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1,4-Bis(diphenylphosphanylmethyl)benzene (1) was con- 
verted into its bis[chlorogold(I)] complex [l - (AuCl),] upon 
treatment with two equivalents of chloro(dimethy1 sulfide)- 
gold(1). The reaction of 1 - (AuCl), with one equivalent of 
silver tetrafluoroborate afforded a cyclic di[gold(I)]chloro- 
nium tetrafluoroborate [ 1 - Au2C1+ BF,]. Substitution of chlo- 
ride in 1 * (AuCl), by sodium methanethiolate in wet chloro- 
form, gave the bis[methylthiogold(I)] complex 1 * (AuSMe),, 
while with sodium sulfide a cyclic complex 1 AuzS was ob- 
tained. Reaction of 1 * (AuCl), with two equivalents of AgBF4 

Many two-coordinate gold(1) complexes of the general 
formula L-Au-X with small neutral ligands L and simple 
anions X have unusual solid state structures characterized 
by both intra- and intermolecular contacts of gold 

Supramolecular aggregations forming pairs, clus- 
ters, chains or sheets have been observed, depending on the 
stoichiometry, polarity and steric requirements of the com- 
plexes and their ligands, respecti~ely.[~,~I As part of a perti- 
nent research program we have now investigated chloro- 
and thiolatogold(1) complexes of a ligand specifically tail- 
ored to span two gold(1) centers bridged by a sulfur atom. 
The molecular geometry of 1,4-bis[ (diphenylphosphanyl) - 
methyljbenzene was calculated to fit the requirements 
of a unit [SAu,] with an angle at S close to 90" and for a 
complex with linearity at the gold centers (A). This ligand 
resembles another arylidene-based ditertiary phosphane 
used previously for spanning edges of carbon-centered oc- 
tahedra,L6] but with reduced flexibility of its framework (B). 

B A 

followed by treatment with diphenyldisulfide or sodium me- 
thanethiolate yielded the cyclic methyl/phenylsulfonium te- 
trafluoroborates 1 n AuzSPhc BF, and 1 - AuzSMe+BFh, re- 
spectively. All compounds were identified on the basis of 
their analytical and spectroscopic data. The crystal structures 
of 1 - (AuC1)2, 1 . (AuSMe),, and 1 - AuzS have been determi- 
ned. The AuzS complex has a cyclic structure with a narrow 
Au-S-Au angle of 86.7(1)" indicating a significant intraan- 
nular Au-Au interaction. 

Binuclear Open-Chain Complexes 

Ligand 1 was prepared by published methods.r51 It reacts 
with two equivalents of chloro(dimethy1 sulfide)gold(I) in 
dichloromethane at ambient temperature to give the dinu- 
clear complex 1 . ( A U C ~ ) ~  in virtually quantitative yield [Eq. 
(l)]. Treatment of this product with sodium methanethiol- 
ate in a two-phase medium of chloroform/water afforded 
quantitative yields of the corresponding bis(methylthio1ato- 
gold) complex 1 ~ ( A U S M ~ ) ~ ,  [Eq. (2)]. 

The molecular structures of the two binuclear open-chain 
compounds have been determined by single crystal X-ray 
diffraction methods. The complex 1 .(AuC1)z has a centro- 
symmetrical structure (Figure 1) with the crystallographic 
center of inversion located at the center of the p-xylene ring. 
The coordination geometry at the gold atoms is quasi-linear 
[P-Au-Cl 176.3(1) "1 with unexceptional bond distances. 
The efficient shielding of the P-Au-CI units by the phenyl 
and xylyl substituents precludes any close intermolecular 
Au...Au contacts. The p-xylene ring atoms are coplanar by 
symmetry. The absence of any distortion indicates a strain- 
free situation. 

