
283 

Journal ofOrganometailic Chemistry, 192 (1980) 283-291 
@ Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

CRYSTAL STRUCTURE AT -35°C OF (2,6-DIMETHOXYPHENYL)- 
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The crystal structure of (2,6-dimethoxyphenyl)(triphenylphosphine)gold(I) 
has been determined by single crystal X-ray diffraction techniques using three- 
dimensional data gathered at -35°C by counter methods. Colorless crystals 
form as thin plates in the monoclinic space group P2,/n, with a 13.040(2), b 
19.268(3), c 9.0153(8) A-, p96.98(1)“. A measured density (19°C) of 1.73 g 
cme3 agrees +h the calculated value (-35°C) of 1.769(l) g cme3, assuming 
four molecules of (CJ13(OCH3),)Au(P(C,H,),) per unit cell. Full-matrix least- 
squares refinement. of the structure has converged with a conventional E index 
(on IFI) of 0.030 using the 5052 symmetry-independent reflections with 4 < 
26 < 60” which have 1, > 20&). The molecule consists of a Au’ ion bonded 
to the P atom of a triphenylphosphine ligand and to the C( 1) atom of a 2,6- 
dimethoxyphenyl group. The P-Au-C(l) angle of 172.7(l)” is significantly 
different from linearity, probably as a result of a weak bo_nding interaction 
between Au and one of the two methoxy oxygen atoms (Au. . . . . 0 = 2.961(4) 
and 3.231(4) A). 

Introduction 

Although Au’ forms complexes of various coordination numbers, it appar- 
ently has a preference for two-coordinate linear geometry, a tendency which 
persists even for higher coordination numbers. Hence, trigonal planar and tetra- 
hedral complexes such as [Au(PPh,),]*, AuCl(PPh,), and [Au(PMe3)4]+ are 
known, but these complexes are also known to lose phosphine ligands readily 
to form the more stable (linear) two-coordinate species [ 11. In contrast, the 
other Group IB metal ions of oxidation state I, Cur and Ag’, prefer higher coor- 
dination numbers and more regular molecular geometries. This is exemplified 

* Authortowhom correspondence shouldbe addressed. 
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by the study [ 21 of the three-coordinate complexes MCl(PP), where M = Cur, 
Ag’ or Au’ and (PP) = 2,11-bis(diphenylphosphinomethyl)benzo[c]phenan- 
threne, a rather rigid bide&ate ligand. The P-M-P angle is 132” when M = 
Cu’, 141” when M = Ag’ and 176” when M = Au’, clearly an illustration of the 
preference of Au’ for linear coordination. In addition, conductivity studies of 
these complexes in polar solvents 123 indicate that the Au’ complex has the 
greatest tendency to release Cl- to achieve two-coordination. Explanations for 
these differences -m behavior among Group IB metals of oxidation state I (e.g., 
electrostatic effects and energy separations of the metal bonding orbit&) are 
offered elsewhere [ l] . 

The complex (2,6-dimethoxyphenyl)(triphenylphosphine)gold(I), prepared 
by van Koten and Noltes [ 33, provides an opportunity to examine the molecular 
structure of a Au’ complex in which the Au ion is bonded to an aryl carbon 
atom (of which few structural studies have been reported) which is ortho to 
two potential donor oxygen-containing substituents; thus, Au’ has the opportu- 
nity through the proximity of donor oxygen atoms to be three-coordinate. 
Reported herein are the results of the crystal structure analysis of this complex. 

Experimental section 

Single crystals of (CsHs(0Me),)Au(PPh3) (Me = CHs, Ph = C,H,) form as thin, 
colorless hexagonal-like plates by evaporation at room temperature of a cyclo- 
hexane solution. Based upon Weissenberg photography and preliminary X-ray 
diffraction experiments with a Syntex P21 autodiffractometer, the crystals 
were found to have the symmetry and systematic reflection absences of mono- 
clinic space group P2 Jn. Intensity data collection details are given in Table 1. 
Standard deviations were assigned to the data (with p = 0.02) and the usual 
corrections applied, including that for absorption (see Table l), as described 
elsewhere [ 41. 

