[a,e]cyclooctene (1), with silver(I)triflate.

The diyne (1) was prepared according to Otera et al. [9]
stirring a solution of 1 and silver(I) triflate in dry degassed
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tetrahydrofuran over a short period yielded a pale yellow
powder (Scheme 1).

The analytical data show that a complex between 1 and
2 equiv. of silver(I) triflate was formed (Scheme 1). The '*C
NMR data revealed a small shift of the sp centers of 2
(0 =104.5 ppm) as compared to 1 (6 =109.5 ppm). The
Raman frequency of the triple bonds changed from
2152 cm ™! (1) to 2057 ecm ™! (2).

Single crystals of 2 could be obtained by recrystalliza-
tion from acetone. In Table 1 we compare the most rele-
vant bond lengths and bond angles of 2 with those of 1.

In Fig. 1 we show the molecular unit of 2 and its ensem-
ble in the solid state.

The comparison between 1 and 2 (Table 1) reveals a
slight elongation of the triple bonds in the complex. The
bond angles C(sp)-C(sp)-C(sp?) in 2 decrease slightly. This
indicates a weak complexation as reported in other cases
[4-8]. The measured distance between the silver ion and
the center of the triple bond (2.159(3) A) is close to those
distances reported for strained cyclic monoynes (2.10-
220 A) [6] and shorter than for nonstrained systems
(2.30-2.70 A) [3-5,7,8]. A lowering of the stretching vibra-
tion of the triple bond in 2 as compared to 1 is also another
evidence for this interpretation.

In the solid state the silver(I) ions are coordinated tet-
rahedrally by three oxygen atoms and one triple bond
[11]. Each trifluoromethanesulfonate anion coordinates
three silver(I) ions with its three oxygen atoms. The silver
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Scheme 1.

Table 1
Comparison between the most relevant bond distances (A) and bond
angles (°) of 1 and 2

1[10] 2
C(sp)-C(sp) 1.202(2) 1.224(4)
C(sp)-C(sp?) 1.445(2) 1.441(4)
Ag-* 2.159(3)
Ag-O 2.307(2)
C(sp)-C(sp)-C(sp?) 155.77(17) 155.6(3)
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Fig. 1. (a) X-ray crystal structure of 2 (ORTEP-plot). The hydrogen
atoms are omitted for the sake of clarity. (b) Section of the solid state
structure of 2 (ORTEP-plot). The hydrogen atoms are omitted for the
sake of clarity.

coordination results in one dimensional polymeric chains
which are linked in c-direction to a two dimensional
structure via the two triple bonds of the diynes.

2. Experimental

The reaction was carried out under argon in predried
glassware using Schlenk techniques. THF was distilled over
sodium and was transferred under argon. 5,6,11,12-Tetra-
dehydrodibenzo[a,e]cyclooctene (1) was synthesized in four
steps as published by Otera et al. [9]. Silver(I)trifluorome-
thanesulfonate was purchased from Acros. 'H and *C
NMR: Bruker Avance 500 ('H at 500 MHz and '*C

at 125.77 MHz) using the solvent as internal standard.
IR: Bruker Vector 22 FT-IR. UV: Hewlett-Packard
HP 8452A. The clemental analysis was carried out by
the Mikroanalytisches Laboratorium der Universitit
Heidelberg.

2.1. Preparation of 2

A 25-mL Schlenk flask was charged under argon with 1
(50 mg, 0.25mmol) and degassed THF (15mL). Sil-
ver(D)trifluoromethanesulfonate (65 mg, 0.25 mmol) was
then added. While the mixture was stirred at room temper-
ature under exclusion of light for 1 h, a pale yellow precip-
itate was slowly formed. The solvent was removed
by filtration, the residue was washed three times with
petrolether 30/40 and dried under vacuum yielding 79 mg
of a pale yellow solid (44%) m.p. 248 °C (decomp.). 'H
NMR (500 MHz, acetone-dg): 6 =6.95-7.02 (m, 4H,
Harom), 7.15-7.21 (m, 4H, Hyom); °C NMR (125 MHz,
acetone-dg): 6 =104.5 (Cukyne), 128.5 (Cyrom), 129.5
(Carom)> 130.8 (Curom); IR (KBr): vpax = 3450, 3058,
2148, 1687, 1621, 1445, 1262, 1176, 1036 cm™'; Raman:
Vmax = 2057, 1595cm™!'; UV-Vis (ethanol): Ap.x =226
(loge 3.97), 244 (loge 3.87), 256 (loge 4.37), 264 (loge
4.37), 270 (loge 4.77) nm. Anal. Calc. for C,;gHgAg,-
FsO06S,: C, 30.28; H, 1.13; S, 8.98. Found: C, 30.74; H,
1.40; S, 9.09%.