The complex l.(AuSMe)z has no crystallographic sym- 
metry, but the skeleton of the molecular structure (except 
for the orientation of the phenyl groups) is, again, close to 
point group C,. The units P-Au-S are quasi-linear 
[174.2(1), 176.3(1)"] with standard bond lengths, and the 
central xylene ring system is coplanar including the carbon 
atoms of its CH2 substituents. The folding of the molecules 
and the resulting shielding again eliminate the possibility 
for any intermolecular Au...Au contacts (Figure 2) .  
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Figure I. Molecular structure of 1,4-[(CIAu)Ph2PCH2l2C6H4, 
I . (AUCI)~ (ORTEP; hydrogen atoms with arbitrary radii)ral 

La] Selected bond lengths [A] and angles ["I: Au-P 2.226(2), Au-CI 
2.278(3), P-CI 1.824(10); P-Au-CI 176.3(1), Au-P-CI 112.4(3). 

Binuclear Cyclic Complexes 

Treatment of complex 1 ~(AuCI)~  with one equivalent of 
tetrafluoroborate in dichloromethane/tetrahydrofuran led 
to a AgCl precipitate and to a solution of an ionic product 
identified by its analytical and spectroscopic data as a salt 
with a cyclic digold chloronium cation 11 *Au2CI]+ BF4- 

3'P{1H}-NMR spectra of solutions of the product in 
dichloromethane show only one singlet resonance, and the 
'H- and 13C-NMR spectra show only one set of signals in- 
dicating equivalent phenyl rings and a symmetrically dis- 
posed xylene bridge. There is no significant change in the 
spectra when the temperature is lowered to -65°C. This 
result eliminates the possibility for any unsymmetrical 
structure, for example, with the remaining chlorine atom at 

[Eq. (311. 

Figure 2. Molecular structure of 1 ,4-[(H3CSAu)Ph2PCH2I2C6H4, 
1 * (AuSMe)2 (ORTEP; hydrogen atoms with arbitrary radii)La] 

Selected bond lengths [A] and angles ["I: Aul-SI 2.277(3), 
Aul-PI 2.245(2), S1-C1 1.76(2), Au2-P2 2.252(2), Au2-S2 
2.282(3), S2-C2 1.80(1), PI-CIO 1.825(8), P2-C20 1.843(7); 
PI -Aul-Sl 174.1(1), P2-Au2-S2 176.3(1), Aul -S1 -C1 
101.4(6), C2-S2-Au2 102.0(4), A ~ l - P l - C l 0  114.6(3), 
Au2-P2-C20 110.3(3). 

one gold atom and with the tetrafluoroborate unit at the 
other. 

Most importantly, the FAB mass spectrum has the mol- 
ecular mass of the cation 11 .Au2Cl]+ as the parent ion, fol- 
lowed by a fragment originating from a loss of AuC1. 

There is precedent in the literature for compounds with 
bis[(phosphane)gold(I)]chloronium This earlier 
work also includes a study of the crystal structure of 
[(Ph3PAu)2Cl]+ BF4-, which revealed a heavy atom skel- 
eton bent at a chlorine atom bridging the two gold atoms. 
The formula with a cyclic cation, proposed in Eq. (3) ,  is 
based on this analogy, but it represents a unique case of a 
cyclic chloronium salt with low-valent, low-coordinate me- 
tal atoms. Chlorine bridging is also present in the elec- 
troneutral zig-zag chains of crystalline A u C ~ . [ * , ~ ~  

The reaction of complex 1 . ( A U C ~ ) ~  with two equivalents 
of AgBF4 in CH2C12/THF at -5°C afforded a precipitate 
of AgCl and a solution of a strongly nucleophilic binuclear 
gold compound. This was tentatively assigned the structure 
of the bis(tetrafluoroborate), and was found to react with 
diphenyl disulfide at -40°C to give good yields of a cyclic 
digold(pheny1)sulfonium salt [Eq. (4)]. The product was 
identified unequivocally on the basis of its analytical and 
spectroscopic data. 
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Reaction of the bis(tetrafluorob0rate) with one equival- 
ent of sodium methanethiolate in methanol gives the di- 
gold(methy1)sulfonium salt [Eq. (5)]. This methyl homo- 
logue was characterized only by its NMR and FAB-MS 
data. 

