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Chemistry of Di- and Tri-metal Complexes with Bridging Carbene or 
Carbyne Ligands. Part 9.' Reactivity of the Cations [MPt(p-CC,H,- 
Me-4)(CO),(PR3),(q-C5H5)]+ ( M  = M n  or Re, PR3 = PMe3 or PMe,Ph) 
towards Tertiary Phosphines and the Toluene-p-thiolate Anion ; X-Ray 
Crystal Structures of [MnPt(p-C( PMe3)C6H4Me-4}(C0),( PMe3),(q- 
C5H5)][BF,] * and [MnPt(SC6H,Me-4){p-C(PMe3)C,H,Me-4}(p-CO)- 

By John C. Jeffery, Rafael Navarro, Hayat Razay, and F. Gordon A. Stone, Department of Inorganic 
Chemistry, The University, Bristol BS8 1 TS 

The salts [MPt(p-CC,H,Me-4)(CO),(PR,),(-q-C5H5)][BF4] (M  = Mn or Re, PR, = PMe, or PMe,Ph), in which 
a tolylidyne group bridges the metal-metal bond, readily add a molecule of tertiary phosphine to form adducts, the 
,lP n.m.r. spectra of which suggest the formulation [MPt(p-C(PR,)C,H4Me-4}(CO),(PR,),(r-c,H,)1 [BF,]. 
This was confirmed by a single-crystal X-ray diffiaction study on the compound M = Mn and PR, = PMe,, 
crystals of which are triclinic, with space group P I  and Z = 2 in a unit cell of dimensions a = 10.877(2), b = 
10.230(2), c = 13.917(4) A, IX = 92.80(2), p = 95.28(2), and y = 90.08(2)". Thestructure has been determined 
by heavy-atom methodsfrom automated diffractometer data for 2.9 Q 28 d 50", and refined to R 0.031 (R' 0.034) 
for 4 845 reflections. The Mn-Pt bond [2.645(1) A] is bridged by a C(PMe,)C,H4Me-4 group, and semi-bridged 

by one CO ligand [MnCO 162.0(7)"]. In the three-membered ring Mn(p-C)Pt the Mn-C separation of 2.107(5) A 
i s  as expected for a cs bond and is thus significantly longer than the corresponding distance [1.829(8)A] in the 
precursor [MnPt(p-CC,H,Me-4) (C0),(PMe3),(~-C,H,)] [BF,] which formally contains a C=Mn linkage. In 
the PMe, adduct the platinum atom is in an essentially planar environment [with Pt-p-C 2.078(5) A], while the 

plane Mn(p-C)Pt is almost perpendicular to the plane defined by the atom p-C  and its ligated P and C atoms. 
Whereas the salt [PtRe(p-CC,H4Me-4) (CO),(PMe,Ph),(r,-C,H5)] [BF,] reacts with Na[SC,H,Me-4] to give the 
expected product [PtRe(p-C(SC6H,Me-4)C6H4Me-4}(CO),( PMe,Ph),(q-C,H,)], the salts [MnPt(p-CC,H,Me- 
4)(CO),(PR,),(-q-C,H5)][BF4] (PR, = PMe, or PMe,Ph) undergo an unusual reaction with this reagent to afford 
the compounds [MnPt(SC,H,Me-4)(~-C(PR,)C,H,Me-4}(y-CO)(CO)(PR3) (-q-C,H5)]. The structures of the 
latter species were revealed by their spectroscopic properties (i.r. and 31P n.m.r.) and confirmed by a single-crystal 
X-ray diffraction study on the compound with PR, = PMe,. Crystals are orthorhombic, space group Pca2, and 
Z = 4 in a unit cell of dimensions a = 19.482(4), b = 12.827(4), and c = 11.649(2) A. The structure has been 
refined to R 0.031 (R' 0.032) for 2 846 reflections (2.9 Q 28 d 55") measured at room temperature. The platinum 
atom is  in a planar environment with distances Pt-PMe, 2.31 9(2), Pt-SC,H4Me 2.365(3), Pt-p-C 2.132(8), and 
Pt-Mn 2.626(1) A. The latter bond is bridged by a CO ligand which is essentially trans to the S atom [C-Pt-S 

170.3(3)"], while p-C is trans to PMe, on platinum [p-C-Pt-P 168.6(3)"]. Within the Mn(p-C)Pt ring, the 
Pt-p-C separation [2.132(8) A] is  significantly longer and the Mn-p-C separation [2.047(9) A] shorter than the 
corresponding distances in [ MnPt(p-C ( PMe,) C,H4Me-4) (CO),( PMe,) ,(-q- C5H 5)] [ B F,]. 

I 
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TREATMENT of the dimetallacyclopropane ring com- 

pounds [ (3-C5H5) (OC),M{p-C(OMe)C,H4iMe-4)~t(PR,),] 
(M = Mn, PK, = YhIe,; M = Re, PR, = PMe, or 
PMe,Ph) with [OMe,][BF,] affords the salts [(q-C5H5)- 

I---- - -__- ~~- 

(OC),M(p-CC,H,Me-4)Pt(PR,),][BF4] which contain a 
tolylidyne group bridging the metal-metal bond., 
These salts react quantitatively with sodium methoxide 
in methanol to regenerate the neutral dimetalla-com- 
plexes with bridging C(OMe)C6H411ile-4 groups, thereby 
demonstrating that the alkylidyne carbon atoms in the 
cations are susceptible to nucleophilic attack. Hence, 
treatment of the salts with nucleophiles other than 
OMe- could give a variety of new compounds based on 
the reactivity of the electrophilic carbon atoms at  the 
dimetal centres. In this paper we describe reactions of 

* 2,2-Dicarbonyl-2-~-cyclopentadienyl-~-[~-tolyl(trimethyl- 
phosphonio) methanide-C]- 1 , l  -bis(trimethylphosphine)platinum- 
manganese(Pt-i22n) tetrafluoroborate. 

~-Carbonyl-d-carboriyl-2-~-cyclopentadienyl-l-toluene-~- 
thiolato-y-[p-to1 yl (trimethylphosphonio) methanide-C] - 1- (tri- 
methy1phosphine)platinum-manganese(R-M n) . 

the salts with tertiary pliospliines and with the toluene- 
thiolate anion, chosen to exemplify a neutral and an 
anionic nucleophile respectively . 

RESULTS AND DISCUSSION 

Reaction of trimetliylphosphine in light petroleum 
with a dichloromethane solution of the salt jMnPt(p- 
CC,H,Me-4) (CO),(PMe,),( q-C5H5)] [BF,] gave a deep red 
solution, from which a red crystalline compound (1) was 
isolated on addition of diethyl ether. The product was 
characterised by microanalysis, and by i.r. and n.m.r. 
spectroscopy (Tables 1 and 2). The data were in accord 
with (1) being the PMe, adduct [MnPt{p-C(PMe,)- 
C6H,Me-4)(CO),(PMe,),(?-C,H,)![BF4]. The 31P n.m.r. 
spectrum was especially informative since it showed two 
resonances characteristic of a cis-Pt (PMe,), group with 
a third signal a t  low field as expected for a phosphonium 
cat ion.3 

Compounds (2)-(4) were prepared in a similar manner 
to (l) ,  by adding the appropriate tertiary phosphine to 
the salts [MPt ( p.-CC,H4Me-4) (CO) (PR3)2 (q-C,H5)] [ BF,] 
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The Mn[p-C(PRle,)C6H,Me-4]€'t ring system present in 
(1) is very similar to that previously found in the ylide 

, - -  -~ (M = Mn or Re). I t  was evident from the spectroscopic 
properties of (2)-(4) (Tables 1 and 2) that their structures 
were similar to that of (1). For each compound the _____ 

31P n.m.r. spectrum showed three resonances, as expected derivative [(OC),Re{p-C(PMe,)C6H,}(p-CO)~~(CO),], pre- 
pared by adding PMe, to [(OC)5Re-W(~CC,H,) (CO),] .4 

7% 
'PR, 

M PR, 

(1)  Mn PMe, 

( 2 )  Mn PMe,Ph 

(3)  Re PMe3 

(4)  Re PMcZPh 

for tlie proposed structures, with the low-field signal 
being assigned to the phosphonium group. Moreover, 
the two resonances in each spectrum due to tlie cis- 
Pt(PR,), groups are readily identified by their character- 
istic 195Pt-3'P coupling constants, the larger (cn. 3 800 
Hz) being associated with the PR, ligand t rmso id  to the 
metal-metal bond., The i.r. spectra of (1)-(4) show 
two CO stretching bands, that in each spectrum at  
lowest frequency (Table 1) being indicative of a semi- 
bridging CO ligand. 

