Gold(l) n>-Arene Complexes
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The reaction of 9-{ [N-n-propyl-N-(diphenylphosphino)amino]methyl} -
anthracene (1) with Au(SMe,)Cl yields complex 2 with an arm-
opening configuration. The latter is treated with AgClO, to form
complex 4 and then respectively reacted with acetonitrile, pyridine,
and triphenylphosphine sulfide to afford novel gold(l) #?-arene
complexes 3a—c, which have arm-closing configurations and feeble
or weak fluorescence emissions. The observation can be attributed
to charge transfer from the anthracene unit to the Au* ion. When
the solution of 3a or 4 in CH,Cl, was added with 1 equiv of PhsP,
complex 5 with the arm-opening configuration was formed and
strong emission was restored.

As far as the group 11 metahrene x complex is
concerned, there are numerog&bonding complexes be-
tween Ag' and the aromatic compouhdnd a few of the
Cu' analogues;surprisingly, no gold(¥) n?-arene complex
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The molecular structures of complex2sand3a—c have
been determined by X-ray diffraction analy$fsAs shown
in Figure 1, the linear two-coordinated Au unit CIK1)
Au(1)—P(1) (178.37) is perpendicular to the anthracene ring
in 2 (an arm-opening configuration). When the CI atom is

is reported. In 2003, we presented a new molecular designsubstituted by a CkCN, pyridine, or PBP=S molecule in

and gave the first gold(l) arene compfewhich is formed
by the reaction of chelated diphosphine ligand 9,1@{iNs

n-propyl-N-(diphenyphosphino)amino]methgnthracene with
the Aut ion and adopts #°®-coordination mode.

Herein we report some novel gold}f-arene complexes,
their substitution reaction, and molecular responsive fluo-
rescence spectral variation. In the first place, as shown in
Scheme 1, 9{N-n-propyl-N-(diphenylphosphino)amino]-
methy} anthracenel) was prepared by the reaction of N(
propylamino)methyl)]anthracene with f#CIl. Then, the
reaction ofl with a stoichiometric amount of Au(SMkCI
gave complex2, which converted to complexe3a—c by
treatment with AgCIQ and reaction with acetonitrile, pyri-
dine, and triphenylphosphine sulfide, respectively.
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nankai.edu.cn (Z.-Z.Z.).
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elimination and coordination reactions, similar linear two-
coordinated Au units P(H)Au(1)—N(2) (179.59; 3a), P(1)-
Au(1)—N(2) (177.07; 3b), and P(1)}Au(1)—S(1) (172.0;
30) fold toward the anthracene planes (arm-closing configu-
rations) (Figures 2 and 3 and the Supporting Information).
The angles Au(1yP(1)}-N(1) are 111.06(3a), 112.54 (3b),

(4) Crystal data foR2: CgzoH2sAUCINP, M = 665.92, monoclinic, space
groupP2(1)lc, a = 9.595(3) A,b = 16.081(5) A,c = 17.189(5) A,
a =90, f=92575(5), y = 90°, V= 2649.4(14) R, 2= 4,D. =
1.669 g cmi®, F(000) = 1304,u(Mo Ka) = 5.733 cntt, T = 293(2)
K, 5415 variables refined with 15 061 reflections witkr 20(1) to
R = 0.0511.

Crystal data foBa: C32H3z1AUCIN2O4P, M = 770.97, triclinic, space
groupP1, a = 9.419(3) A,b = 12.900(4) A,c = 13.893(4) Ao =
110.198(4), B = 104.902(5), y = 95.536(4}, V = 1498.8(7) A,
Z=2,D.=1.708 g cm?, F(000)= 760,u(Mo Ka) = 5.090 cn1?,

T = 293(2) K, 6964 variables refined with 9710 reflections with
20(l) to R = 0.0415. Crystal data foBb: CzsHzzAUCIN,O4P, M =
809.02, orthorhombic, space groBpa2(1),a = 10.2098(10) Ap =
23.903(2) A,c = 13.1372(13) A,a = 90°, B = 9C°, y = 90",
V = 3206.1(5) B, Z = 4, D. = 1.676 g cm?3, F(000) = 1600,
u(Mo Ka) = 4.763 cnl, T = 293(2) K, 7598 variables refined with
20 644 reflections with > 20(l) to R = 0.0317. Crystal data fac:
CagHasAUCINO4P,S, M = 1024.25, monoclinic, space gro@g(1)fc,
a=13.248(3) Ab = 16.329(3) A,c = 20.240(4) A0 = 90°, f =
90.25(3), y = 90°, V = 4378.7(15) R, Z = 4, D, = 1.554 g cm3,
F(000) = 2048, u(Mo Ka) = 3.586 cn1?, T = 293(2) K, 7652
variables refined with 20 309 reflections withr 20(1) to R=0.1154.
Diffractometer: Bruker Smart 1000 CCD diffractometer employing
graphite-monochromatized ModKradiation ¢ = 0.710 73 A).
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Figure 1. ORTEP drawing fo with 30% probability ellipsoids. Selected
bond distances (A) and angles (deg): Au{P(1) 2.234, Au(1)}Cl(1)

2.286; Cl(1y-Au(1)-P(1) 178.37, Au(TyP(1)-N(1) 112.96. Figure 4. Fluorescence emission spectiay(= 370 nm) of ligandl and

e complexe=2, 3a—c, and4 in CH,Cly.

