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The gold(I) complex of tetraphenylcyclopentadiene, Ph&HAuPPhs (I), has 
been obtained for the first time by interaction both between Ph,C,H, and 
[(AuPPh&O]+BF, and between Ph4HC5Li and P.h,PAuCl. The structure of I 
was determined by an X-ray crystal analysis (3913 reflections, R = 0.049). 
Crystals of I We monoclinic, at -120°C a = 13.303(2), b = 12.951(2), c = 
21.117(4) 8, p = 96:60(l)“, 2 = 4, space group P2Jc. An unusual feature was 
found in the interaction of the Au atom with the Cp ring, viz. a coordination 
intermediate between q’ (0) and q3. In accordance with PMR spectroscopy data, 
complex I, unlike other q’-cyclopentadienyl comppunds of monovalent gold, 
is a stereochemically rigid system with a fixed H--$-AuPPh3 fragment. 

Introduction 

The stereochemistry of cyclopentadienyl derivatives of Au and Hg has for 
some years attracted the attention of scientists who have used IR and NMR 
spectroscopy to elucidate their structure [ 11. However, X-ray structural data 
on cyclopentadienyl derivatives of elements at the end of the long periods and, 
especially, of post-transition elements are rather limited. The structurally 
studied Cp complexes of metals in the C%i, Zn and Ga subgroups are represented 
by a few examples, unlike derivatives of the SC-CO sub-groups. At the present 
time structures of (C5H5)CuPPh3 (II), with a symmetrical q5 coordination of 
the Cp ligand [2], the ylide complex of divalent mercury { [Ph3PC,&Hg]12}2 
(III) [3] and the polymeric complex (C=SH5)31n (IV) [4] have been determined. 
In the last two compounds the metal atom. is bonded to the Cp ligand predomi- 
nantly in the q’ mode. Since complexes of monovalent gold have features in 
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common with both Cd complexes and Hg” compounds, the mode of coordina- 
tion of Au in Cp complexes is of great interest. 

In the present paper the synthesis of a tetraphenylcyclopentadienyl-Au’ 
complex, Ph,HC,AuPPh,, is described for the first time, and its structure as 
determined by an X-ray crystal analysis. 

Results and discussion 

We obtained tetraphenylcyclopentadienyl(triphenylphosph~e)gold(I) by 
two ways: by auration of tetraphenylcyclopentadiene with tris(triphenylphos- 
phinego1d)oxoniu.m tetrafluoroborate in the presence of an alkaline agent (NaH 
or K&OS): - 

Ph,C,H, + [ (Ph,PAu),O]+BFa; N- Ph4HCSAuPPhB 
. 

(I, 79--83%) 

and by reaction of Ph4HCSLi with the triphenylphosphine complex of mono- 
valent gold chloride: 

PhSHCSLi + Ph3PAuCl Ts Ph4HC4AuPPh3 

(I, 80432%) 

Complex I is moderately stable in air and gradually decomposes with forma- 
tion of tetraphenylcyclopentadienone, but the thermal stability of I is much 
higher than that of C,H,AuPPh3 [S]. 

The PMR spectrum of I in CDC13 contains a complex multiplet from the 
phenyl protons (S = 7.36 ppm) and a doublet from the cyclopentadienyl proton 
centred at 6 = 5.36 ppm with “J(‘H3’P) = 12 Hz. Proton-31P spin decoupling 
results in coalescence of the doublet into a singlet (6 = 5.35 ppm). The value 
of 3J(‘H31P) found for I is typical for the organogold complexes RAuPPh3 
(R = CH3, CH*Ph, CH2COCH3) containing a fixed H-C-AuPPh3 fragment with 
a Au-C a-bond [ 7-101. Thus, complex I is stereochemically rigid, unlike the 
Cp derivatives of monovalent gold RH4C,AuPPh3 (R = H, CH3), in which a rapid 
metallotropic isomerization is observed (“J(‘H3’P) constants are 2.8 and 
4.8 Hz respectively [ll]). 

As shown earlier, addition of small quantities of free phosphine PR’3 to 
monovalent gold phosphine complexes RAuPR; (R = CH3, CH,Ph, CH2COCH3; 
R’ = Alk, Ar) leads to the coalescence of the proton doublet of the H-C-AuPR: 
fragment in the NMR spectra into a narrow singlet as a consequence of fast 
exchange of phosphine ligands through intermediate formation of the bis-phos- 
phine complex RAu(PR;), [9,12]. 