The structure was solved by standard heavy-atom methods and refined by 
full-matrix least-squares techniques. A listing of computer programs used in 
this work is available *. The function minimized in refinement is zlw( IF, I - 
IF, I)*, where the weight w is (T( IF, I)-*, the reciprocal square of the standard 
deviation of each observation, IF, !. Neutral atom scattering factors for Au, P, 0, 
C [ 53 and H [6] were used in these calculations, and the real (Af’) and imagi- 
nary (Af”) corrections for anomalous scattering of MO-K, radiation were 
applied to the Au and P scattering functions [ 5]_ 

Least-squares convergence was attained, using only those 5052 reflections 
with I, > 20(&,), for a model in which phenyl rings of the PPh, ligand were 
treated as planar rigid groups **, all other nonhydrogen atoms as anisotropic 
ellipsoids and the remaining hydrogen atoms as isotropic atoms, with R = 
Iz I IFe I - IF, II/c: IF, I = 0.030, R, = [Cur( IF, I - IF, I)*& IF, I’] I’* = 0.033, 
and a standard deviation of an observation of unit weight = [ZZw( I IF, I - IF, II)*/ 
(m -s)] “* = 1.79 for m = 5052 observations and s = 157 variables. The methyl 

* Alistingofcomputer progzams uredinthisworkisgiveninref.4. 
** Thephenyl~gsofthePPh3ligandwereconstraiaedasfo~ows:11atomsl~ouP.C--C= 1.392& 

C-H=l.OO ~.C-C-C=120° andBf&Hi)= <Bj&Ci) + l.O)i'%*- 
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TABLE 1 

CRYSTALLOGRAPHIC SUMMARY 

Crystal Data at -35OC = 
a 13.040 (2) A 
b 19.268 (3) A 

; 
9.0163 (8) A 

96.98 w” 
V 2248 (1) A3 
D, (fIotation. 1.73 ‘(1) 

aqueous ZrlCl~ ) 

DC 1.769 (1) g cm-3 

Data CoIlection at -35OC = 

Radiation (MO-&) (A) 
Mode 

Scan range 
Background 
Scan rate (deg min-I) 
Check reflections 

20 range 
Total renections measd 
Data crystal dimensions (mm) 
Dzta crystal volume (mm3) 
Data crystal faces 

Absorption coeff. p(Mo-K,) (cm-‘) 
Transmission factor range 

Empirical formula C26H24AuCzP 
Formula wt. 
Crystal system 
Systematic absences 

Space group 

Z 
F(000). electrons 

596.42 
monoclinic 
OkO.k=2n+l 
hOZ.h+Z=2n+l 
~2~ I,, b 

4 
1164 

0.71069 
o scan. recentered automatically after each batch of 

1000 reflections 
Symmetrical over l-O0 about I&l,2 maximum 
Offset 1.0 and -l.O” in w from K&1.2 maximum 
Variable. 1.54.0 
4 remeasured after every 96 reflections: analysis d of 
these data indicated overall decreases in intensity of 

ca. 2% during the 138 h of data collection for which 
the appropriate correction was applied. 
4.0-60.0° 
6547 
0.11 X 0.22 X 0.58 
0.0160 
(o_l_o). coio). ~00. (loi). (110). ciio). cllo). 
(110) 
68.63 
0.24-0.50 

= unit ceu p- eters were obtained by least-squares refinement of the setting angles of 49 reflections 

with 17.0 < 20 < 27.7’. b A nonstandard setting of space group P21 Ic (no. 14) with equivalent Positions 
1 1 ;_ 

~.Y,~;--r.-Y,7;q -X.5 +u,z r; f + x. 4 - y. T$ + z. c Syntex P2l.autodiffractometer equipped 
with a graphite monochromator and a Syntex LT-1 inert gas low temperature delivery system. d Ref. 17. 

hydrogen atoms were satisfactorily located from a difference electron density 
map and then, based upon these positions, were placed at idealized posi- 
tions * with C-H bond lengths of 0.95 si [7] for the final cycles of refine- 
ment. Inspection of the data at the conclusion of refinement showed no evi- 
dence of secondary extinction. A structure factor calculation with all 6547 
reflections measured during data collection gave R and R, indices of 0.047 and 
0.034, respectively. In the final cycle of refinement, all shifts in parameters 
were less than 0.5 of a corresponding estimated standard deviation (e.s.d.). The 
largest peaks in a final difference map were less than 0.4 e A-j and were close 
to either the Au position or the positions of the phenyl ring atoms. 