2 AgBF4 I -2AgCl 

CHzCb I THF I - 5°C 
1 .  (AuCI)~ D 

1 

(1 * Au$Ph)'BFi 

Digold(alkyl/aryl)sulfonium salts are quite well 
known,['"-"] including structural data,['2,'3] and therefore 
a discussion of the stoichiometry and structure is not neces- 
sary. It is only the large ring structure of the cation which 
is of specific interest regarding the ligand properties of 1. 

2 AgBF.4 I -2AgCI 
1 .  (ACI)z w 

CH2C4L I THF I - 5°C 

tB 
S"%. Me Es. (5)  

1eqNaSMe AuO 'Au\ 
MeOHI-10°C * PhP' PPh2 

Treatment of 1 * ( A u C ~ ) ~  with sodium sulfide hydrate Na2- 
Scaq) in chloroform at room temperature gave quantitative 
yields of the di[gold(I)]sulfide complex 1 *Au2S [Eq. (6)]. 
The product is soluble in chlorocarbon solvents. Its FAB 
mass spectrum shows the parent ion (M)+ in high intensity, 
accompanied by the ions (M + Au)+ and (M - AuS)+. 
The NMR spectra (in CDC13) have a singlet 31P resonance 
and one set of 'H and 13C signals for a symmetrically dis- 
posed bidentate ligand. There is no indication of a lowering 
of the DZh or C,, symmetry of the xylene ring in solution. 
Considering the folding of the macrocycle detected in the 
solid state structure (Figure 3), these NMR results prove 
that a rapid ring inversion occurs in solution. 

The compound crystallizes from CHC13 with two mol- 
ecules of solvent to produce 1*Au2S 2 CHC13. In the crys- 
tal, the molecule has no crystallographically-imposed sym- 

metry, but its structure closely approaches mirror symmetry 
(Figure 3). The macrocycle has a narrow Au-S-Au angle 
of only 86.7( 1) O ,  associatedo with a short intraannular 
Au*..Au distance of 3.147(1) A. The S-Au-P linkages are 
not quite linear [ 175.7( 1) and 175.9( 1) O ,  respectively], and 
the bending is such that the gold atoms approach each 
other. 

Figure 3. Molecular structure of { 1,4-[Ph2PCH2I2C6H4}Au2S, 
1 * (Au2S) (ORTEP; hydrogen atoms with arbitrary radii)["] 

d '0 

La] Selected bond lengths [A] and angles ["I: Aul-S 2.298(2), 
Au2-S 2.283(2), Aul-PI 2.260(2), Au2-P2 2.260(2), AUl-Au2 
3.146(1), P1-CI 1.844(9), P2-C2 1.824(9); Aul-S-Au2 86.7(1), 
PI-Aul-S 175.7(1), P2-A~l2-s 175.9(1), Aul-PI-Cl I13.6(3), 
Au2-P2-C2 114.2(3). 

As can be seen from a different projection of the com- 
pound shown in Figure 4, the large ring is folded at the 
phosporus atoms, but the skeleton of the heavy elements 
(P2Au2S) is almost planar (Figure 4). The geometry of the 
bridging p-xylene unit is indicative of some ring strain. The 
phenylene ring is not planar with folding angles of the 
planes C12-Cl1 -C16 and C13-Cl4-Cl5 versus 
C12-Cl3-Cl5-CI6 of 3.8 and 4.3", respectively, and a 
bending of C1 away from the C12-Cll-Cl6 plane (6.8") 
and of C2 from the C13-Cl4-Cl5 plane (6.1 ") (Figure 5). 
These distortions appear to be necessary in order to secure 
a small Au-S-Au angle and to preserve linearity at the 
gold atoms as much as possible. The structure is therefore 
another example of the influence of Au...Au interactions on 

Figure 4. Side projection of the molecule 1 * (Au2S) (Figure 3). 
(Arbitrary radii for all atoms; hydrogen atoms omitted for clarity.) 