Addition of free PPh3 to a solution of I in CDCls (molar ratio PPh3 : I of 
1 : 2) results only in a significant broadening of the Cp proton signal (6 = 5.36 
ppm) in the PMR spectrum of I, but the coalescence of the doublet components 
into a narrow singlet is not observed. Thus, in the case of I formation of an inter- 
mediate biphospbine complex seems to be hindered, which leads to significant 
slowing down (on the NBIR time scale) of exchange processes between phos- 
phine ligands. 
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Fig. 1. An ORTEP drawing of a molecule of compound I: 

To elucidate the mode of coordination of the Au atom by the tetraphenyl- 
cyclopentadienyl ligand in complex I we carriedout its X-ray structure study. 

Crystals of I are built up of discrete Ph4HCsAuPPh3 molecules at normal 
Van der Waak distances from each other. The molecular structure of I is shown 
in Fig. 1, bond lengths are presented in Table 1 and bond angles in Table 2- 
The molecule I represents a monocyclopentadienyl compound of Au(l+) 
(with a formal d'O electron configuration). The Au atom is linearly coordinated 
to P and C(1) atoms, the bond length Au-P of 2.239(3) and Au-C(l) of 2.15(l) 

(Continued on P. 130) 
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TABLE1 

BONDLENGTHS dfi%) 

Bond 

&x-P 
Au--c{1 ) 
Au-CX2j 
AU-CfS) 

P-+X61) 
P--w71) 
P-c(81) 

C(~)--c(2~' 
cw--cc51 
C~W-CX31 
Cf2l--C~21) 
a3t-cc4) 
C(3j-q31) 
C(4I--a5) 
cc4F-cx411 
Cw-cww 
Ci21)--c<22~ 
CX21I-C<26) 

C(22l-CX23) 
C(23)--Cf24) 

d 

2.239<3) 

2.1ziaj 
2.6761) 
2_7#xxj 
1.84a.) 
1.82<1) 
1,82(l) 
1.47(2) 
1.46f2f 
1*39(2j 

1.47t2) 
1.45(2) 
1.51<2) 
1.38<2) 
1_4?<2> 
X.48(2) 
1.38(2) 

1,40(Z) 

l-40(2) 

i.36(3) 

Bond d 

1.33(3) 
1.41<2) 
X,36(2) 
X.38(2) 
1.40<2) 
1.39<2) 
X.37(2) 
1.39<2) 
Z-3962) 
1.39<2) 

X.40(2) 
1.39(3) 
X.36(3) 
1.37<2) 
X.40(2) 
1.39<2) 
1.42(Z) 
X.3%2) 

1.42<3) 

I.40<2) 
1.4lQ) 
1.36(Z) 
l-39(2) 
X.37(2) 
1.34<3) 
1.36(3) 
1.39<2) 
1.37<2) 
1.38(2) 

1.38ta 
X.36(2) 
1_39(2) 
l-36(2) 
1.35(Z) 
l-39(3) 

l-39(3) 
1.39<3) 
l.40(3) 

TABLE2 

BONDANGLESw<DEGREES) 

Ame W Awe w Angie W 

PAuCW 
PAuC(2) 
PAuC(5) 
C<l)AuC(2) 
C<l)AuC<5) 
C(2)AuC<5) 
AuPC<61) 
AuPC(7I) 

AuPcx81) 
C(61)PC(71) 
C(6I)PC(Sl) 
C(7l)PC~Slj 
AuC<ljC12) 

AuC(IjG(5j 
ct2jCt~~c<5~ 
AuC(2)C(lj 
AuC(2jCC3) 
AuC(2jCGZl) 

C(1Kx2jcx33) 
ccwx2jC~2w 
CX3jCt2ztCX21) 
C<2X<3XW 
CX2XX3XX31) 
C~4jC6xx3~~ 
c<3x.x4x~6) 
c<3vx4vx4~~ 
Cc.5je~4xx4~~ 
AuC(5)C<l) 
AuC<5jC(41 
AuC@)Cf51) 

178.6(3) 109<1) 

X47.7(33) 1240) 

147.2(3) 127(l) 
33.3<4) 121(l) 
31*7<4) X22(1) 