Final positional and thermal parameters with e.s.d.s as obtained from the 
least-squares inverse ma&ix are presented in Table 2, along with the rigid group 
parameters. Positional and thermal parameters for the rigid group atoms and a 

(Continued an p_ 288) 

* Idealized hydrogen atomic podtions were calculated by the local program HIDEAL. written by 

R.C. Collins. 
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tabulation of observed and calculated structure factor amplitudes are avail- 
able *. 

Discussion 

The crystal structure of 

in which the Au’ ions are bonded not to 
aryl carbon atoms but to sp2-hybridized carbon atoms. The geometry of the 
C,H,(OMej, ring is virtually that of an idealized phenyl ring; i.e., the ring is 
planar (see Table 4) and the mean C-C distance ** of 1.390 +- 0.013 & is in 
agreement with the established aromatic C-C distance of l-395 w [ld;]. Thus, 
despite evidence [9] which may suggest Au + C back bonding in acetylide and 
cyanide complexes of Au’, there appears to be no structural evidence for this in 
(C,H,(OMe)2)Au(PPh3). 

Although Au’ forms few complexes with oxygen ligands [1] and prefers 
two-coordination, there is a hint of a weak Au’---0 interaction in (C,H,(OMe),)- 
Au(PPh,). The C( l)-Au-P angle is -173”, compared to the value of 178O in 
the closely analogous complex (C,F,)Au(PPh,) [lo]. Furthermore, the Au--- 
O(1) and AU---O(~) distances of 3.231(4) and 2.961(4) & respectively, differ 
signifzcantly, although both distances exceed the Van der Waals’ distance of 
2.74 A for the Au’ and 0 species [12]. Presumably to accommodate this weak 
AU--SO(~) interaction, the Au-C(l)-C(G) angle has contracted to 117”) while 
the Au-C( 1)-C!(2) angle has expanded to 126”. A similar effect was noted in 
the structure of ((C,H,),NC(S)S)Au(PPh,) 1151, which contains the potentially 
bidentate NJ!-diethyldithiocarbamate ligand. One sulfur atom, S(l), is strongly 
bonded to Au at a distance of 2.338 A, while the second sulfur atom, S(2), 

* See NAPS document no. 03617 for 33 pages of sxzpplementary material. Order from NAPS W 
Microfiche Publications. P-0. Box 3513. Grand Central Station. New York. N.Y. 10017. Remit in 
advance. io U.S. funds only S 8.25 for photocopies or $ 3.00 for microfiche. Outside the U.S. and 

Canada add postage of $3.00 for photocopy an+ $1.00 for microfiche. 
** An average bond length. 1. for n bond lengths is given byF= ZIiJn. and its standard deviation as 

O(z = [ X(Ii -T>* /(n - l)] ‘I2 - 
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Fig, 1. View of the (CsH3(OMe),)Au(PPh,) molecuh iJ.lusteating the atom numbering scheme used herein. 
Atoms are drawn as ellipsoids of 30% probability. Hydrogen &oms. except those of the PPh, i&and which 
have been omitted for clarity. are shown as spheres of radius 0.5 A. 