Acknowledgements

We thank the Deutsche Forschungsgemeinschaft, the
Fonds der Chemischen Industrie, and the Heidelberg Uni-
versity for financial support. B.H. is grateful to A. Weller
for the Raman measurements.

References

[1] (a) H.W. Quinn, J.H. Tsai, Adv. Inorg. Radiochem. 12 (1969) 217-
373;
(b) C.D.M. Beverwijk, G.J.M. van der Kerk, A.J. Leusink, J.G.
Noltes, Organomet. Chem. Rev. A. 5 (1970) 215-280;
(c) M. Herberhold, Metal n-Complexes, Elsevier, Amsterdam, 1972.

[2] G. Lewandos, D.K. Gregston, F.R. Nelson, J. Organomet. Chem.
118 (1976) 363-374.

[3] (a) J.D. Ferrara, A. Djebli, C. Tessier-Youngs, W.J. Youngs, J. Am.
Chem. Soc. 110 (1988) 647-649;
(b) M. Iyoda, T. Horino, F. Takahashi, M. Hasegawa, M. Yoshida,
Y. Kuwatani, Tetrahedron Lett. 42 (2001) 6883-6886.

[4] R. Gleiter, M. Karcher, D. Kratz, M.L. Ziegler, B. Nuber, Chem.
Ber. 123 (1990) 1461-1468.

[5] K.-M. Chi, C.-T. Lin, S.-M. Peng, G.-H. Lee, Organometallics 15
(1996) 2660-2663.

[6] P. Schulte, U. Behrens, J. Organomet. Chem. 563 (1998) 235-249.



1816 B. Hellbach et al. | Journal of Organometallic Chemistry 691 (2006) 18141816

[7] A. Kunze, R. Gleiter, F. Rominger, Chem. Commun. (1999) 171-
172.

[8] (a) A. Kunze, R. Gleiter, F. Rominger, Eur. J. Inorg. Chem. (2006)
621-627,
(b) R. Koschabek, F. Rominger, R. Gleiter, Eur. J. Inorg. Chem.
(2006) 609-620.

[9] A. Orita, D. Hasegawa, T. Nakano, J. Otera, Chem. Eur. J. 8 (2002)
2000-2004.

[10] (a) R. Destro, T. Pilati, M. Simonetta, Acta. Crystallogr., Sect. B 33
(1977) 447;

(b) B. Hellbach, R. Gleiter, F. Rominger, unpublished results.

[11] Crystal Structure of 2: dimensions 0.32x0.12x 0.02 mm®, crystal
system triclinic, space group Pl, Z=1, a=5.1176(2) A b=
10.7009(5) A, ¢=10.8881(4) A, o=62.922(1)°, p=86.174(1)°,
7 =87.051(1)°, V'=>529.57(4) A%, p=2239gem > T=2002)K,
Omax = 27.48°, radiation Mo Ka, 4 =0.71073 A, 0.3° omega-scans
with CCD area detector, covering a whole sphere in reciprocal space;
5497 reflections measured, 2409 unique (R;, = 0.0298), 2068 observed

(1> 20(1)); intensities were corrected for Lorentz and polarization
effects; an empirical absorption correction was applied using SADABS
[12] based on the Laue symmetry of the reciprocal space,
u=2.13mm""; structure solved by direct methods and refined
against F* with a full-matrix least-squares algorithm using the SHEL-
XTL-PLUS (5.10) software package [13]; 154 parameters refined,
hydrogen atoms were treated using appropriate riding models,
goodness of fit 1.06 for observed reflections, final residual values
Ry(F)=0.026, wR (F?)=0.060 for observed reflections, residual
electron density —0.51 to 0.93e A3, CCDC 284626 contains the
supplementary crystallographic data for this structure. These data can
be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrie-
vin.html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).

[12] G.M. Sheldrick, Bruker Analytical X-ray-Division, Madison, WI,
2001.

[13] G.M. Sheldrick, Bruker Analytical X-ray-Division, Madison, WI,
1997.


http://www.ccdc.cam.ac.uk/conts/retrieving.html
http://www.ccdc.cam.ac.uk/conts/retrieving.html

	Silver(I) complex of 5,6,11,12-tetradehydrodibenzo[a,e]cyclooctene
	Introduction
	Experimental
	Preparation of 2

	Acknowledgements
	References


