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and fractional atomic coordinates are presented in Table 
I. The cyclopropenyl ligand is 4 3 - b ~ ~ d  to the ruthenium 
atom with the unique carbon C(6) directed away from the 
cyclopentadienyl ring. Like its Mo analogue 2, but in 
contrast to the W complex 1, the distance from Ru to the 
C3 ring centroid [2.036 (8) A] is significantly longer than 
that to the Cs ring centroid [1.833 (8) A], although both 
rings are closer to the metal than are their counterparts 
in 2 (vide supra). While the cyclopropenyl ring in 6 is held 
more closely to the metal than that in 2, the phenyl rings 
in 6 (Figure 1) are bent back from the plane of the cy- 
clopropenyl ring significantly less than those in 2. Thus 
there is no direct correlation between closeness of binding 
(as measured by metal-ring centroid distances) and sub- 
stituent bend-back angle.3ss4b 

Spectroscopic analysis of 6 and its relatives indicated 
that the solid-state structure is maintained in solution.' 
In contrast to their fluxional relatives 2-4, the presence 
of two 13C resonances for the cyclopropenyl ring carbon 
atoms, and resonances due to two different phenyl groups, 
for complexes 5, 6 , 7 ,  and 9 indicates a conformationally 
static structure in solution.1° The observation of three 
cyclopropenyl ring carbon resonances for the mixed halo 
complex 8 is also consistent with conformational rigidity. 
That this increased rotational barrier is not due to steric 
interactions due to more closely bound cyclopentadienyl 
and cyclopropenyl rings is indicated by the free rotation 
of the cyclopentadienyl and pentamethylcyclopentadienyl 
rings, as evidenced by a single environment for all atoms 
in the 'H and 13C NMR spectra of 5-9. 

In summary, even though the cyclopropenyl ring is less 
closely bound to the metal center than is the cyclo- 
pentadienyl ring, the rotational barrier for the three- 
membered ring appears to exceed significantly that for the 
five-membered ring. The origin of the relatively high 

(10) The smallest separation between cyclopropenyl carbon peaks (Au) 
is 30 Hz for the mixed halide complex 8. Since the coalescence tem- 
perature is clearly >298 K, a minimum AG* 2 62 kJ mol-' for cyclo- 
propenyl rotation can be calculated for this complex. Estimation of a 
value for 2 requires an estimate of Au at the slow exchange limit, which 
has not been reached at -80 Assuming that Au for 2 is 3000 Hz (the 
value obtained for 6) and that the coalescence temperature is clearly 4193 
K leads to a malcimum AG* 5 32 kJ mol-' for cyclopropenyl rotation in 
2. It seems reasonable to conclude that the barriers for triphenylcyclo- 
propenyl rotation in the Ru(1V) complexes are at least 30 kJ mol-' greater' 
than that in their isoelectronic molybdenum analogue. 
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barriers in 1 and 5-9, as compared to the low barriers in 
2-4,'O must be related to the intimate details of orbital 
interactions between the respective metal fragments and 
the cyclopropenyl ring. It is hoped that molecular orbital 
calculations on the isoelectronic complexes 2 and 6 will 
allow further elucidation of these differences. 
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Summary: The ylide complex Hg(CH,P(S)Ph,), ( la)  has 
been synthesized. l a  reacts readily with Au(THT)CI (THT 
= tetrahydrothiophene) in CH,CI, in the presence of TIPF, 
to yield a new bimetallic compound with HgC, and AuS, 
bonding, [HgAu(CH,P(S)Ph,),] PF, (2a). This compound is 
isostructural with an isomer having AuSC and HgSC 
bonding, 3a, obtained from the reaction of PPN[Au- 
(CH,P(S)Ph,),] with HgCI, in the presence of TIPF,. The 
structures of l a ,  2a, and 3a were determined by single- 
crystal X-ray diffraction. 2a and 3a do not interconvert 
upon heating in THF. 