Chem. Ber. 1995, 128, 901-905 
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the molecular configurations and conformations of multi- 
nuclear gold(1) complexes. 

6 = 37.4 (s). - C34H34A~2P2S2 (962.65): calcd. C 42.38, H 3.56, S 
6.66; found C 41.81, H 3.47, S 6.28. 

Figure 5. Projection of the molecule 1 - (Au,S) (Figure 3), parallel 
to thep-xylene group (Cl, Cll-C16, C2), showing the non-plana- 
rity of this group. (SCHAKAL, arbitrary radii for all atoms; hydro- 

gen atoms omitted for clarity.) 

S 

cll C12 C13 '14 
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ExDerimental 
All experiments were carried out under dry, purified nitrogen. 

Samples and solutions were protected against direct incandescent 
light. Solvents were dried, distilled and saturated with nitrogen. 
Glassware was oven-dried and filled with nitrogen. 1,4-Bis[(diphen- 
ylphosphanyl)methyl)]henzene was prepared according to literature 
method[5]. MS: Finnigan MAT 90; NMR: Jeol GX 400 spec- 
trometer with TMS as an internal standard and CDC13 as solvent, 
unless stated otherwise. 

Bis[chlorogold(I)] Complex l.(AuCl),: A solution of 949 mg (2 
mmol) of 1,4-C6H4(CH2PPh2)2 in 120 ml of dichloromethane is 
added dropwise to a solution of 1.18 g (4 mmol) of Me,SAuCl in 
70 ml of dichloromethane at ambient temperature. After stirring 
for 30 min the clear solution is concentrated under vacuum. Ad- 
dition of pentane leads to precipitation of the white product, which 
is filtered off, washed with pentane and dried under vacuum. Yield 
1.77 g (94%), m.p. 327°C. - 'H NMR: 6 = 3.73 (d, 'JHp = 11 Hz, 
CH,), 6.88 (s, c&4), 7.27-7.64 (m, Ph-H). - I3C{IH} NMR: 6 = 

129.2 (m, Ph-meta-C), 130.6 (s, C6H4-m),  131.1 (s, C&-@so-C), 
132.4 (m, Ph-para-C), 133.4 (m, Ph-ortho-C). - 31P{'H} NMR: 
6 = 34.3 (s). - MS (FAB): mlz (%) = 903.5 ( I )  [M+-Cl]. - 
C32H28Au2C12P2 (939.40): calcd. C 40.92, H 3.00, Au 41.94; found 
C 40.94, H 3.09, Au 41 S9. 

Bis[methunethioZatogoldo] Complex 1 -(AuSMe),: 188 mg (0.2 
mmol) of I ,4-C6H4(CH2PPh2AuC1)2 is dissolved in 15 ml of chloro- 
form and 5 ml of an aqueous solution of 70 mg (1 mmol) of 
NaSMe is added to the solution. The resulting two-phase system 
is stirred vigorously for 2 h. The aqueous layer is separated from 
the organic layer and washed twice with 5 ml of chloroform. The 
chloroform layers are combined and dried with Na2S04 and the 
solvent evaporated under vacuum. Yield 189 mg (980/), m.p. 