In order to confirm the structural identities of (1)-(4) 
an X-ray diffraction study was carried out on (1) for 
which suitable single crystals were available. The 
results are summarised in Tables 3-5, and the cation is 
shown in Figure 1 with the atomic numbering scheme. 
I t  will be seen immediately that a PMe, group is bonded 
to the carbon atom bridging the inctal-metal bond, as 
was indicated by the 31P n.ti1.r. spectrum. 

FIGURE 1 Crystal structure of the cation of complex ( l ) ,  
showing the atomic numbering scheme 

Whereas this rhenium-tungsten conipound has a 
bridging CO group, in (1) one of tlie CO ligands is semi- 
bridging [hfnC(l)O(l) 162.0(7)"], the other being termin- 
ally bound to manganese [MnC(2)0(2) 172.6(6)"]. The 
Pt-C(l) distance [2.332(7) A] may be comparedwith those 
found for the semi-bridging carbonyls in [Pt,(p-CO),{P- 
(C6H11)3}3] [2.21(3) p\] ' and in [hhl't(p-cC,H,n'le) (CO),- 
(PMe,),(~-C,H,)]+ [2.31(1) 

Addition of PMe3 to the bridging alkylidyne carbon 
atom of [MnPt (p-CC,H,Me-4) (CO) 2(  Phfe,), ( q-C5H5) 1 + to 
give the compound (1) produces significant changes in 

TABLE 1 
ilnalptical and physical data for tlie dimetal complexes 

Compound 
r I 

(1) [ (q-C,H,) (OC) ,Mn{p-C(PMe,) C,H4Me-4}Pt(PRie,,) 2 ]  [BF,] 

Analysis (yo) 
Ib1.p. V ( C O ) ~ /  Yield r-*-, 

(OC/"C) Colour cm-' (%) C H 

1909s, 83 33.0 5.0 I F  oil-60 Dark red 
1811m (34.3) (4.7) 

(2) [(q-C,H,) (OC)zdn{p-C(Pble,Ph)C,H,;Lle-l}bt(PMe,Ph),][BF,] 66-70 Dark red 1817s, 82 45.3 4.5 
1 8 1 3 ~  (45.2) (4.9) 

,-------- - ---1 

( 3 )  [(q-C,H,) (OC),Re(p-C(PMe3) C,H,Me-l)Pt(PMe,) ,] [BF,] 148-150 Yellow 1931s, 80 31.0 4.1 
1860m (31.3) (4.3) 

(4) [ (q-C5H5) (OC) ,Re{p-C (PNIe,Ph) C6H,Me-4)Pt (Phle,Ph) 2] [BF,] 120-1 2 2  Yellow 1930s, 82 42.8 4.7 
1861  (42.3) (4.1) 

( 5 )  [(q-C,H,) (OC) hn{p-C(PMe,) C,H,Me-4] (p-CO) Pt (SC,H,bIe-4) ( PMe3)] 120 Dark orange 1861s, 75 43.8 5.0 
1 730m (44.8) (5.0) 

(6) [(q-C,H,)(OC)~In~p-C(PMe,Ph)C6H4~1e-4}(p-CO)Pt(SC,H,Me-4) (PMe,Ph)] 135- 137 Dark orange 1 880s, 54 51.1 5.0 
1745s (50.4) (4.6) 

I I 
(7) [(q-C,H,) ( 0 ~ ) , R e { p - C ( S C 6 H , ~ e - 4 ) C , H ~ ~ 1 e - 4 } ~ t ( ~ ~ ~ e ~ P h ) , ]  Yellow 1933s, 63 44.7 4.4 

1 848sd (45.4) (4.1) 
Calculated values are given in parentheses. With decomposition. In  dichloromethane. * In  cyclohexane. 

http://dx.doi.org/10.1039/DT9810002471


2473 

TABLE 2 
Phospho~us-31 and 1H n.m.r. data a 

31P (6/p.p.m.) lH (4 
16.3 [d, J(PP) 25, J(PtP) 2 4921, 15.8 [d of d ,  
J(PP) 25 and 4, J(PtP) 3 8191, -16.2 [d, 
J(PP) 4, J(PtP) 651 

7.2 [d, J(PP) 26, J(PtP) 2 4981, 3.7 [d, J(PP) 
26, J(PtP) 3 7781, -13.7 [s, J(PtP) 731 

42.0 [d of d ,  J(PP) 26 and 5, J(PtP) 3 9281, 
37.3 [d of d, J(PP) 26 and 4, J(PtP) 2 6261, 
-40.2 [d of d, J(PP) 5 and 4, J(PtP) 411 

15.2 [d, J(PP) 24, J(PtP) 3 9041, 13.3 [d, 
J(PP) 24, J(PtP) 2 5281, -21.7 [s, J(PtP) 551 

2.6-3.2 (m, 4 H, C,H,), 5.70 (s, 5 H ,  C,H,), 7.80 (s, 3 H,  
PtleC), 8.0-9.1 (m, 27 H, MeP) 

2.5-3.0 (m, 19 H, CBH, and Ph), 5.84 (s, 5 H, C,H,), 7.75 
(s, 3 H, MeC), 8.1-8.7 (m, 18 H, MeP) 

3.1 (m, 4 H, C,H,), 5.13 (s, 5 H,  C,H,), 7.77 (s, 3 H,  MeC), 
8.05 [d, 9 H, MeP, J(PH) 121, 8.29 [d, 9 H,  MeP, J(PH) 9, 
J(PtH) 221 8.36 [d, 9 H, MeP, J(PH) 10, J(PtH) 371 

2.4-3.0 (m, 19 H, C,H, and Ph), 5.17 (s, 5 H,  C,H,), 7.72 
(s, 3 H, CMe), 7.73 [d, 3 H, MeP, J(PH) 111, 7.92 [d, 3 H, 
MeP, J(PH) 111, 8.38 [d, 3 H, MeP, J(PH) 5, J(PtH) 181, 
8.46 [d, 3 H, MeP, J(PH) 5, J(PtH) 181, 8.76 [d, 3 H,  MeP, 
J(PH) 10, J(PtH) 371, 8.96 [d, 3 H, MeP. J(PH) 10, J(PtH) 
3 71 

2.5-3.5 (m, 8 H, C,H,), 5.8 (s, 5 H, C,H,), 7.80 (s, 6 H, 
MeC), 8.22 [d, 9 H,  MeP, J(PH) 121, 8.60 [d, 9 H,  MeP, 

2.8-3.3 (m, 18 H, C,H, and Ph), 5.26 (s, 5 H, C,H,), 7.84 
(s, 6 H, MeC), 8.32-9.2 (m, 12 H, MeP) 

2.50-3.20 (m, 18 H, C,H, and Ph), 5.02 (s, 5 H, C,H,), 7.69 
(s, 3 H, MeC), 7.77 (s, 3 H,  MeC), 8.42 [d, 3 H, MeP, 
J(PH) 8, J(PtH) 221, 8.59 [d, 3 H, MeP, J(PH) 11, J(PtH) 
411, 8.72 [d, 3 H, MeP, J(PH) 8, J(PtH) 221, 9.01 [d, 3 
H, bIeP, J(PH) 11, J(PtH) 411 

12.6 [d, J(PP) 2, J(PtP) 2 9741, -15.8 [d, 
J(PP) 2, J(PtP) 151 

5.9 [s ,  J(PtP) 2 9831, -17.3 (s) 

20.7 [s, J(PtP) 4 1851, 12.8 [s, J(PtP) 2 5851 

JPW 91 

Spectra measured i n  [2HH,]chloroform, coupling constants in Hz. Hydrogen-1 decoupled, chemical shifts in p.p.m. as positive 
to low frcqucncy (high field) of 85% H,PO, (external). 