51.1(4) 117(l) 
114_0<5) 122(l) 
13.2.5<4) X21(2) 

110.8<6) 120<2) 
105.3(6) 119(2j 

109.7[6) 12i<t) 
104.0016) 119(l) 

93.4(8) X22(1) 
97_8(3) 119(l) 

106(l) 12Ofl) 
53.3(G) 120(l) 

104*0(S) 113(13 
102.6W 120(X) 

107aj 121(l) 

123Cl) 121(l) 
130(X) 120(l) 
110(l) 119(l) 
X27(1> 121(f) 

122(l) 118(f) 
108(X) 121(Z) 
124flj lZO(lj 
128(l) 121(X) 

50.4(6) 121(l) 

103.5(S) 120<1) 

111.3<8) C&2)C@l)C(56) 119fl) 

120(l) 

122(l) 
118(2) 
121<2f 
125<11 
118W 
X23@) 
119(l) 
12Ocl) 
119(2) 
118<2) 
12X2) 
3.18<2) 
117.6<9) 
122.1<9) 
120(l) 
3.2om 
120(l) 
119(X1 

l22<3.) 
11BCt) 
116(l) 
123(l) 
121(X) 
1x912> 
123(Z) 
llS(2) 
123(2) 

11qzj 
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A having the usual values [13]. The five-membered cycle C(l)-%(5) is planar 
to within 0.02 A (Table 3), its bond length distribution is characteristic of a 
diene structure: two bonds, C(Z)-C(3) of 1.39(Z) and C(4)-C(5) of l-38(2) 8, 
are shortened significantly as compared with the other three bonds, C(l)-C(2) 
of l-47(2), C(l)-C(5) of l-46(2) and C(3)-C(4) of 1.45(2) A. The @so-carbons 
of the Ph substituents are only slightly displaced from the Cp ligand plane 
(Table 3). In agreement with the NMR data, the above-mentioned structural 
features are indicative of $(o) coordination of the Au atom to the tetraphenyl- 
cyclopentadienyl ligand. However, the bond angles .C(2)C( 1)Au of 93.4( 8)” and 
C(QC(l)Au of 97.8(8)” are significantly smaller than the tetrahedral value of 
109.5”, typical of sp3 hybridization of a carbon atom, and the distances 
AU---C(~) of 2.67(l) and AuaC(5) of 2.76(l) i$ correspond to a weak (“secon- 
dary”) coordination of the Au atom with the respective-c atoms. This indicates 
a more cqmplicated type of metal-cyclopentadienyl interaction in I, which 
seems to be described more correctly as a case of coordination intermediate 
between Q’(O) and q3(n-allyl). 

The unusual nature of the Au atom coordination in I, which differs strongly 
from the symmetrical $ bonding in the copper complex II of similar stoichiom- 
etry, gives rise to a number of questions_ To explain the structure of I, it is of 
interest to compare structural data on Cp compounds of transition and post- 
transition metals. The chemistry of organic derivatives of the nickel sub-group 
metals and, further, the copper and zinc sub-groups is known to be characterized 
by a number of features distinguishing these metals from “typical” transition 
ones. The most important of these features are the tendency to decreasing 
characteristic coordination number and the stability of a not fully occupied 
electron shell (16e for Pt, 14e for Au). The second feature, i.e. violation of the 
EAN rule, is also seen in the fact that the useful Wade’s rule (“2n + 2”) [ 141 
which enables prediction of the geometry of cluster and polyhedral compounds, 
seems to be inapplicable to “framework” compounds of Pt and is completely 
invalid in the case of Cu and Au complexes. The inconsistency of Au cluster 
structures with the “2n + 2” rule has been treated theoretically 1151: accord- 
ing to EHM calculations, the participation of metal p-orbitals in cluster bonding 
is negligible which, in its turn, is a result of increasing energy difference between 
s- and p-AO’s of the outer electron shell on moving from transition to post-transi- 
tion metals in the periodic table [ 161. A decrease in coordination ability of the 
metal atom is seen clearly in a series of polyhedral metal carbaboranes, in 
which a change was found in the coordination of a metal by the nido-polyhedron 
C,B,H,, from “symmetricaI” in the case of Fe and Co derivatives through 
“slipped” towards B atoms (like the r-ally1 type) in the case of Ni, Cu and Au to 
a rather unusual interaction in Ph3PHgC2B9H,, with one short Hg-B bond of 
2.20 a and two “secondary” Hg---B bonds of 2.50 and 2.53 A [17]. Apparently, 
the latter type of coordination is rather similar to that observed in I. 