TABLE3 

INTERATOMICDISTANCES(A)ANDANGLES" 

AU-P 2.234<1) o(2wx7) 
Au--OCl) 3.231(4> CW-a2) 
Au-O<2> 2.961 <=%j C<2>-CC3> 
Au-C(l) 2.050(4~ . C(3)--c<4> 
P-all) * 1.826 (2) C<5)4X6) 
pc(21) * 1.826 (2) C(6)-C(l> 
P-c(Bl) * 1,819(3) C(3)-H(3) 
OW-a2) l-386(6) C(4)-W4) 
O(~h-a8~ 1.440(7) C(5)--w(5~ 
0(2)--c(6) 1.381(6> 

P-Au-C<l) 172.7 (1) C<2kCX3)--If<3> 
Au-(11) * 117.8 (1) %3H<3)--C<4) 
Au--P--c<2T) * 110.3 (I) c(3Fc(4>-c(5~ 
Au-P-C(31)* 110.3 (1) C(3bc<4k-H(4> 
C(ll)*-P+x21) * 106.2(l) H(4)-C(4)-W5) 
Cfll)*a(31) + 105.3 (1) W41-c(5)--c(6) 
C(21) V-c(31) * 106.3 (1) C(4)--C(5)-w5> 
Au--C(lf-C(2) 126.3(3) H<5)--c(5k-4X6) 
Au--c<1)-_c<6~ 117.4(3) C(5)-C<6f+Xl> 
C(2)-C(lX<6) 116.3 (4) C(5k-C(6k-O(2) 
cw--a2)--c~3~ 123.0(4) 0(2F-C(6)-CUJ 
C(1~-c(2)--0(~l) 115.9 (4) Ct2f-0CW-C(6~ 
O<l)--c(2)-C<3> 12l.2(4> C(7)-o(2)-C(6) 
‘X2)+X3)+X41 117.5t51 

1,405(7) 
1.388(6) 
I.404 (7) 
X.405 CS) 
1.393 (7) 
1.382 (7) 
1.07 (6) 
1.01 (5) 
0.82 (5) 

124 (3) 
118 (3) 
121.3 <ED) 
121 (31 
118 (3) 
118.6(5) 
124 (4) 
117 (4) 
123.3 (5) 
121.8 (5) 
114.9 (4) 
116.8 (4) 
119.9 (4) 

o Numbers in parentheses are the estimated standard deviations in the least sigoificaut digits. See Figure 1 
for identity of the atoms. Atoms marked with * are r&id-group atoms. 
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TABLE 4 

DEVIATIONS FROM SELECTED LEAST-SQUARES PLANES = 

Atom Deviations (A) b 

-0.8399X - 0.4271Y - 0.33482 + 3.2394 = 0 

Au+ 0 
P* 0 

C(l)* 0 

G(1) -1.622 (4) 

O(2) 1.600 (4) 

0.7556X + 0.5155Y -0.40422 -1.3151= 0 

C(l)* 4.003 (4) 

c<2>* -0.001 (4) 

C(3)* +I.001 (5) 

C(4)+ 0.005 <5) 

C(5)* --0.009 (5) 

C(6)* 0.008 (5) 
AU 0.0363 (2) 

C(l) --0_013 (4) 

W2) 0.015 (4) 

W3) a.21 (6) 
H(4) 0.02 (5) 
=<5) -0.32 <5) 
C(7) 0.156 (6) 

C(8) -0.111 (6) 

o Ortbonormd (A) coordinate system with axes X. Y and 2 parallel to Unit cell vectors a. b and c*. A 
negative deviation from the plane indicates that the atom with coordiaates given in Table 2 lies between 

the plane and the unit cell origin. See Figure 1 for identity of the atoms. b Numbers in parentheses are the 
estimated standard deviations in the least significant bigits_ 

completes the four-membered d;u--s(l)-C-S(2) ring at a distance of 3.015 d, 
a distance which is 70.17 R less than the Van der Waals’ distance. As a conse- 
quence of this weak Au+(Z) interaction, the P-Au-S(I) bond angle has 
decreased by 4.3” from linearity. 

The deviation from a symmetrical structure in (C,Hs(OMe),)Au(PPh,) in 
which the two Au---O distances would be equal implies’that Au1 has an affinity 
for three-coordination, even if the third ligand is an oxygen donor. More satis- 
factory trigonal coordination for the Au’ ion, however, is apparently obtained 
with the more polarisable phosphine ligands, e.g. ClAu(PPh,), [ 8] and 
[Au(PPh,),]’ ]16], both of which possess bond angles of -120” about Au. 
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