TABLE 3 

Atomic positional (fractional co-ordinates) parameters for 
complex (1) \ \ T i t 1 1  estimated standard deviations in  
parentheses 

X 

0.164 2( l )  
0.402 6(1) 
0.044 3(2) 
0.008 5(1) 
0.352 8(2) 
0.312 l(5) 
0.295 l(7) 
0.251 7(6) 
0.364 O(6) 
0.350 6(6) 

- 0.067( 1) 
- 0.048( 1) 

0.132(1) 
-0.136 4(7) 

0.027 5(7) 
-0.056 4(8) 

0.491 O(7) 
0.275 O(8) 
0.253 6(7) 
0.326 O(5) 
0.271 6(6) 
0.281 4(6) 
0.341 O(6) 
0.398 O(6) 
0.390 5(6) 
0.348 2(8) 
0.593 8(6) 
0.573 5(7) 
0.535 4(7) 
0.530 5(7) 
0.567 8(6) 
9.729 8(8) 
0.834 3(4) 
0.628 l(5) 
0.708 O(5) 
0.743 l (7)  

Y 
0.087 8 (  1) 
0.039 4(1) 

0.223 8(1) 
0.281 2(1) 
0.217 8(4) 

-0.101 2 ( 2 )  

-0.030 4(6) 
-0.083 4(6) 
-0.053 7(6) 
-0.122 5 ( 5 )  
-0.110 9(9) 
- 0.141 (1) 
-0.252 7(7) 

0.176 2(8) 
0.387 7(6) 
0.252 3(8) 
0.315 O(7) 
0.170 4(7) 
0.435 3(6) 
0.318 9(4) 
0.298 l(5) 
0.390 2(6) 

0.530 l (5)  
0.436 2(5 )  
0.612 8(6) 
0.054 8(7) 

0.5-10 l(5) 

-0.067 9(7) 
-0.042 6(8) 

0.096 8(7) 
0.155 9(6) 
0.566 l(6) 
0.586 6(4) 
0.620 3(5) 
0.438 O(4) 
0.626 3(6) 

z 
0.246 2(l)  
0.243 l(1) 
0.232 O(2) 
0.253 l(1) 
0.392 0(1) 
0.269 3(4) 
0.151 0(5) 
0.076 8(5) 
0.338 5(5) 
0.402 4(5) 
0.323 4(9) 
0.120 2(8) 
0.247(1) 
0.174 3(6) 
0.213 O(7) 
0.373 l (6)  
0.443 8(5) 
0.474 3(5) 
0.414 l(5) 
0.196 6(3) 

0.032 4(4) 
0.055 2(4) 
0.148 O(4) 
0.216 3(4) 
0.019 O(5) 
0.299 9(6) 
0.248 3(7) 
0.154 l(7) 
0.142 3(6) 
0.233 6(6) 
0.301 6(5) 
0.365 6(3) 
0.339 8(4) 
0.283 O(4) 
0.218 3(4) 

0.101 9(4) 

the dimensions of the Mn(p-C)Pt ring system. For the 
former species internuclear separations are Mn-Pt 
2.628(1), Mn-C 1.829(8), and Pt-C 1.967(8) In  (1) 
the corresponding distances are all longer (Table 4), 
especially Mn-C 2.107(5) A. The latter separation 
corresponds closely to that found for various manganese- 
carbon CT bonds.6 These differences are to be expected 
since the cation of (1) contains a dimetallacyclopropane 
ring, whereas its precursor [MnPt (p-CC,H,Me) (CO),- 
(PMe3)2(q-C5H5)] + has a dimetallacyclopropene ring 
with formally a C=Mn bond. 

The P-Pt distances in (1) are close to those measured 
in related structures with Pt (PMe,), groups, those trans 
to the bridging carbon atoms being ca. 0.08 A longer 
than those trans to the metal-metal The 
platinum atom in (1) is in an essentially planar environ- 
ment with respect to P(1), P(2), C, and Mn, since the 
dihedral angle between the planes defined by P(l)P(2)Pt 
and CMnPt is only 7". The plane defined by the atoms 
P(3)CC(41) is almost perpendicular to the dimetalla- 

cyclopropane ring MnCPt (Table 5).  A similar con- 
figuration for the bridging carbon atom arid its four 
ligated atoms has been found in molecules containing 

n 

the group W[p-C(OMe)R]I% (R = Ph or C6H,Me-4). 
However, although this geometry suggests sp3 hybridis- 
ation for the p C  atom the bond angles a t  this atom 
deviate markedly from tetrahedral due to the constraints 
of the ring angle MnCPt of 78.4(2)". 

We have also studied reactions of the salts [MPt(p- 
CC6H,Me-4) (CO) (PR,) (q-C,H,)] [ BF,] with Na[ SC,H,- 
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Bond lengths (A) and angles (”) for complex (1) 

[(-q-C5H5) (OC),Mn{p-C(PMe3)C,H4Me-4}bt(PMe,),][13F4] 
I-- -~ 

( a )  Distances 
Pt-Mn 
Pt-C 

Mn-C( 1) 
Pt-P (1 ) 

g!$/ 
C (4 1)-C(42) 

C (45)-C (46) 
c (43)-C.(44) 

c (44)-c (47) 
P( 1 )-c ( 1 2)  
P(2)-C{ 2 1) 

P(3)-C 

P ( 2)-C ( 2 3) 
P(3)-C(32) 

Mn-C ( 5 2) 
Mn-C (54) 
C( 5 1)-C( 52) 

C( 55)-C( 5 1) 

(b) Angles 
P( 1)-Pt-Mn 

c (53)-c (54) 

P(2)-Pt-P( 1) 
c-Pt-P( 1) 

C( 1)-Pt-P(2) 
C( 1)-Pt-Mn 

C-Mn-Pt 
C (5 1) -M n-C 
C(52)-Mn-C 
C (53)-Mn-Pt 
C (53)-Mn-C (5 1) 
C (54)-Mn-Pt 
C (54)-Mn-C (5 1) 
C (54)-Mn-C (53) 
C (5 5) -Mn-C 
C(55)-Mn-C(52) 
C( 55)-Mn-C( 54) 
C( 1)-Mn-C 
C( 1)-Mn-C(52) 
C( 1)-Mn-C(54) 
C( 2)-Mn-Pt 
C(2)-Mn-C(51) 
C ( 2)-Mn-C ( 53) 
C( 2)-Mn-C(55) 
C (  11)-P( 1)-Pt 
C( 12)-P(1)-C( 11) 
C( 13)-P( 1)-C( 11) 
C( 21)-P( 2)-Pt 
C( 22)-P( 2)-C( 2 1) 
C( 23)-P( 2)-c (2 1) 
C(32)-P(3)-C(3 1) 
c (33)-P( 3)-c (32) 
C-P(3)-C(32) 
Mn-C-Pt 
P( 3)-C-Mn 
C(41)-C-Mn 
Mn-C( 1)-Pt 
O(1)-C( I)-Mn 
C( 42)-C( 41)-c 

C( 44)-C( 43)-c(42) 
c (47)-c (44)-c (43) 

C (  55)-C( 5 1)-c (52) 

c (54)-c (53)-c (52) 

C (46)-C (4 l ) - C  (42) 

C( 46)-C( 45)-C( 44) 
C( 52)-C( 5 1)-Mn 

C( 53)-C( 52)-Mn 
C(52)-C( 53)-Mn 

C( 55)-C( 54)-Mn 
C(51)<(55)-Mn 
C(54)-C(55)-C(51) 
F (3)-B-F ( 1) 
F(4)-B-F( 1) 
F (4)-B-F ( 3) 