Turning from metal carbaboranes to n-cyclopentadienyl derivatives, which 
also may be considered as “framework” compounds (containing a 6-vertex 
nido-polyhedron ?J~-C~H~M [ 14]), it is natural to expect analogous structural 
features, though it must be taken into account that the presence of different 
types of atoms (B and C) in a metal carbaborane framework facilitates distor- 
tion of the polyhedron geometry_ Unfortunately, there are a number of gaps 
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in the available structural data on Cp-transition metal derivatives (for example, 
accurate structure investigations of Cp complexes of Pt and post-transition 
metals are lacking)_ Nevertheless, the available information allows one to draw 
a certain parallel between metal carbaboranes and Cp derivatives and to esta- 
blish unambiguously a successive opening of the M-Cp “framework” on passing 
from transition to post-transition metals. As found in a series of structures of 
Cp-transition metal derivatives, the completely symmetrical $ coordination 
in the M-Cp unit, which is characteristic of ferrocene (Fe-C distances of 
2.018-2.048(5) +% [IS]) and cobaltocene (Co-C 2.079-2.111(S) s [ 1911, 
is violated in Rh, Ir and Pd compounds where the difference in M-C(Cp) bond 
lengths reaches 0.10-0.15 8, i.e. becomes statistically significant for an accurate 
structural investigdion and is usually specially indicated in the corresponding 
papers [20-231. For example, in Ph,ClC,Rh(C,H,), the Rh-C(Cp) distances 
vary from 2.183(4) A (for the C atom bonded to Cl) to 2.305 A, the difference 
of 0.122 fi being far beyond experimental errors, and the distribution of bond 
lengths in the Cp ligand clearly reveals a contribution from the diene structure. 
It should be noted that the above-mentioned structural features are retained 
in Cl&Rh(COD) (COD = cycloocta-1,4-diene), with a symmetrically substituted 
Cp ligand 1201. The structure of (CSHS)Ir(CO)PPh3, containing an unsubstituted 
Cp ligand, also reveals a difference in the Ir-C(Cp) distances of 2.23-2.30(l) 
A [Zl] . In the binuclear (Ph,Cs)zPdlPh,Cz complex with symmetrically sub- 
stituted Cp ligands the Pd-C(Cp) distances are 2.27-2.37 fi at one Pd atom 
and 2.32-2.46 A at the other [ 221. In the ylide n-complex Ph3PCSH4Pd- 
[C4(COOMe)4], which contains d chelate palladacyclopentadiene fragment, the 
Pd-C(Cp) distances vary from 2.334(6) to 2.447(6) A. There are two long C-C 
bonds of 1.47(l) and 1.46(l) and three short bonds of 1.39(l)-l-42(2) A in 
the planar Cp ligand; on the whole the distribution of bond lengths indicates a 
noticeable contribution from q3 coordination which is in agreement with NMR 
data 1231. A similar non-equivalence of the metal-C(Cp) distances is found in 
cyclopentadienylnickel derivatives [ 24,25]_ In structures of (C,H,)PtMe3 [ 261 
and (C10HB)Pt2(C5H5)2 [27] the Pt-C(Cp) distances vary within 0.2-0.3 A, 
but the experimental accuracy of these investigations does not justify any 
conclusions on the significance of the discrepancies mentioned_ 

Both a majority of the 12-vertex metal carbaboranes with a “slipped” frame- 
work involving n-ally1 type M-C,B,H,, bonding and the Cp complexes considered 
with a “distorted” q5 M-C&H5 coordination formally obey the EAN rule (i.e. 
with a normal, symmetrical coordination of C,BsHI1 or CSH5 fragments the M 
atom should possess an l&electron outer shell). At present, Cp-transition 
metal complexes in which the M atom is bonded to C5H5 in a “slipped” r-ally1 
mode are unknown, if with the usual $ M-Cp coordination the metal atom 
attains an inert gas conf&uration. However, formally 20-electron Cp complexes 
of W have been studied, viz. derivatives of (C,H,),W(CO),, wherein one of the 
two Cp ligands is coordinated in the q3 mode and bent so that the W atom 
actually has a stable l&electron shell [ 281. Similar distortions may be sup- 
posed for the formally l&electron Cp derivatives of Pt and, possibly, Au, but 
at the present time such.complexes have not been structurally characterized. 