Recently, we have reported the synthesis and structure 
of the (methylenethiophosphinate)gold(I) complex PPN- 
[Au(CH,P(S)Ph,),] and its use as a synthetic precursor for 
heterobimetallic methylenethiophosphinate 
The complexes AU,P~(CH,P(S)P~~)~,  AuT1(CHzP(S)Ph2),, 
and A U ~ P ~ ( C H ~ P ( S ) P ~ ~ ) ~  were obtained. These hetero- 
bimetallic complexes display unique structural features 
and very interesting physical and chemical properties. The 
scarceness of Hg"-Au' bimetallic complexes and the 
chemical similarities of Au' and Hg" ions have promoted 
us to synthesize mercury-gold containing ylide bimetallic 

(1) Murray, H. H.; Briggs, D. A.; Garzon, G.; Raptis, R. G.; Porter, L. 

(2) Wang, S.; Fackler, J. P.; King, C.; Wang, J. C. J. Am. Chem. SOC. 

(3) Wang, S.; Garzon, G.; Fackler, J. P., Jr.; King, C. K.; Wang, J. C. 
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Table I. 'H and  NMR Data 
'H NMR 31P NMR 

chem. chem. 

compound -CH2, 6 Hz ppm Hz Hz 
shifts of 2 J p - ~ ,  z J r ,  shifts, VHrP, 4Jp-p, 

la, CDC1, 2.32 1 2  135 44.78 148 
2a, CDCl, 2.41 12 155 50.10 46 
3a, CDzClz 2.30 11 49.89 6 

2.91 12 210 54.36 6 
1.16 102 

CDzClz 

F i g u r e  1. The molecular structure of la showing 50% thermal 
ellipsoid. Selected bond lengths (A) and angles (deg): Hg-C = 
2.12 (2), P-S = 1.954 (7), P-C = 1.77 (2); C-Hg-C' = 17993 (2), 
Hg-C-P = 113 (1). 

complexes. We report here the synthesis and structural 
characterization of two structural isomers of [HgAu- 
(CH,P(S)Ph,),]PF, and the precursor complex Hg(CH,P- 
(S)Phz)z. 

Addition of 0.5 equiv of HgCl, to a THF solution of4 
Li(CH,P(S)Ph,), results in the formation of the colorless 
compound Hg(CH,P(S)Ph,), (la) in greater than 50% 
yield.5 The 'H NMR spectrum shows only one type of 
CH, group bonded to Hg as indicated by the satellites of 
coupling to the lNHg nucleus with ,JHrH = 135 Hz (com- 
pare withs HgMe,, Table I). The structure of la was 
confirmed by a single-crystal X-ray diffraction analysis' 

(4) (a) Seyferth, D.; Welch, D. E. J. Organomet. Chem. 1964,2,1. (b) 
Seyferth, D.; Welch, D. E.; Herren, J. K. J. Am. Chem. SOC. 1963,85,642. 

(5) Elemental Anal. Calcd for la: C, 47.09; H, 3.65. For 2a and 3a: 
C, 31.07; H, 2.41. Found for la: C, 46.37; H, 3.43. For 2a: C, 30.78; H, 
2.36. For 3a: C, 32.14; H, 2.48. Preparation of la: Li(MTP) (960 mg, 
4.0 mmol in 20 mL of THF) was prepared according to the literature.' 
HgClz (500 mg, 1.8 mmol) was added to this solution at -78 OC. After 
the solution was warmed to 0 OC, the white solid, la, precipitated. After 
being stirred for 1 h, the solution was filtered and washed with THF and 
ether. l a  (780 mg) was obtained (yield 65%). Preparation of 2a: 20 mg 
of la  (0.03 mmol) and 10 mg of Au(THT)Cl(O.O3 mmol) were dissolved 
in 5 mL of CHzCIP. TlPF6 (11 mg, 0.03 mmol) was added. After being 
stirred for 4 h, the solution was filtered and concentrated to 1 mL. Ether 
(5 mL) was added. Light yellow crystals of 2a (18 mg) was obtained (yield 
60%). Preparation of 3a: 80 mg of l b  (0.07 mmol) and 18 mg of HgClz 
(0.07 mmol) were dissolved in CHzClZ. TlPF, (48 mg, 0.14 mmol) was 
added. After being stirred for 4 h, the solution was filtered and con- 
centrated to 3 mL. Ether (10 mL) was added. The PPNPFB cocrystal- 
lized with 3a was washed out with MeOH. Light yellow crystals of 3a 
(46 mg) was obtained (yield 69%). These new compounds are air-stable. 