2.645( 1) 
2.078 (5) 
2.32 l(2) 
1.775(7) 
1.199(8) 

1.401 (7) 
1.395 (8) 
1.392( 7) 
1.5 16(8) 
1.80(1) 
1.834( 8) 
1.853(8) 
1.803 [ 6) 
1.79 1 ( 5) 
2.157( 7) 
2.165( 7) 
1.42( 1) 
1.45(1) 
1.43(1) 

2.332(7) 

112.8(1) 
94.6(1) 

163.1( 1) 
41.2(2) 

148.1(2) 
50.3(1) 

148.0( 3) 
142.7 (3) 

63.3(3) 
130.0(2) 
64.3( 3) 

86.6(2) 
64.4(3) 

98.8(2) 
110.2(3) 

7 8 .O ( 2 )  
92.6(3) 

1 16.6 (3) 
128.5 (3) 
114.4(3) 
1 0 3 4  5) 
102.5 (6) 
115.7(3) 
100.1 ( 4) 
103.3 (4) 
103.4 (4) 
105.1(4) 
112.1 (3) 

78.4(2) 
114.6(2) 
115.2(3) 
78.9( 2) 

162.0( 7) 
119.8(4) 
115.9(5) 
12 1.5 (5) 
12 1.9 (5) 
1 20.8 (5) 
70.7 (4) 

108.1 (7) 
70.4(4) 
72.2(4) 

110.2( 7) 
7 1.4( 4) 
70.2 (4) 

108.3 (6) 
1 1 1 .O( 6) 
1 10.1 (6) 
1 10.2 (6) 

109.9 ( 2 )  

39.3(3) 

3 7.8 (3) 

93.7(4) 

1111-c 
Pt-P(2) 
icln-c ( 2 )  
C( 2)-O( 2 )  

C(4”)-c (43) 
C(44)-C(45) 

P( 1)-C( 11) 

1’( 3)-c (3 1) 
P( 3)-c (3 3) 

?VIn-C (53) 

c (52)-c (53) 
C(54)-C(55) 

C-C (4  1) 

C(46)-C( 41) 

P( 1)-C( 13) 
P( !)-C( 2 2 )  

&In-C (5 1) 

BIn-C(55) 

B-F (mean) 

P( 2)-P t-MI1 

c-Pt-l’( 2)  
c (1)-Pt-P( 1) 
C( 1)-Pt-C 

C-Pt-Mn 

C (5 1)-Mn-Pt 

C(52)-AIn-C(31) 
C( 53)->In-C 
C ( 53) -hIn-C ( 5 2)  
C (54)-,1.In-C 
C (54)-Mn-C (52) 
C (55)-Mn-Pt 
C(55)-Mn-C(51) 
C ( 55)-Mn-C (53) 
C( I)-Mn-Pt 
c( I)-MI~-C( 51) 
C( 1)-Mn-C( 53) 
C( l)-Mn-C(55) 
c ( 2) -1% 11-c 
C (2)-Mn-C (52) 
C (2)-Mn-C (54) 
C( 2)-3111-C (1) 
C( 12)-P( 1)-Pt 
C( 13)-P( 1)-Pt 
C{ 13)-P( 1)-c ( 12) 
C(22)-P( 2)-Pt 
C( 23)-P(2)--Pt 
c ( 23)-P ( 2)-c ( 2 2) 
c (33)-P (3)-c (3 1 ) 
c-P(3)-C( 3 1) 
C-P(3)-C(33) 
P (3) -C-Pt 
c (41)-C-Pt 
c (4 1)-c-P( 3) 
O (  1)-C( I)-Pt 
0 (2)-C (2)-Mn 

C( 43)-c(42)-c (41) 
c (45)-C( 44)-c (43) 
C(47)-C(44)-C(45) 

c( 52)-hh-Pt 

C (46)-C (4 1 )-C 

C(45)-C(46)-C(43) 
C( 55)-C (5 1)-Mn 
C( 5 1)-C (52)-Mn 

C (54)-C(53)-Mn 
C(53)-C(54)-Mn 

C( 54)-C (55)-Mn 
F(2)-B-F( 1) 
F ( 3)-B-F (2) 
F (4)-B-F ( 2) 

c (53)-c (52)-C( 51) 

c (5 5)-c ( 54)-c ( 53) 

2.107(5) 

1.753( 7) 
1.1 79 ( 8) 

2 .  250( 2 )  

1.49‘3 (6) 
1.393 (8) 
1 .S86 (8) 
1.392 (7) 
1.84(1) 
1.83 1 (9) 
1.820 (6) 
1.829 (7) 
1.824( 6) 
2.158( 7) 
2.1 3 5 ( 7) 
2.172 (6) 
1 .:3 7 ( 1 ) 
1.41( 1) 
I .37( 1) 

132.6(1) 

101.6( 1) 
85.0(2) 

5 1 . 3  ( 1) 

83.9( 2) 
153.8 ( 2 )  
159.9( 2 )  

3 8.5 (3) 

3 7.3 (3) 
10 1 .O(  2)  

140 .O (3) 

64.7 (3) 
135.7 ( 2 )  
:38.6(3) 
63.8(3) 

1 46.3 ( 3) 
83.3 (3) 

130.7 (3) 
102.6 (3) 
86.8 (3) 

151.4(3) 
98.3(4) 

1 19.2 (4) 
114.5(3) 
100.6( 5) 
1 15.1 (2)  
1 16.5( 2 )  
1 04.1 (4) 
103.4(3) 
117.8(3) 
1 1 4.3 ( 3) 

1 18.4 (3) 
113.7(3) 
118.5(5) 
172.6(6) 
1 2 4.3 ( 4) 
12 1.5( 5) 
117.3(5) 
120.8( 5) 
122.8 (5) 
71.2(4) 
70.8 ( 4) 

107.4( 7) 
71.5(4) 
6 9.2 (4) 

106.0(7) 
70.8 (4) 

110.3(5) 
108.2 (6) 
106.9( 6) 

59.9 ( 2) 

112.0(3) 

TABLE 5 

Some least-squares planes for complex (1) in the form 
A x  + By + Cz = D, where x ,  y ,  and z are fractional 
crystal co-ordinates; distances (A) of atoms from the 
planes are given in square brackets 

Plane ( i ) :  Pt, bIn, P(1),  P(2),  C 
-0.279% - 1 . 2 5 9 ~  + 13.8482 = 3.277 

[P t  -0.02, Mn -0.07, P(l) 0.05, P(2) -0.05, 
-1.24, C(2) 1.381 

i’iallc (11): i’t, nin,  c(q, o(i)  
1 . 6 8 8 ~  -t 8.6183, - 7.9102 = -0.916 

jl’t 0.003, Mn 0.01, C( l )  -0.04, 0 (1 )  0.021 
Plane ( i i i ) :  P(3), C, C(41) 

l’lane (iv) : &In, Pt, C 

I’lane (v ) :  Pt, P(l) ,  l’(3) 

,liigles (”) between the planes : 

1 0 . 6 5 2 ~  - 2 . 0 6 6 ~  - 0.7682 = 2.663 

- 0 . 3 7 1 ~  - 2 . 1 8 2 ~  + 13.6962 = 3.135 

- 0 . 1 8 0 ~  - 0.9335~ -+ 13.8652 = 3.301 

(i)  -(ii) 128 (i) -( iii) 
(hi) -( iv) 88 (iv)-( v) 

c 0.10, C(1) 

89 
7 

Me-4; as a possible route to dimetal complexes having 
the as yet unknown p-C(SR)R ligand. Addition of solid 
Na[SC6H,i’vIe-4] to a dichloromethane solution of 

[MnPt (p-CC6H,l\lle-4) (C0),(Phk,),(~-C,H5)] [BF,] at room 
temperature afforded a dark orange crystalline compound 
(5) .  It was immediately obvious from the 31P n.m.r. 
spectrum that (5) did not have the anticipated structure 
with Pt (PMe,), and p-C(SC6H,Me-4)C,H,Me-4 groups 
present. The spectrum (Table 2) showed the presence 
of a Pt(PMe,) group, the value of J(195Pt-31P) being such 
as to indicate that the PMe, ligand was cisoid to the 
Pt-hln bond and transoid to the p-C atom. Moreover, 
the second resonance at  6 -15.8 p.p.m., with J(PtP) 
only 15 Hz, is that of a phosphonium group of the type 
established in (1). This unexpected result suggested the 
structure shown, with the SC,H,Me-4 ligand attached 
to platinum causing a PMe, group to migrate to the 
bridging carbon atom. A compound (6) of evidently 
similar structure was prepared by treating Na[SC,H,Me- 
41 with [MnPt ( p-CC6H,Me-4) (co),( PMe,Ph),(q-C,H,)] - 
[BF,]. The 31P n.m.r. spectrum of this product also 
showed one of its two signals to low field. Both (5) 
and (6) have a band in their i.r. spectra corresponding to 
a bridging CO group. 