CH2), 6.89 (s, C&), 7.24-7.59 (m, Ph-H). - I3C{ 'H} NMR: 6 = 

Ph-meta-C), 129.8 (d, 'Jcp = 50 Hz, Ph-ipso-C), 130.4 (d, 3Jcp = 3 

35.5 (d, 'Jcp = 43 Hz, CH,), 128.4 (d, 'Jcp = 58 Hz, Ph-ipso-C), 

291 "C. - 'H NMR: 6 = 2.38 (s, CH3), 3.66 (d, 'JHp = 10 Hz, 

10.7 (s, CHJ, 35.6 (d, 'Jcp = 28 Hz, CH,), 129.0 (d, 3Jcp = 11 Hz, 

Hz, ChH4-CH), 131.6 (s ,  C~H~-@SO-C), 132.4 (d, 4Jcp = 2 Hz, Ph- 
para-C), 133.4 (d, 'Jcp = 13 Hz, Ph-ortho-C). - 31P{1H} NMR: 

p-Chloroniumdigold(I) Tetrafluoroborate (11 .Au2Cl]+BF4-): 188 
mg (0.2 mmol) of 1,4-C6H4(CH2PPh2AuCl)2 is dissolved in 60 ml 
of dichloromethane and the solution is cooled to -7°C. A solution 
of 39 mg (0.2 mmol) of AgBF4 in 10 ml of THF is added dropwise. 
A precipitate of AgCl is filtered off and the volume of the resulting 
clear solution is reduced under vacuum. Addition of pentane af- 
fords the product as a white precipitate, which is filtered, washed 
with pentane and dried in a vacuum. Yield 196 mg (99%), d.p. 
152"C, m.p. 167°C. - 'H NMR (CD,Cl,): 6 = 3.82 (d, 2JHp = 11 
Hz, CH,), 6.89 (S, c6H4), 7.46-7.64 (m, Ph-H). - I3C{'H} NMR 
(CD,CI,): 6 = 35.4 (d, ' J cp  = 33 Hz, CH2), 127.5 (d, l Jcp  = 61 
Hz, Ph-@so-C), 129.6 (m, Ph-meta-C), 130.6 (s, C6H4-CH), 132.9 
(s, Ph-para-C), 133.5 (m, Ph-ortho-C), 134.1 (s, C6H4-@so-C). - 
31P{'H} NMR (CD,CI,): 6 = 47.6 (s). - MS (FAB): mlz (YO) = 

(990.72): calcd. C 38.79, H 2.85, Au 39.76; found C 38.51, H 2.80, 
Au 39.12. 

903.3 (19) [M+], 671.3 (3) [M+ - AuCI]. - C ~ ~ H ~ ~ A U ~ B C ~ F ~ P Z  

p- Pheny l.sulfoniumdigold( I )  Tetrajluoroborate (I1 * Au2SPh]'BF4-): 
94 mg (0.1 mmol) of 1 ,4-C6H4(CH2PPh2AuC1), is dissolved in 40 
ml of dichlormethane and the solution is cooled to -7 "C. A solu- 
tion of 39 mg (0.2 mmol) of AgBF4 in 10 ml of THF is added 
dropwise to give a precipitate of AgCl, which is filtered off. The 
clear solution is cooled to -40 "C and then treated with a solution 
of 22 mg (0.1 mmol) of Ph2S2 in 10 ml of THE After stirring for 
20 min at this temperature, the mixture is allowed to warm to room 
temperature. The solvent is evaporated to dryness under vacuum 
and the residue extracted with 35 ml of dichloromethane. Addition 
of diethyl ether to the filtrate produces a white precipitate, which 
is filtered off, washed with ether and dried in vacuo. Yield 78 mg 
(73%), m.p. 148°C (dec). - 'H NMR (CD2C12): 6 = 3.91 (d, 

7.46-7.64 (m, PPh-H). - I3C{'H} NMR (CD,Cl,): 6 = 36.4 (d, 
lJcp = 21 Hz, CH,), 127.6 (s, SPh-para-C), 127.9 (s, SPh-ortho-C), 
128.7 (d, 'Jcp = 52 Hz, PPh-@so-C), 129.4 (s, SPh-meta-C), 129.8 
(s, SPh-ipso-C), 130.0 (m, PPh-meta-C), 130.8 (s, C6H4-CH), 133.1 
(s, PPh-para-C), 133.4 (s, C6H4-ipso-C), 133.8 (m, PPh-ortho-C). - 