The known structures of Cp derivatives of Hg (complex III) [2] and In 
(complex IV) [3] involve a M-Cp fragment with its geometry being on the 
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whole similar to I, viz. the preferred $ coordination of a 5-membered cycle, 
but with decreased (as compared to tetrahedral) M-C(Cp)-C(Cp) bond angles 
(98.7 and 101.2(7)” in III, 90.3-101.3(6) o in two terminal Cp ligands in IV), 
and a diene system of C-C bonds in the Cp ligand with shortened C-C distances 
(as compared with normal C-C bonds not involved in a butadiene fragment). 
The contribution of x-ally1 Au-Cp coordination in I is more pronounced than 
in III and IV *. As a whole, the comparison of structures I, III and IV shows 
that the distortion of the symmetrical $ coordination of Cp derivatives of the 
heavy post-transition elements is displayed much more strongly than in deriva- 
tives of metals of the Co and Ni sub-groups, leading to a “nearly $” M-Cp 
bond, although the symmetrical q5 metal-ring bonding observed in II corre- 
sponds to the attainment of a l&electron shell (in I-IV the formal electron 
configuration of a metal atom is d”). 

According to the data quoted, filling of the d shell in the transition metal 
series is accompanied in some cases by progressive “opening” of the polyhedral 
system both of metal carbaboranes and 7r-cyclopentadiehyl complexes. In both 
classes of compounds maximum distortions are observed for the heavy post-tran- 
sition metals (d’O). Further filling of the valence shell AO’s results, however, 
not in “pure” q1 coordination but again in polyhedral q5 structures. A relevant 
example among metal carbaboranes is the monovalent thallium (d’Os*) derivative, 
viz. the “polyhedral” anion [ (C2B9H1 ,)Tl]- [ 173. The monocyclopentadienide 
of monovalent indium, C5H51n, also has a pyramidal structure according to gas 
electron diffraction data [30], while in complex IV where In has the +3 oxida- 
tion state (d’O), the In-C5H5 bonding is close to q’ coordination. Symmetrical 
q5 coordination of the Cp ligand is found in the “wedge-like sandwich” (C,H,),- 
Sn and in the cation [(C,Me,)Sn]’ [31] _ In these “polyhedral” complexes of 
non-transition metals, with their d-AO’s unable to take part in ligand bonding, 
the “2rz + 2” rule is followed and the M atom is to some degree an analog of the 
apical C atom in the dication CsMeG2+, for which a pyramidal structure was 
postulated on the basis of spectral data [32]_ It is not excluded that the subdivi- 
sion of complexes with a similar (“polyhedral”) structure into “~-complexes” 
of transition metals and “frarnework” compounds of non-transition metals 
reflects only a lack of structural information on non-transition metal 7r-com- 
plexes, since fulfilment of the “2n + 2” rule by both of them suggests a similar 
type of the metal-ring interaction, viz. a participation of s- and p-AO’s of the 
outer shell of the metal in a delocalized polyhedral system 1331. 

The whole family of metal-Cp derivatives may be thus considered as a class 
of “framework” compounds containing a pyramidal CpM fragment which for 
certain M elements may undergo more or less significant distortions. Examples 
of symmetrical q5 coordination include both “classical” rr-complexes of 
d-metals, such as (C,H,),Fe or C,H,Mn(CO),; and the considerably less well 
studied “non-classical” framework structures such as [(Me&)&r]‘. Distortions 

* We have found [291 that in the crystal structure of diaurated derivative of I. iriz. [PhjPAuCgPhq- 

<AuPPh&~:BF4)-. a contribution from the q3 coordination of one of Au atoms is displayed even 
more ckariy than in I: the “a” bond Au(l)-C<l) is elongated to 2.21<2) A (2.15<1) L% in I) and 
the “iecondary” bonds Au<l)---C(2) of 2.60<2) and Au(l)---C(5) of 2.71<2) L% are somewhat 

shortened (2.67(l) and 2.76(l) A in I): the Au<l)C.<l)C(2) and Au<l)C<l)C<5)_bond angles are 