In order to confirm the molecular structures of these 
complexes an X-ray diffraction study was carried out on 
(5) for which suitable crystals were available. The 
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TABLE 6 TABLE 7 (continued) 

Atomic positional (fractional co-ordinates) parameters for 
complex (5), with estimated standard deviations in 
parentheses 
.Atom X 3' 2 

Pt 0.001 6(1) 0.310 6(1) 0.000 0 * 

P(1) 
Mn 0.131 6(1) 0.319 3(1) 0.058 6(2) 

0.063 3(1) 0.088 5(  2) 0.084 8(2) 
-0.068 8(1) 0.456 O(2) -0.013 6(2) 

-0.075 8(1) 0.192 7(2) -0.087 2(3) 
y) 
C 0.079 8(4) 0.194 6(6) -0.008 5(11) 

0.133 l (4)  0.277 5(8) 0.202(1) 
0.138 l (4)  0.262 7(7) 0.300 2(7) 

C(2) 0.409 5(8) 0.103 7(8) 
0.482 9(6) 0.158 7(6) 

'(') 0.062 O(4) 
0.047 7(3) 

C(1) 

O(2) 
0.454 2(8) -0.113 9(9) C(11) -0.141 3(5) 

C(13) -0.021 O(6) 0.567 5(9) -0.067(1) 
C(12) -0.108 5 ( 5 )  0.506( 1) 0.118( 1) 

0.025 7(5) -0.022 5(8) 0.016( 1) 
0.005 2(5)  0.118(1) 0.198(1) 

C(d3) 0.136 9(5) 0.032 2(8) 0.156(1) 
0.099 7(4) 0.159 2(7) -0.127 7(8) 

0.099 2(7) -0.353 4(9) 
c(32) 0.166 O(5) 

0.142 9(4) 
0.098 l(5) 0.184 5(8) -0.335 2(9) 

C(21) 
C(22) 

C(31) 

C(34) 
C(35) 

(737) 

C(43) -0.237 l(5) 0.266 3(9) 0.119( 1) 

0.146 3(5) 0.075 2(8) -0.147 9(9) 
C(33) 0.047 7(8) - 0.257( 1) 

0.076 9(5) 0.212 7(8) -0.225 5(8) 
c(36) 0.165 l (6)  0.069 0(9) -0.472 l(8) 

0.210 3(7) -0.027 9(8) C(41) -0.158 4(5) 
C(42) -0.171 6(5) 0.249 7(9) 0.078 0(9) 

C(44) -0.294 l (5)  0.244 2(8) 0.052( 1) 
C(45) -0.282 2(5) 0.199 4(9) -0.057(1) 
C(46) -0.216 3(4) 0.181 2(8) -0.097(1) 
C(47) -0.366 6(5) 0.261 8(9) 0.094( 1) 

0.215 9(5) 0.422( 1) 0.088( 1) 
C (52) 0.323 (1) 0.056 (2) c(51) 0.241 4(5) 
C(5.3) 0.219 6(5) 0.297( 1) -0.052(1) 

0.181 O(5)  0.380( 1) -0.096(1) 
0.178 4(5) 0.457 l(8) -0.008(2) 

(754) 
C(55) 
* Co-ordinate fixed a t  0.000. 

TABLE 7 

Bond lengths (A) and angles (") for (5) [(q-C,H,)(OC)- 

Mn{p-C( PMe,)C6H,Me-4)(t*-CO)i't(SC6H,Me-4) (PMe,)] * 
(a) Distances 

Pt-Mn 
Pt-S 

Mn-C( 1) 
Mn-C (5 1) 
Mn-C( 53) 
Mn-C(55) 

Pt-c (2)  

P( 1)-C( 12) 
P( 2)-c 
P( 2)-c (22) 

C( 1 )-O ( 1) 

c (3 3)-c (34) 

c (34)-c (3 7) 

C(44)-C(45) 

C( 53)-c (54) 

S-C (4 1) 

C( 3 1)-C( 32) 

C( 35)-C (36) 

C (42)-C (43) 

C( 46)-C (4 1) 
C ( 5 1)-C (52) 

C (  55)-C( 51) 

2.6%6( 1) 
2.365( 3) 

1.76(1) 
2.13( 1) 
2.16(1) 
2.13( 1) 
1.83(1) 
1.77(1) 
1.78(1) 
1.766(9) 
1.16( 1) 
1.43(1) 
1.38(2) 
1.39(1) 
1.50(1) 
1.38(1) 
1.4 1 (2) 
1.44( 1) 
1.42( 2) 
1.40( 2) 
1.41(2) 

2.110(9) 

Pt-P( 1) 
Pt-C 
Mn-C 
Mn-C(2) 
Mn-C(52) 
Mn-C (54) 
P( 1)-C( 11) 
P( 1)-C( 13) 
P ( 2)-c ( 2 1) 
P (2)-C (23) 
C-C(31) 
C(2)-0(2) 
C (32)-C (33) 
c (34)-c (35) 
C (36)-C (3 1) 
C (41)-C( 42) 
C( 43)-C( 44) 
C (45)-C (46) 
c ( 44)-c ( 47) 
C( 52)-C (53) 
C(54)-C(55) 

2.3 19( 2) 
2.132( 8 )  
2.047 (9) 
1.859( 9) 
2.1 39 (9) 
2.18(1) 
1.83(1) 
1.82(1) 
1.79(1) 

1.51(2) 
1.17( 1) 
1.37( 2) 
1.41 (1) 
1.40( 1) 
1.36( 1) 
1.39(2) 
1.39( 1) 
1.52( 1) 
1.37 ( 2) 
1 .42 ( 2) 

1.81 (1) 

(b) Angles 
P( 1)-Pt-Mn 123.7(1) P( 2)-Pt-P( 1) 160.9(1) 
S-Pt-Mn 138.9( 1) s-Pt-P( 1) 96.2 (1) 
C-Pt-Mn 49.6( 2) C-Pt-P( I )  168.6(3) 
c-Pt-s 89.4(2) C (2)-Pt-Mn 44.6(2) 

C( 2)-Pt-P( 1) 83.4 (3) C( 2)-Pt-S 170.3 (3) 
C( 2)-Pt-c 92.7(4) C-Mn-Pt 52.5(2) 
C( 1)-Mn-Pt 104.5( 3) 
C( fL)-Mn-Pt 52.8(3) C(2)-Mn-C 103.5(4) 
C( 2)-Mn-C( 1) 86.1(4) C (5 1) -Mn-Pt 144.2( 3) 
C (5 1)-Mn-C 15 7.4 (4) C (5 1 )-Mn-C ( 1) 9 1.4( 5) 
C (5 1 )-Mn-C (2) 97.7 ( 4) C (52) -Mn-Pt 164.1(5) 
C (5 2) -Mn-C 120.2 (4) C (52)-Mn-C ( 1) 90.1(5) 
C( 52)-Mn-C (2) 136.2 (5) C (52)-Mn-C( 5 1) 38.7(5) 