(6) (a) Petrosyan, V. S.; Voyakin, A. S.; Reutov, 0. A. J. Org. Chem. 
USSR (Engl. Transl.) 1970,6,895. (b) Brown, A.; Howarth, 0.; Moore, 
P. J. J. Chem. Soc., Dalton Trans.  1976, 1589. 

(7) Crystal data. la: C2sHxHgAuSzPz; space group C2/c; a = 25.090 
(8) A, b = 10.886 (5) %I, c = 9.189 (4) A; @ = 91.83 ( 3 ) O ;  V = 2508 (2) A3; 
2 = 4. Convergence to the final R values of R = 5.38% and R, = 6.89% 
was achieved by using 1200 reflections (F: h 3u(F:)) and 118 least- 
squares parameters. 2a: CBHz4HgAuS&'3F6; space group C2/c; a = 
30.356 (6) A, b = 14.028 (5) A, c = 16.491 (5) A; @ = 121.48 ( 2 ) O ;  V = 5988 
(3) AS; 2 = 8. Convergence to the final R values of R = 4.05% and R ,  
= 3.44% was achieved by using 2039 reflections (F,2 h 3u(F,2)) and 174 
least-squares arameters. 3a: Cz6H&gAuS2P3F6; space group c 2 / c ;  a 
= 29.761 (7) 1, b = 8.824 (3) A, c = 27.413 (5) A; @ = 125.39 (2)"; V = 
5868 (3) A3; 2 = 8. Convergence to the final R values of R = 5.27% and 
R ,  = 6.30% was achieved by using 2699 reflections (F: 2 3u(Fz)) and 
174 least-squares parameters. Data were collected on a Nicolet R3m/E 
diffractometer and processed on a Data General S140 computer using 
SHELXTL software (version 5.1). All the structures were solved by 
direct methods. 

F i g u r e  2. The molecular structure of 2a showing 50% thermal 
ellipsoid. Selected bond lengths (A) and angles (deg): Hg-Au 
= 3.088 (l), Hg-C(l) = 2.13 (2), Hg-C(2) = 2.14 (2), Au-S(l) = 
2.299 (61, Au-S(2) = 2.313 (6), P(1)- C(1) = 1.82 (2), P(l)-S(l) 
= 2.033 (6), P(2)-C(2) = 1.82 (2), P(2)-S(2) = 2.034 (6); C(1)- 
Hg-C(2) = 175.0 (7), S(I)-Au-S(2) = 175.0 (2), Hg-C(l)-P(l) = 
109.1 (7), Hg-C(2)-P(2) = 110.7 (9), Au-S(I)-P(l) = 102.9 (2), 
Au-S(2)-P(2) = 102.2 (2)'. 

,. 

F i g u r e  3. T h e  dimeric structure of 3a showing 50% thermal 
ellipsoid. Selected bond lengths (A) and angles (deg): Hg-Au(1) 
= 2.989 (l), Au(l)-Au(l)' = 3.150 (2), HgC(1)  = 2.09 (2), Hg-S(1) 
= 2.335 (51, Au(l)-C(2) = 2.10 (2), Au(l)-S(2) = 2.337 (5), P- 
(l)-S(l) = 2.04 (81, P(l)-C(2) = 1.82 (2), P(2)-S(2) = 2.03 ( l ) ,  
P(2)-C(1) = 1.81 (2); Hg-Au(l)-Au(l)' = 111.1 (l), C(l)-Hg-S(l) 
= 174.8 (7), Hg-S(l)-P(I) = 105.4 (3)O, Hg-C(l)-P(B) = 107.4 
(81, C(2)-Au(l)-S(2) = 175.2 (7)O, Au(l)-S(2)-P(2) = 104.3 (3)O, 
Au(l)-C(2)-P(l) = 108 (1). 