\ 91(l) and 88Uf. respectively (atom numbering in the B-membered cycle is the same as in I). 
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of the symmetrical q5 coordination of the Cp ligand occur at the end of the 
transition metal series and reach their maximum for Au and Hg. This fact is in 
agreement with an increase of the energy gap between the s- and p-sublevels of 
the outer shell in the series Pt- + A$ + Hg+ -+ Tl” [ 161, which must prevent 
the involvement of metal p-AO’s in metal-ring bonding. A further filling of the 
electron shells of the Group III and IV elements decreases the polyhedron dis- 
tortion and again makes possible $ coordination *_ 

The symmetrical Cu-Cp bonding in II (Cu-C(Cp) distances of 2.190(3)- 
2.232(2) pi 121) is not easily understood on the basis of the above considerations 
although it may be compared with the smaller value of the energy gap between 
s- and p-AO’s for Cu as compared with Au ] 161. Introduction of various substi- 
tuents into a five-membered cycle seems to favour a distortion of the M-Cp 
coordination: as an undirect proof of this supposition may serve the absence 
of Ph3PAu group migration (on the NMR time scale) in solutions of I, while for 
PhsPAu(CsHs) a rapid metallotropic process is observed [ Ill_ In this respect a 
determination of the crystal structure of a Cur derivative similar in composi- 
tion to I, viz. Ph,HC5CuPPh3, and/or the gold complex C,HsAuPPhs with an 
unsubstituted cyclopentadienyl ligand, would be of great importance. 

The symmetrical coordination of Au or Hg not realized in crystals of I and 
III respectively, may in principle occur as a transition state of the metallotropic 
rearrangement of Cp derivatives of these elements in solution [ 1] _ The disadvan- 
tage of the mechanism consisting of H and SiH, migration over the Cp centre 
in comparison to the 1;2-shift was demonstrated by CNDO calculations [34], 
but for heavy post-transition metals an intermediate $ (or v3) state may turn 
out to be additionally stabilized. The various ways of Cp ligand bonding with 
elements similar in their chemical properties and position in the Periodic system 
are of undoubted interest and make further structure investigations of cyclopenta- 
dienyl derivatives of Pt, Au and Hg desirable. 

Experimental 

The IR spectra were registered with an IKS-29 instrument in Nujol mulls. 
The UV spectrum was measured with a Specord UV-Vis instrument in CHCls, 
PMR spectra were obtained with a T-60 spectrometer at a working frequency 
of 60 MHz and with an XL-100 instrument at a working frequency of 100 MHz 
using TMS as an internal standard. 

X-ray diffraction data were obtained with a four-circle Syntex P2, authomatic 
diffractometer at -120°C (h MO-K,, graphite monochromator, e/20 scan, 2 < 
26 < 46”, 5069 independent reflections, including 3913 with I> 20, the absorp- 
tion was neglected). 

Crystals.of I are monoclinic, at -120°C a = 13.303(2), b = 12.951(2), c = 
21.117(4) A, p = 96.60(l)“, V = 3614(l) Fi”, M = 828, dcalcd_ = 1.530 g/cm3, 2 = 
4, space group P2Jc. 

The structure was solved by the heavy atom technique and refined by least 

* In this discussion. one should distinguish between CP derivatives of metals <both transition and 
post-transition) which can realize the qs coordination with a CP ligand according to the EAN or 
“2n + 2” rules and “true” a-CP complexes such as CsH5Mn(dO)5 and C5H~SnR3_ 

(Continued O)I p. 136) 
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squares in the anisotropic approximation. Positions of the hydrogen atoms of 
the Ph rings were calculated geometrically, and these atoms were included in 
the refinement with a fried positional and isotropic thermal (&, = 5.0 A*) 
parameters. Finally, R = 0.049, R, = 0.068 for 3474 independent reflections 
with F? > 50. All calculations were performed with an Eclipse S/ZOO mini- 
computer with modified EXTL programs *. Coordinates of non-hydrogen 
atoms and parameters of anisotropic temperature factors are listed in Table 4. 