C(53)-Mn-C( 1) 12 1.1 (5) C (53)-Mn-C (2) 145.8 (5) 
C( 53)-Mn-C( 51) 64.2( 5) C (53)-Mn-C ( 52) 3 7.2 (6) 
C (54)-Mn-Pt 103.1(3) C (54)-Mn-C 100.6(5) 
C(54)-Mn-C( 1) 152.4(4) C( 54)-Mn-C( 2) 109.3( 4) 
C (54) -Mn-C ( 5 1) 64.5 ( 5) C (54)-Mn-C (52) 62.8 (5) 
C( 54)-Mn-C (53) 3 7.5 (5) C (55)-Mn-Pt 110.6(3) 
C ( 5 5) -Mn-C 136.0 (6) C( 55)-Mn-C( 1) 126.3 (6) 
C (55)-Mn-C( 2) 84.2 (4) C (55)-Mn-C (5 1) 3 8.5 ( 6) 
C( 55)-Mn-C( 52) 63.4( 5) C(55)-Mn-C(53) 63.4( 5) 

97.7 (5) C( 1)-Mn-C 

C ( 5 3) -Mn-P t 127.1 (3) C (53)-Mn-C 93.5 (4) 

C (55)-Mn-C (54) 3 8.4( 6) C( 1 1)-P( 1)-Pt 1 19.3 (3) 
C( 12)-P( 1)-Pt 1 18.2( 4) C ( 12)-P( 1)-C ( 1 1) 102.2 (4) 
C( 13)-P( 1)-Pt 1 10.7( 4) C( 13)-P( 1)-C ( 1 1) 100.7 (5) 

C(21)-P( 2)-c 114.4(6) C (1 3)-P( 1)-C (1 2) 
C( 22)-P( 2)-c 113.9(6) C (22)-P (2)--C ( 2 1) 103.9 (6) 
C (23)-P( 2)-C C ( 2 3)-P (2)-C ( 2 1 ) 102.2 ( 5) 

109.3 (3) C ( 23)-P( 2)-C ( 2 2) 
Mn-C-Pt 77.8 (3) P( 2)-c-P t 112.2(5) 

115.8(7) P( 2)-C-Mn 
C( 3 1)-c-P( 2) 112.3(6) C (3 1)-C-Mn 

O( 1)-C( 1)-Mn 171 (1) IvIn-C( 2)-Pt 8 2.6 (4) 
0 (2)-C (2)-Pt 13 1.5 (6) 0 (2)-C( 2)-Mn 145.9( 7) 
C (32)-C (3 1)-C 122.7 (8)  C(36)-C(31)-C 121.2(8) 
C (36)-C (3 1)-C (32) 1 2 1.6 (9) 
C (34)-C (33)-C (32) 1 22.7 (9) C (35)-C (34)-C (33) 1 16.6 (9) 
C( 33)-C (34)-C (3 7) 1 2 1.1 (9) 
C (36)-C (35)-C (34) 12 1.6( 9) 
C( 42)-C( 4 1)-S 125.2( 7) C(46)-C( 41)-S 11 7.5( 7) 
C(46)-C(4l)-C(42) 117.3(8) C (43)-C (42)-C (4 1) 1 23.3 (9) 
C(44)-C(43)-C(42) 121(1) C(45)-C(44)-C(43) 117.5(9) 

C( 46)-C( 45)-C(44) 122( 1) C (45)-C( 46)-C (4 1) 1 1 9 ( 1) 
C ( 52)-C ( 52)-Mn 70.9 ( 7) C( 55)-C( 51)-Mn 70.9( 6) 
C( 55)-C( 51)-C(52) 106( 1) C ( 5  1 )-C (52)-Mn 70.4 (6) 

C(52)-C(53)-Mn 70.4(7) C( 54)-C( 53)-Mn 71.9( 7) 
c (54)-C (53)-c (5 2) 1 09 ( 1 ) C(53)-C(54)-Mn 70.6(7) 
C (55)-C (54)-Mn 69 .O( 7) C(55)-C (54)-C (53) 107 (1) 
C ( 5 1 )-C ( 55)-Mn 70.6 ( 8 )  C (54)-C( 55)-Mn 72.6( 6) 

* Methyl hydrogen atoms were refined as rigid methyl groups 
with C(sP3)-H 1.08 a and H-C-H 109.5". Aromatic hydrogen 
atoms were included in calculated positions with C(sp2)-H 1.08A. 

103.3 (6) 

1 16.4( 4) 
104.6( 5) 

1 1 7.1 (6) 
1 17.3 (6) 

C(41)-S-Pt 

c (3 1)-c-Pt 

1 15.9 (9) 

1 22.3 (9) 
1 2 1.5 (9) 

C (33)-C (32)-C (3 1) 

C (3 7)-C (34)-C ( 35) 
C( 35)-C( 36)-C (3 1) 

c (47)-c ( 44) -c ( 43) 1 2 2 ( 1) 

C (53)-C (52)-Mn 72.4( 6) C (  53)-c(52)-c( 51) 1 10( 1) 

C( 47)-C( 44)-C( 45) 121 (1) 

C( 54)-C( 55)-C( 51) 109( 1) 

TABLE 8 
Some least-squares planes for complex (5) in the form 

A x  + By  + Cz = D, where x, y ,  and z are fractional 
crystal co-ordinates; distances (A) of atoms from the 
planes are given in square brackets 

Plane (i) : Pt, Mn, C 
-4 .592~  - 3 . 8 8 0 ~  + 10.7592 = 1.213 

[P(1) -0.37, S -0.13, C(2) 0.461 
Plane (ii): Pt, Mn, C(2), O(2) 

- 3 . 6 4 7 ~  - 7 . 4 9 0 ~  + 9.2022 = -2.334 
[P t  0.00, Mn 0.001, C(2) 0.005, O(2) 0.0021 

Plane (iii): P(2),  C, C(31) 

Plane (iv): Pt, Mn, P(1) ,  S ,  C, C(2) 
1 8 . 7 4 7 ~  - 0 . 1 2 5 ~  + 3.1692 = 1.445 

- 6 . 3 7 0 ~  - 4 . 0 2 1 ~  + 10.3862 = -1.308 
[Pt 0.049, Mn -0.21, P(l) -0.23, S 0.11, C -0.07, C(2) 0.341 

Plane (v):  Pt, S, P(l) 

Angles (") between the planes : 
-7.621% - 2 . 7 1 7 ~  + 10.4332 = -0.856 

(i) -( ii) 162 (i) - (iii) 88 
(i) - (v) 10 (iii)-(iv) 94 
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results are summarised in Tables 6-8, and the molecular 
structure with the atomic numbering scheme is shown 
in Figure 2. I t  will be seen that in (5) a C(Phk,)C,H,Me- 
4 group bridges the manganese-platinum bond, in an 
arrangement similar to that found in (1). The Mn-Pt 
bonds in the two compounds are very similar in length. 
In (5),  howevel, the Pt-p-C separation is significantly 
longer and the Mn-p-C separation shorter than 'the 
corresponding distances in (1). A CO ligand in (5) is 
fully bridging [ MnC (2) 0 (2) 145.9 (7) * , Pt -C (2) 2.1 10 (9) 

FIGURE 2 Crystal structure of complex ( B ) ,  showing the 
atomic numbering scheme 

A] in contrast with tlie semi-bridging CO in (1) jMnC- 
(1)0(1) 162.0(7)" and P-C(l)  2.332(7) A]. Even the 
second CO ligand in (5) shows a greater deviation from 
RhCO linearity than that in (1). 

The Pt atom in (5) is bonded to PMe, and to SC,H,Me- 
4 groups, with the former ligand tvnns to the bridging 
carbon atom [P(l)PtC 168.6(3)"] and the latter cis 
[SPtC 89.4(2)'], as was indicated by the J(PtP) value 
from the 31P n.m.r. spectrum, mentioned above. The 
P(1)-Pt separations in (1) and (5) are the same within 
experimental error. The Pt-S bond in (5) [2.365(3) A] 
is very similar in length to that found in several com- 
plexes containing Pt-SR groups, e.g. trans-[Pt(SPh),- 
(PIBU~~,),] [2.355(8) A],* (E)-[Pt(SPh){C(SO)SPh)(PPh,),] 
[2.379(4) A],9 and [PtC1(SC,F,){C,H4(CH=CH,)NMe2- 
1,211 [2.30-1(4) A].lo In (5) the P t  atom is in an essenti- 
ally planar environment, the dihedral angle between the 
two planes PtSP(1) and PtMnC being only 10". 