, J H p =  10 Hz, CH,), 6.95 (s, c6H4), 7.31-7.35 (s, SPh-H), 

"P{'H) NMR (CDZC12): 6 = 49.2 (s). - MS (FAB): mlz ('Yo) = 

976.8 (100) [M+], 900.7 ( 5 )  [M+ - Ph], 868.8 (4) [M+ - SPh]. - 
C38H33A~2BF4P2S (1064.43): calcd. C 42.88, H 3.12, Au 37.01; 
found C 42.53, H 3.00, Au 36.12. 

p-Methylsulfbniumdigold(I) Tetrafluoroborate (11 * AuzSMe]+ 
BF4-): 188 mg (0.2 mmol) of l,4-C6H4(CH2PPh2AuC1)2 is dis- 
solved in 60 ml of dichloromethane and the solution is cooled to 
-7°C. A solution of 39 mg (0.2 mmol) of AgBF4 in 10 ml of THF 
is added dropwise to give a precipitate of AgCl, which is filtered 
OK After addition of 14 mg (0.2 mniol) of NaSMe in 15 ml of 
THF/methanol(1:3) to the filtrate, the resulting colourless solution 
is stirred for 1 h, and the solvent removed under vacuum. Yield 
178 mg (89'%), dec. 190°C. - 'H NMR (CD2C12): 6 = 2.70 (s, 
CH,), 3.90 (d, 'JHP = 10 Hz, CH,), 6.94 (s, C&), 7.50-7.75 (m, 
PPh-H). - '3C{'H} NMR (CD2ClZ): 6 = 30.0 (s, C H 3 ) ,  36.1 (d, 
'JCp = 28 Hz, CH,), 127.0 (d, lJcP = 58 Hz, Ph-ipso-C), 129.9 (m, 

Ph-para-C), 133.9 (in, Ph-ortho-C). - 31P{1H} NMR (CD,CI2): 
6 = 48.5 (s). - MS (FAB): mlz ('YO) = 915.9 (37) [M+], 900.7 (3) 
[M+ - Me], 671.7 (9) [M+ - AuSMe]. 

Ph-meta-C), 130.7 (S, C&-CH), 131.4 (S, C6H4-@SO-C), 133.0 (S, 

p-Digold(I)sulfide Complex 1.AuzS: 188 mg (0.2 mmol) of 1,4- 
C6H4(CH2PPh2AuC1)2 is dissolved in 15 ml of chloroform and 7 
ml of an aqueous solution of 120 mg (0.5 mmol) of Na2S.9 H 2 0  

Chem Ber. 1995, 128, 901 -905 
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Table 1. Crystallographic Data for 1 . (AuC$ - CHC13, 1 * layer and washed twice with 5 ml of chloroform. The organic solu- 
tion is dried with Na2S04 and the solvents evaporated in vacuo. 
Yield 180 mg (100%), m.p. 287°C (dec.). - ' H  NMR: 6 = 3.69 (d, 

(AuSMe)z, 1 * AuzS * 2 CHC13 

empirical formula 
formula weight 
crystal system 
space p u p  (No.) 
a [A1 
b IAI 
c [A] 
a ["I 
P ["I 
Y ["I 
v [A31 
pdC [ g ~ m - ~ ]  
z 
F(000) [el 
p(Mo-KJ [cm-'1 

crystdim. [mml 
T ["Cl 
hkl range 

measured reflections 

c33H2&u2aSp2 

1058.69 
monoclinic 
C2lc (No.15) 
15.679(2) 
9.357(2) 
24.550(7) 
90 
104.53(1) 
90 
34863 1)  
2.017 
4 
2000 
89.04 