Scheme I 
A 

A + l  

I I  
CHZ S 

Hg Au 

C i 2  's 
I I  
iu 4" 
S CH2 
v 

I /  
+s 

CH 

S-CH2 

3a 2c 

as shown in Figure 1. The geometry of la resembles that 
of the [ A U ( C H ~ P ( S ) P ~ ~ ) ~ ] -  anion lb.  Two carbon atoms 
coordinate linearly to the Hg(I1) center with bond lengths 
and angles similar t o  those found insa Hg(CH,Ph), andsb 
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[Hg(CH2CH20CH2CH2)]2. The Hg atoms in la lie on the 
c axis in the lattice with a Hg-Hg separation of 4.59 A and 
with weak intermolecular Hg-S contacts, 3.20 and 3.16 A, 
respectively. We believe that l a  is the first structurally 
characterized two-coordinate ylide Hgn complex. A linear 
two-coordinate geometry was suggested for the cations 
[Hg(CH2PR3)2]2+ (R = Ph, Me) reported previously by 
Seyferthg and Schmidbaur et al.9 

As found for lb, l a  is an excellent synthetic precursor 
for bimetallic complexes. For example, lb reacts readily 
with Au(THT)Cl (THT = tetrahydrothiophene) in CHzClz 
to productlJO A U ~ ( C H ~ P ( S ) P ~ ~ ) ~  (3b),'J0 while l a  also 
reacts readily with Au(THT)Cl in the presence of T1PF6 
to yield the new bimetallic compound [HgAu(CH2P(S)- 
Ph2)2]PF6 (2a) in 60% yielda5 However, unlike lb  which 
shows a rearrangement of the Au-C bond to form 3b, la 
yields 2a without the rearrangement of Hg-C bonds 
(Scheme I). 2a was fully characterized by 'H NMR, 31P 
NMR, elementaL5 and X-ray diffraction analyses.' The 
molecular structure of 2a is shown in Figure 2. As found 
in la, the Hgn center is linearly coordinated to two carbon 
atoms. This result is consistent with the 'H NMR spec- 
trum of 2a which shows only one methylene signal and 
lWHg coupling satellites (Table I). The Au' center in 2a 
is bonded linearly to two sulfur atoms with normal Au-S 
bond distances. The Au-Hg separation is 3.088 A, similar 
to the sum of metallic radii of Au and" Hg, 3.009 A. The 
fact that 2a is the only product from the reaction of la with 
Au(THT)Cl and 3b the only product from lb with Au(T- 
HT)C1 suggests that the Au-C bonds in lb are more labile 
than the Hg-C bonds in la. This lability of Au-C bonds 
in lb  is further demonstrated by the specific synthesis of 
compound 3a, [ H ~ A U ( C H ~ P ( S ) P ~ ~ ) ~ ] P F ~ ,  from lb. 

Compound 3a was obtained as the only product from 
the reaction of lb  with HgC12 in the presence of T1PF6 in 
CH2C12 in 69% yield.5 3a is isomeric with 2a and similar 
to 3b in structure. A drawing of its structure is shown in 
Figure 3. Each metal atom in 3a is bonded linearly to a 
methylene group and a sulfur atom with similar M-S and 
M-C bond lengths. This bonding mode agrees with the 
lH NMR spectrum of 3a in solution in which two strikingly 
different chemical shifts of methylene groups are observed. 
Only one methylene group is coupled to the lSHg nucleus 
(Table I). The Hg-Au distance, 2.989 (1) A, is shorter than 
that found in 2a or the sum of metallic radii of Hg and Au 
atoms. Interestingly, 3a dimerizes in the solid and forms 
a tetranuclear species. One-half of the dimer is related to 
the other half by a 2-fold symmetry axis. Hg and Au atoms 
are experimentally crystallographically indistinguishable. 
The intermolecular metal-metal distance of 3.150 (2) A 
is similar to the intermolecular Au-Au separations in'B 
A U ~ P ~ ( C H ~ P ( S ) P ~ ~ ) ~ ,  A U ~ P ~ ( C H ~ P ( S ) P ~ ~ ) ~ ,  andlo Au2- 
(CH2PnS)Ph2)2. On the basis of the fact that Au' com- 
plexes tend to form short intermolecular Au-Au contacts 
in the solid12 and that Hg atoms in 3a are in a higher 
oxidation state (+2) than the Au atoms (+1) and therefore 
they would prefer to be further apart, the intermolecular 
M-M distance was assigned to a Ad-Au' distance. 