The geometry at  the bridging carbon atom in (5) is 
very similar to that in (1). In particular, the plane of 
the dimetallacyclopropane ring in (5) is at 88" to that of 
the plane P(Z)CC(31) ; the corresponding dihedral angle 
in (1) is also 88". The bond angles a t  C in the two 
molecules are very similar (Tables 4 and 7). 

In contrast with the behaviour of the manganese 
salts, the rhenium salt [PtRe(p-CC,H,Me-4) (CO),(PMe,- 
Ph)2(q-C5H5)] [BF,] reacted with Na[SC,H,Me-4] to give 
a compound [PtRe{p-C(SC6H,~~e-4)C6H4Me-4)(CO),- 
(PMe,Ph),(q-C,H,)] (7), in which the toluenethiolate 
group is attached to the bridging carbon atom. Evi- 
dence for this structure is firmly based on the spectro- 

scopic properties. There is no band in the i.r. spectrum 
of (7) corresponding to a bridging CO ligand. Moreover, 
the 31P n.m.r. spectrum (Table 2) establishes the presence 
of a cis-Pt(PMe,Ph), group with the expected 31P-195Pt 
J values. 

Whereas the formation of (7) is readily understand- 
able, since i t  parallels the behaviour of tlie cation 
[Pt Re(p-CC,H,Me-4) ( C0),(PMe2Ph),(q-C,H5)] + towards 
OMe- ion, where attack on the bridging alkylidyne 
carbon atom also occurs, the isolation of complexes with 
structures (5) and (6) is unexpected. There is insuffi- 
cient evidence to establish a mechanism for the syn- 
thesis of (5) and (6), but during the reaction between 
[MnPt(p-CC,H,Me-4) (Co),(YPlfZe,Ph),(rl-CSHs)!CBF4] and 
Nal SC,H,Me-4], bands were observed in the i.r. spectrum 
at  1915 and 1 813 cm-l, which are very similar to those 
observed in the spectrum of (7). This might be con- 
sistent with the presence of an intermediate ihlnPt(p- 
C ( SC,H,Me-4)C,H4Me-4} (CO) ,(l'RIe,Ph),( q-C5H5)] which 
subsequently undergoes cxcliange of €',lIe,Ph and  
SC,H,Me-4 between p-C and  Pt boncled sites. 

B X P E III M E NTAL 

Instrunientation used and experimental techniques 
employed were as described Light petroleum 
refers to that fraction of b.p. 40-60 "C. Analytical data 
and yielcls for the new compounds are given in Table 1 .  

The coiiiples [ M n P t ( p - C ( ( ~ ~ ~ e ) C , ~ ~ 4 ~ ~ e - 4 } ( ~ ~ ) 2 ( ~ ' ~ I ~ , -  
1'11) ,(q-C,H,)], required as a precursor to complexes (2) 
and (6) via the salt [MnPt(p-CC,H,Me-4) (CO) ,(PMe,Ph) ,(q- 
C,H,)] [BF,], was prepared as follows. Bis(cyclo-octa-l,5- 
diene)platinum (0.41 g, 1 mmol) was dissolved in light 
petroleum (40 cm3) saturated with ethylene a t  0 O C ,  and 
PMe,Ph (2 mniol) was added to generate [Pt(C',H,) (P1111e2- 
Ph),] in sitzt. The solution was then treated with [&In(C- 
(OMe)C,H4Me-4)(CO),(q-C5H5)] (0.31 g, 1 mmol), and the 
mixture stirred for 48 11. The precipitate was removed by 
filtration affording yellow micvocrystnls of [MnPt{ p-C(O1Lle)- 
C6H4Me-4}(CO),(PMe2P1i),(~-C,H,)J (0.52 g, 660/),  in  p. 
162-163 "C (Found: C, 49.0; H ,  4.9. C,,H,,MnO,P,I-'t 
requires C, 49.2; H ,  4 8%);  vrl,'au. (CH,Cl,) a t  1 861s and 
1 797s cni-l. The lH n.1ii.r. spectrum (in [2H,]chloroforni) 
showed resonances a t  T 2.39-3.32 (ni, 14 H, C,H, and C,H,), 
5.77 (s, 5 H, C5H5),  6.53 (s, 3 H ,  ORiIe), 7 . 7 1  (s, 3 H ,  Me-4), 
and 8.32-9.32 (in, 12 H ,  XIeP). The ,lP-(lH} n.ni.r. 
spectrum (in [2Hl]chloroform) showed resonances a t  8 6.2 
[d, J(PP) 9, J(PtP) 4 7141 and 11.6 p.p.ni. [d, J(T'P) 9, 
J(PtI') 2 641 Hz]. 

Synthesis of the CornpZexes [nlPt(p-C(PZi,)C,H,nIe-4}- 
(CO),(PR,),(q-C,H,)][BF,] .-(a) -A solution of PMe, (0.023 
g, 0.30 mmol) in light petroleum (10 cni3) was added to the 
salt [MnPt(p-CC,H,Me-4) (CO),(P1\.Ie3) ,(r,-C,H5) j [HF,] (0.22 
g, 0.30 mniol) in dichloromethane ( 1 0  cnl3). The deep red 
solution was stirred (3 h) and then concentrated in V ~ C U O  to 
ca. 3 ~111,. Slow addition of diethy1 ether (10 cm3) afforded 
red crystals of [MnPt(p-C (FXIe,) C,H4D/Ie-4}(CO) 2(PMe,) 2 ( ~ -  

A similar method was used to isolate cvjlstnls of [RInPt{p- 
C(PMe,Ph)C,H,Me-4}(CO)2(PMe,Ph),(~-C5€15)][RF,] (2) 
(0.66 g). For this synthesis the hitherto unreported salt 
[MnPt( p-CC,H,Me-4) (CO),(PMe,Ph) ,(q-C,H,)] [BF,] was 
prepared as oily red nzicrocrystals [i.r. (CH,Cl,), vco (niax.) 

C,H,)l[BF,I ( 1 )  (0.2 g ) .  
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a t  1 995vs and 1 839s cm-l. N.m.r. ([2H2]dichloromethane) : 
31P-{1H}, 6 2.2 and -5.8 p.p.m. [J(PtP) 4 119 and 2 639 

(Cl of C,H,), 139.6, 130 6, 129.3, 128.3, 127.6, 119 (Ph), 
59.5 (C5H5), 20 1 (CH3C6), 12.7, 12.2, 11.6, 11.4, and 11.0 
(Me)  p p ni 1 by treating [MnPt(p-C(OMe)C,H,Me)o,- 
(Pi\le,Ph),(-q-C,H,)] (0 .5  mmol) in acetonitrile (10 cm3) 
with [OMe,][BF4] (2 .5  mmol). 