Tetraphenylcyclopentadiene 
A mixture of 4.0 g (0.11 mol) of LiAlH4 and 7.5 g (0.06 mol) of Al& at 0°C 

in 200 ml of absolute ether was stirred, and after 5 min 10.0 g (0.03 mol) of 
tetracyclone (m-p. 218°C) [35] and 100 ml of absolute ether were added: the 
mixture became yellow-green in colour. The reaction mixture was stirred first 
at 20°C for 10 min and then under reflux for 3 hours (the solution became 
colourless). The excess of LiAIH, was carefully decomposed with 175 ml of 
diluted (1 : 1) HCl, then 250 ml of benzene was added and the mixture was 
stirred for 10 mm more. The organic layer was separated, washed with water, 
washed twice with saturated NaHC03 solution, again with water and dried 
with anhydrous Na,SO,. The solution was filtered and evaporated to dryness. 
7.0 g of Ph4C5H2 were obtained, m-p. 177-178°C (lit. 178°C [36]). 

Tetraphenylcyclopentadienyi(triphenylphosphine)gold(I) 
a) Auration of Ph&Hz in the presence of Na.H_ A mixture of 1.00 g (2.8 

mmol) of Ph&H2, 1.00 g (0.68 mmol) of tris(triphenylphosphinegold)oxo- 
nium tetrafluoroborate and 0.02 g (1 mmol) of NaH in 40 ml of absolute THF 
was stirred for 45 min. The oxonium salt dissolved completely. The solution 
obtained was filtered and the solvent removed in vacua. The solid residue was 
dissolved in benzene, and the solution was added to 60 ml of the mixture of 
ether and hexane (1 : 1) and was left to stand for 1.5 hours at O’C. The yellow 
crystalline precipitate formed was separated, washed with pentane and dried in 
air. 1.40 g (83%) of I were obtained, m-p. 159-160°C (with decomposition) 
(after precipitation from the benzene solution by the ether-hexane mixture). 
Found: C, 68.06; H, 4.26; Au, 23_40_ C,,H,,AuP calcd.: C, 68.10; H, 4.38; Au, 
23.77%. 

Compound I is a yellow crystalline substance, well soluble in CHC13, THF, 
benzene and practically insoluble in hexane. PMR (CDC13, 3, ppm): 7.36 (35 H), 
5.36 (1 H, 3J(1H31P) = 12 Hz). IR (cm-‘): 1600m, 135Ow, 1318w, 1245w, 
119Ow, 1165w, 1108w, 1065w, 1035w, 1006w, 918w, 85Ow, 820m, 795s, 
766w, 700s. In the UV spectrum two absorption maxima are observed: 224 nm 
(E = 4583 cm-’ mol-‘) and 313 nm (E = 671 cm-’ mol-‘)_ 

b) Auration of tetraphenylcyclopentadiene in the presence of K2C03. A 
mixture of 0.15 g (1.8 mmol) of K&03, 1.00 g (2-7 mmol) of Ph,&H, and 1 
ml of water in 40 ml of THF was stirred for 5 min, and then 1.00 g (0.68 mmol) 
of tris(triphenylphosphine gold)oxonium tetratluoroborate was added. Stirring 
was continued for 4.5 hours until the-oxonium salt was dissolved completely. 

* Modification of EXTL programs was carried out by k1. Yanovskv and R-G. Gem <Institute of 
Organo-Element Compounds of the U.S.S.R. Academy of Sciences). 
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The solution obtained was filtered and treated as in the previous experiment: 
1.30 g (79%) of I were obtained, m.p. 158-160°C with decomposition. 

c) From lithium tetraphenylcyclopentadienide and PhJfAuCi. To 7.5 ml of 
a 1.14 iV solution (8.5 mmol) of n-BuLi in hexane were added 10 ml of absolute 
THF. Then a suspension of 2.10 g (5.5 mmol) of Ph4C5H2 in 30 ml of absolute 
THF was added dropwise at O-5%; after 30 min a suspension of 2.50 g (5.0 
mmol) of Ph,PAuCl in 40 ml of absolute THF was added. The reaction mix- 
ture was stirred at lO-15°C for 1.5 hours, and then 20 ml of water was added. 
The organic layer was separated, dried with K&O3 for 15 min, evaporated to 
dryness in vacua and the solid residue was reprecipitated from a benzene-petro- 
leum ether mixture: 3.30 g (81%) of I were obtained as pink crystals, m-p. 
159-160°C with decomposition. 
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