(8) (a) Hitchrock, P. B. Acta Crystallogr., Sect. B: Struct. Crystallogr. 
Cryst. Chem. 1979, B35, 746. (b) Gardenic, D. Acta Crystallogr. 1952, 
5, 367. 

(9) (a) Seyferth, D.; Grim, S. 0. J. Am. Chem. SOC. 1961,83,1610. (b) 
Schmidbaur, H.; Rathlein, K. H. Chem. Ber. 1974,107,102. (c) Yama- 
moto, Y.; Sugimoto, H. Bull. Chem. SOC. Jpn. 1980,53, 3176. 

(10) (a) Mazany, A. M.; Fackler, J. P., Jr. J. Am. Chem. SOC. 1984,106, 
801. (b) Mazany, A. M. Ph.D. Thesis, Case Western Reserve University, 
1984. 

(11) Sanderson, R. T., Chemical Periodicity; Reinhold: New York, 
1962. 

(12) Jones, P. G. Gold Bull. 1981, 14, 102. 

2a and 3a are the first examples of organometallic 
complexes containing both of Au and Hg atoms with 5d'O 
electronic configurations. These two compounds do not 
interconvert under reflux in THF. 

The chemical reactivity of these new compounds and 
syntheses of other new bimetallic complexes using Hg- 
(CH2P(S)Ph2), as a precursor are currently under inves- 
tination in our laboratorv. 
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Summary: The primary silanes PhSiH, and EtSiH, react 
with the binuclear complex Rh,H,(CO),(dppm), to produce 
in sequence the p-SiRH dihydride species Rh&- 
SiRH)H,(CO),(dppm), and the bis p-SiRH complex Rh,(p- 
SiRH),(CO),(dppm),. The latter for R = Ph has been 
found by a single-crystal structure determination [P'l; a 
= 12.927 (5 )  A, b = 15.165 (2) A, c = 18.280 (8) A; CY 
= 93.8 (5)', p = 103.6 (3)', y = 107.8 (9)'; Z = 2; 
dau = 1.42 g/cm3; R = 0.047, R ,  = 0.0591 to have a 
cradlelike structure with p-SiPhH bridges of 2.35 (1) A 
average Rh-Si distance and a Rh-Rh single bond of 
2.813 (1) A. The complexes Rh,(p-SiRH)H,(CO),(dppm), 
are fluxional with Si-H and Rh-H protons undergoing rapid 
exchange, indicating the relative reactivity of the coordi- 
nated Si-H bond in these systems. For R = Ph, AG* for 
the fluxional process is 12 f 1 kcal/mol. 

The reactivity of Si-H bonds with transition-metal 
complexes' has stimulated interest in dehydrogenative 
coupling of primary and secondary silanes, R,SiH4-,, (n  = 
1, 2; R = alkyl, aryl), as a reaction path to the formation 
of Si-Si bonds. Recently, Harrod and co-workers have 
employed this approach using CP,T~R'~ (R' = Me, CH2Ph) 
to obtain (RSiH), with x = In the course of this 
work, they obtained binuclear intermediates having /.L- 

SiRHz groups (R = Ph) and observed Si-Hlhydride ex- 

~ ~~ 

(1) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Prin- 
ciples and Applications of Organotransition Metal Chemistry; Univer- 
sity Science Books: Mill Valley, CA, 1987; pp 293,564,761 and references 
therein. 

(2) (a) Aitken, C. T.; Harrod, J. F.; Samuel, E. J. Organomet. Chem. 
1985,279, C11. (b) Harrod, J. F.; Aitken, C. T. International Chemical 
Congress of the Pacific Basin Societies, Honolulu, Hawaii, 1984, Paper 
7K12. 
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