( b )  Solid [(lMe3][BF4] (0.049 g, 0.33 mmol) was added to  a 
dichloronictliane (20 cm3) solution of [PtRe{p-C(0Me)- 
C,H,31e-4~(CO),(I”le3),(q-C,H,)] (0.24 g, 0.30 mmol), 
and the mixture stirred (2  11) a t  room temperature. After 
filtration the solution was evaporated to afford a red solid 
lvliicli \ \ as  \+~ished with diethyl ether (2 x 5 cm3) and dried 
in P’Ul7240 1 he solid was dissolved in dichloromethane (20 
cm3) and I’hIc, (0 6 mmol) in light petroleum (10 cm3) was 
atld(d Tlic mixture was stirred (1 h) and then filtered. 
’Jhe filtratf. \\’as e\raporated i n  vacuo to ca. 5 cm3. Addition 
o f  tlictli\.l c.tlicr (15 cm3) gave yellow microcrystak of 

Hz]; 13C-(lH), 6 422 [p-C, J(PC) 70 Hz], 226 (CO), 157 

[PtR(q p-( i I~31c,)C,H4Me-4}(CO),(PMe3),(~-C5H5)][BF4] (3) 
(0 22 g )  

’I‘hc. CI )nipouncl [€%Re{ p-C(PMe,Ph)C,H4Me-4)(CO)2- 
(PMe,PJi) 2 (  q-C,H5)][BF4] (4) (0.27 g) was similarly prepared 
by adding I’Me,L’h (0 .3  mmol) to the salt [Ptl&(p-cC,H,Me- 
4) (CO),(Pi\Ie,l’h),(~-C,H,)][BF,] (0 .3  mmnl) in dichloro- 
methanc (30 cm3) 

RefictmPz > of Xa[SC6H,hIe-4] with the Salts [MPt(p- 
CC6H,Mc-4) ((.0),(P123),(q-C5H5)][BF4] (M = Mn OY Re) .-(a) 
A solution ( )f [MnPt(p-CC,H,i\lle-4) (CO) ,( PMe,) ,(q-C,H,)] - 
[HF,] ( 0 . 2  16 g ,  0 304 mniol) in dicliloromethane (20 cm3) 
was treate(1 with solid Na[SC6H,Me-4] (0.088 g, 0.6 mmol). 
Tlie dcep rctl solution was stirred (4 h),  gradually turning 
orange i n  (olour. Solvent was reniovcd in P ~ U C U O  and the 
rcsiducl tl15sc ) l \ - c d  i n  toluene and chromatographed on 
alumina I3lutirm n-ith toluene afforded a single orange-red 
band \\.hicli \vcis collected and concer‘trated an vacuo to ca. 
1 cnio .4ildition of light petroleum afforded dark orange 

crystals of [ (q-C ,H5) (OC) hIn{ p-C( €’Me3) C,H4Me-4>(p-CO) ht- 
(SC,H4nIc-~)(I’5Ie3)] ( 5 )  (0.17 g, 75%). 

A similar nicthod was used to prepare [MnPt(SC,H,Me- 
4){p-C(PRZc.LPh)C‘,H,Me-4](p-CO) (CO) (PMe,Ph) (q-C5H5)] (6). 

( h )  ?’o a siispension of the complex [PtRe{p-C(OMe)C,- 
H 4 ~ ~ e - 4 ~ ( ~ ~ ~ ) ) ~ [ l ’ ~ ~ e , P ~ i ) z ( q - C 5 H 5 ) ]  (0 26 g, 0.3 mmol) in 
methanol f l 0  cm3) was added solid [OMe,j[BF,] (0.48 Q, 

0 33 inmol! The yellow suspension immediately dissolved 
affording a dcep red solution of the salt [PtRe(p-CC,H,Me- 
4) (CO),(PMC,P~)~(~-C,H~)][BF,].~ Solvent was removed 
in V C I C Z C O  and the residue was extracted with CH,Cl, (15 
mi3) and filtered Solid Na[SC,H,Me-4] (0.24 g, 1.5 mmol) 
was atldecl to tlic resulting clear red solution which immedi- 
atclv becaiiie J ellow. Solvent was renioved in VUGUO and 
tlic rcsidiic. was diromatographed on alumina. Elution 
wtli diclil~~roinctliane-hes,zne (1  : 1) afforded a single 
ycllou ban({ I\ liich on concentration and addition of hexane 
affortlcd vvllow crvstnls of [PtRe(p-C(SC,H,Me-4)C6H4Me- 
4) (CO)  2 (  T ’ I I P ~  1’11) ,( q-C5H,)] (7) (0.19 g )  . 

Cry- 
stals u-cre !yo\\ n by slow evaporation of CH,Cl,-MeOH- 
Et,O solutions, and that used for data collection was a thin 
dark red p;irallelcpiped of dimensions 0.63 x 0.20 x 0.08 
nini ’1 )iff r,ic ted intensities were recorded (room temper- 
aturc, 2 9 s 20 < 50’) on a Nicolet P 3  four-circle diffracto- 

* FOI d c t . i i l c  we Xotices to Authors No. 7 ,  J .  Chem. SOC., 
Dalton TYaut.. 1980, Index issue. 

- -  

Cmtstal 5 f J  1 . t ~  trtre Detevtmnatzons --Couapound ( 1 ) .  

meter. Of the total 5447 unique recorded intensities, 
4 845 had IF/ 2 5a(F), where a(F) is the standard deviation 
based on counting statistics, and these were used in the 
final refinement of the structure. Corrections were applied 
for Lorentz and polarisation effects, and for the effects of 
X-ray absorption. Computations were carried out with 
the ‘ SHELX ’ system of programs.ll 

Crystal data. C24H3,BF,Mn0,P3Pt, fi1 = 789.3, Tri- 
clinic, a = 10.877(2), b = 10.230(2), G = 13.917(4) A, 

Hi3, D ,  not measured, 2 = 2, D, = 1.70 g cm 3 ,  F(OO0) == 
776, Mo-K, X-radiation (graphite monochromator), 7, == 

0.710 69 81, ~(Mo-K,) = 49.3 cm-l, space group Pi. 
Crystals were grown by slow cvaporation 

of CH,Cl,-Me,CO solutions, and tha t  used for data collection 
was a dark orange parallelepiped of dimensions 0 15 >: 
0.09 x 0.45 mm. Data were collected a t  room temperature 
for 2.9 < 28 d 55”. Of the total 3 956 unique recorded 
intensities, 2 846 had IF/ 3 5o(F) and only these were used 
in the solution and refinement of the structure. Cor- 
rcctions were applied for Lorentz and polarisation effects 
and for the effects of X-ray absorption. Computations 
were made with the ‘ SHELX ’ system of programs.ll 

Crystal data. C,,H,,MnO,P,PtS, A4 = 749 6, Ortho- 
rhombic, a = l9.482(4), b = 12.827(4), c = 11.649(2) A, 
u = 2 911(1) 813, D, not measured, z = 4, I ) ( ,  = 1.70 q 
cmP3, F(000) = 1480, Mo-K, X-radiation (graphite mono- 
chromator), x = 0.710 69 A, p(No-K,) = 52.1 cni-’, space 
group Pca2,. 

Tlie data for the two 
compounds were treated by similar methods, those for ( 5 )  
being given in square brackets. Structures \\ere solved 
by heavy-atom methods using the ‘ SHELX ’ system l1 
of programs. All atoms, except hydrogens, v <ire locatctl 
by successive electron-density difference synthcses For 
( 5 )  the hydrogen atoms were included a t  positions cal- 
culated for rigid group atoms, and only common temper- 
ature factors for chemically equivalent hydrogen atoms were 
refined. For (1) the hydrogen atoms were not included in 
the refinement. Refinement converged a t  X 0.031 (X’ 
0.034) [R 0.031 (R’ 0.032)], with a mean shift-to-error 
ratio in the final cycle of 0.15 [0.10]. Satisfactory w-eiglit- 
ing schemes were of the form zu-l = 0.901[02(F) +- 
0.001 IF,]2] [0.862{02(F) + 0.001)F,12)] where o ( F )  is tlie 
estimated error based on counting statistics only. Thr: 
final electron-density difference synthesis slio~vcd no 
peaks >1.2 or < -1.2 [> 1.5 or < -1.51 e A-3 Scatter- 
ing factors were from ref. 12 for C, 0, P, and S ,  rcf. 1 3  for 
hydrogen, and ref. 14 for Mn and Pt, including corrections 
for the effects of anomalous dispersion. Obser\rtd and cal- 
culated structure factors, anisotropic teniperat lire factors 
for all non-hydrogen atoms, and hydrogen-atom positional 
parameters for compound (5) are listed in Supplwmentary 
Publication No. SUP 23152 (40 pp.).* 

u = 92.80(2), p = 95.28(2), 7 = 90.08(2)”, c’ = 1540.1(6) 

Compound (5). 

Structure solution and refinement. 
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