cnm

A anthracene units. Another feature of compdaxs thexr—x
interaction between the coordinated acetonitrile and the
anthracene unit. The Au(zN(2)—C(31) angle (169.3 has

a deviation from linearity and indicates the presence of a
secondary interaction with the anthracene unit. The #:(2)
C(31) bond in CHCN and the C(24)C(25) bond in the
anthracene ring adopt a cross-configuration, and the distance
between the middle points of the two bonds (3.29 A) is
relatively short and comparable with the—x stacking
distance in graphite. The distances of Nf2)(24), N(2)—-
C(25), C(31)-C(24), and C(31yC(25) fall in the range of
3.349-3.499 A. The Au(1)>N(2) distance (2.043 A) is

Figure 2. ORTEP drawing foBawith 30% probability ellipsoids. Selected
bond distances (A) and angles (deg). AU(TYL7) 2.956, Au(LyC(30) longer than that of the only reported AtNCCH; complex

3.097; P(1-Au(1)~N(2) 179.59, Au(1)} P(1)-N(1) 111.06, Au(1}N(2)— [AU(NCCHg);][SbFe] (1.97 A)® Whereas there is no the
C(31) 169.5. overlapping part between the coordinated pyridine and the
anthracene unit in space 3 and the dihedral angle is 4.56
the w—z interaction does not exist.

By treatment with AgCIQin CH.Cl,, 2 can convert tct,
which has much less fluorescence emission (vide infra) and
probably has a strongef—s-coordination action between
the Au" ion and the anthracene unit in comparison v@igh-

c. Complex4 is very sensitive to light and air, cannot be
separated out, and has been confirmedHbyand3P NMR
spectra3a—c have unequivocally been proven to be gold-
() n?>-arene complexes.

Now, the question is, why are there different configurations
among 2 and 3a—c, all of which include a linear two-
coordinated At unit? Compared with the neutral complex

ci2 2, the electron densities on the gold atoms are less than those
Figure 3. ORTEP drawing foBb with 30% probability ellipsoids. Selected ; _ i ;
bond distances (&) and angles (deg): AwT(2) 3.02, Au(1)-C(3) 3.163; 'r:c Comp:exega G WTICTw are “nfavorablfl’_:fr the donfat'.on
P(L-Au(1)-N(2) 177.07, Au(Ly-P(1)-N(1) 112.54. of a szt electron toward the arene units. IS point of view

. conflicts with the widely accepted Dewe€hatt-Duncanson
and 114.4 (3c), which are comparable to that of our gold- model? which predictsi-bonding of silver(l) to a pair of

6. .
(1) 7">arene complex (117.43 In the latter, the existence aromatic carbon atoms by itsback-donation in the silver-

of th_e three-center bond_ has been supported by OlenSIty(1+) arene complexes. According to the Mulliken assump-
functional theory calculatiod.

. tion?® the & interaction of arene with gold(l) should be
The distances of Au(H)C(17) and Au(1)-C(30) (2.958 :
and 3.097 A) in3a, Au(1)~C(2) and Au(1}-C(3) (3.020 dominated by charge transfer from arene to the Aan.

and 3.163 A) in3b, and Au(1)-C(2) and Au(1)-C(15) (6) Willner, H.; Schaebs, J.; Hwang, G.; Mistry, F.; Jones, R.; Trotter, J.;

(3.077 and 3.119 A) irBc are comparable with those of C - (Au)bID<e, F.J. Am Chem Soc 1992 %1412212;8895% (b) Chat, J
H a ewar, M. J. SBull. Soc m kr. 2 . att, J.;

arene-Au’ (3.118-3.246 A) in our gold(l);5-arene complex Duncanson. L. AJ. Chemn Soc 1953 2939,

and exhibit axn?*binding mode between the Auand (8) Mulliken, R. S.J. Am Chem Soc 1952 74, 811.
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Figure 5. Fluorescence emission spectta & 370 nm) of4 (was prepared
in situ by reacting? with AgCIO,4 in CH,Cl) and5 (4 + Ly) in CH.Cly:
(@) 4 (1 x 10°M) (17); (b)4 (1 x 1075 M) + PPh (1 equiv) (243). The
digit in parentheses represents the fluorescence relative intensity.

Fluorescence spectra of the free ligahdnd complexes

2, 3a—c, and4 are given in Figure 4. While the free ligand
1in CH,ClI, exhibits a strong emission centered at 415 nm,
complex 2 gives an increased emission, which may be
attributed to inhibition of the photoinduced electron transfer
effect owing to the P atom donation to the Au atom. The
emissions oBa—c and4 are weak and feeble owing to the
formation of a charge-transfer complex between the an-
thracene unit and the Auion. When a solution oft or 3a

(1 x 10°°M) in CH.Cl, is added with an equivalent amount
of Lo(PhsP), the fluorescence intensity significantly increases
(Figure 5 and the Supporting Information). The above-

1890 Inorganic Chemistry, Vol. 45, No. 5, 2006

mentioned processes indicate tatvith the arm-opening
configuration can be formed froBa or 4 through the ligand
substitution or binding reaction. The compl&xhas been
confirmed by'H, 13C, and3'P NMR spectra and elemental
analysis. In thé3C NMR spectrum, the C(9) resonance of
the anthracence unit is at 134 ppm5rwhereas it is at 133
ppm in 3a, and the upfield shift indicates that there is a
secondary interaction between the anthracene unit and the
coordinated acetonitrile owing to the arm-closing configu-
ration.

In summary,3a—c are the first reported gold(k)?-arene
complexes. We consider that the formation of these com-
plexes is decided by the following factors: (1) the cationic
state of the Au complex is the prerequisite; (2) because of
the weak bonding of gold(k)?-arene, preserving or breaking
the bond to a great extent depends on the steric factor of the
incoming ligand in the substitution or binding reaction.

We predict that new gold(lyy>-arene complexes can be
prepared by the reaction dda or 4 with P, N, or S
compounds with end-group linear (like NCggiind SPP¥)
or aromatic planar (like pyridine) structures on the coordi-
nated atoms.
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