0.25 10.35 10.50 
-7 1 
-18ShS19 
- I l k s 1 1  
-1851531 
3999 

c34H34AU2P2SZ 
962.67 
monoclinic 
E , / n  (No.14) 
15.528(2) 
9.689( 1) 

22.478(3) 
90 
106.38(1) 
90 
3244.6(1) 
1.982 
4 
1832 
92.8 

0.20 I0.25 / 0.30 
-62 
OShS19 
O<k512 
-28 5 1 S 27 
7736 

C34H3dUP6PZS 
1139.21 
moncclinic 
R, /c  (No.14) 
17.542(2) 
14.913(1) 
14.618(1) 
90 
98.06(1) 
90 
3786.3(6) 
1.998 
4 
2160 
83.28 

0.1510.35 10.35 
-62 
OShS22 
OSkS18 
-18 <1S 18 
8744 

2JHp = 10 Hz, CH2), 6.85 (s, C&), 7.24-7.83 (m, PPh-H). - 

(d, 'Jcp = 50 Hz, Ph-@so-C), 129.3 (m, Ph-meta-C), 130.8 (s, C6H4- 
CH), 131.6 (s, Ph-para-C), 132.5 (s, C6H4-ipo-C), 133.4 (m, Ph- 
ortho-C). - 3'P(1H} NMR: 6 = 42.5 (s). - MS (FAB): mlz (%) = 

C32H28Au2P2S (900.52): calcd. C 42.72, H 3.13, S 3.56; found C 
42.23, H 3.30, S 3.35. 

Crystal Structure Determination: The samples were mounted in 
glass capillaries. An Enraf Nonius CAD4 diffractometer with 
graphite-monochromated Mo-K, radiation was used. The struc- 
tures were solved by direct methods (SHELXTL-PC), and all H 
atoms were placed in calculated positions. The chloroform mol- 
ecule in the structure of 1.(AuC1)z.CHC13 is disordered. The final 
cell parameters and specific data collection parameters are summa- 
rized in Table I .  Further details of the X-ray structure determi- 
nations may be obtained from Fachinformationszentrum Karlsruhe 
GmbH, D-76344 Eggenstein-Leopoldshafen, Germany on quoting 
the depository number CSD-58971, the names of the authors and 

'3C{1H} NMR (CDZCI,): 6 = 36.5 (d, 'Jcp = 22 Hz, C H I ) ,  129.2 

1096.6 (23) [M + Au+], 900.8 (8) [M+], 671.5 ( 5 )  [M' - SAU]. - 

unique reflections mint) 3785 (0.047) 5988 (0.0134) 7229 (0.0174) the journal 
observed reflections 3785 4535 5922 

Fox 2 -30FO2 Fo 2 40Fo Fo Z 40F0 [ ' I  H. Schmidbaur, Gold Bull. 1990, 23, 11. 
refinedpasameters 186 361 406 M. Jansen, Angew. Chem. 1987, 99, 1136; Angeiv. Chem. Int. 
absorption COH.: empirical empirical Ed. Engl. 1987, 26, 1098. 

o.514610,9984 o.2355/o.9987 L31 H. Schmidbaur, Interdisc. Sci. Rev. 1992, 17, 213. 
L41 €? G. Jones, Gold Bull. 1981, 24, 102; ibid. 1983, 16, 114; ibid. Tmin I Tmax -1- 

1986, 19, 46. 
P. W. Clark, Org. Prep. Proced. Int. 1979, 11, 103. 

weighting scheme a = 0.0493 1=1.m 1 =  l . m  E6] 0. Steigelmann, P. Bissinger, H. Schmidbaur, Angew. Chem. 
1990, 102, 1473; Angew. Chem. Znt. Ed. Engl. 1990, 29, 1399. 

p~.~maxlndn) [eA-31 +2.027 / -1.950 +1.982 / -1.257 +2.175 1 -2.045 L71 [7al R. Uson, A. Laguna, M. V. Castrillo, Synth. React. Inorg 
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