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also used to collect the intensity data. The diffractometer was 
run under the control of the NRCCAD software.% Crystal data 
for [Cp2Ti(p-Se)2TiCp]2(p-Se)-0.25(C CH& M, 1OOO.04 daltons; 
triclinic, Pi; X(Mo Kn) = 0.71073 f: = 11.329 (l), b = 12.572 
(l), c = 23.769 (2) A; a = 88.587 (7), 0 = 86.481 (8), y = 89.217 
(7)O; V = 3377.70 A3; 2 = 4; Ddd = 1.97 Mg m-3; F(000) = 1922; 
r(Mo Kn) = 0.99 cm-'. A total of 8799 reflections with a 28 5 
45O were measured by the w-28 scan technique, of which 6237 
were judged as being observed by the criterium that I > 2.5u(O. 

Preliminary positions for the metal and selenium atoms were 
derived by using MULTAN direct  method^.^' The positions of 
these atoms were used in the phasing of a Fourier synthesis, and 
the positions of all non-hydrogen atoms of the [Cp2Ti(p- 
Se),TiCp],(p-Se) unit were obtained by successive Fourier, dif- 
ference Fourier, and partial refinement techniques. The structure 
was refined by standard methods,38 minimizing the function 
CW(AF)~ with a weighting scheme of the form w = 1/(u(m2 + 
kF) with u based on counting statistics. Scattering factors were 
taken from ref 39 and were corrected for both the real and the 
imaginary parts of the anomolous dispersion where appropriate. 
An absorption correction of an empirical naturea was made. The 
hydrogen atoms in the C5H5 rings were included with their 
positions calculated by using sp2 hybridization at the C atom and 
a fixed C-H distance of 0.96 A. The CBH5CH3 molecule was 
disordered in a very complicated fashion, and only the six carbon 
atoms of the ring could be seen in difference Fourier maps. It 
is assumed that the CH3 group is disordered over all six positions. 
This carbon was not included in the final refinement, which used 
anisotropic thermal parameters for the Ti  and Se atoms and 
isotropic for the C atoms. The H atoms were fixed with a C-H 
distance of 0.96 8, and sp2 hybridization at the C atom. 

The total number of parameters was 416; the final R (= 
xAm/Cm) was 0.056, R,(= (Cw(AF)2/Cwfi'/2) was 0.092 and 
the goodness of fit (= xw(AF)2/(number of reflections -number 

(36) LePage, Y.; White, P. S.; Gabe, E. J. Ann. Meeting Am. Cryst. 
Assoc., Hamilton, Ontario, 1986. 

(37) Main, P.; Fiske, S. J.; Hull, S. E.; Lessinger, L.; Germain, G.; 
Declerq, J.-P.; Woolfson, M. M. MULTAN-80, University of York, 1980. 

(38) Gabe, E. J.; Lee, F. L.; LePage, Y. Crystallographic Computing; 
Sheldrick, G. M., Kruger, C., Goddard, R., a s . ;  Clarendon: Oxford, 1985; 
Vol. 3, p 167. 

(39) International Tables for X-ray Crystallography; Kynoch: Bir- 
mingham, 1974; Vol. IV. 

(40) Walker, N.; Stuart, D. Acta Crystallogr., Sect. A: Cryst. Phys., 
Diffr., Theor. Gen. Crystallogr. 1983, A39, 158. 

of parameters)) 1.13. A final difference Fourier had a minimum 
residual intensity of -0.79 e A-3 and a maximum of 1.72 e A-3 in 
the region of the toluene of crystallization. The positional pa- 
rameters for the non-hydrogen atoms of [Cp,Ti(p-Se),TiCp],(p-Se) 
are given in Table VII, the important distances in Table IV, the 
angles in Table V, and the planes in Table VI. Figure 1, which 
was drawn by ORTEP-II,41 gives the numbering scheme. 

Conclusions 
The reactivities of Cp',M(CO), in reaction with H2A or 

NzO lie in the order CP,T~(CO)~ > Cp2Zr(CO)2 > 
CP*,T~(CO)~ > Cp*2Zr(CO)z and H2Se > H2S > HzO 7 
N20. The reactivities are consistent with a mechanism in 
which initial loss of CO from Cp',M(CO), is assisted by 
protonation. The primary product of the reactions is 
[ Cp',M(p-A)], unless steric factors prevent formation of 
this dimer, in which case the primary product is Cp',M- 
(AH),. For [Cp2Ti(p-Se)12 further reaction with H2Se gives 
[Cp2Ti(p-Se)2TiCp]2(p-Se) which is an intermediate in the 
formation of the clusters [CpTi],Se,. 
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American Chemical Society, for financial support of this 
work. 
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C-F Bond Activation and Vicinal Defluorinatlon by 
(OC),Mn- 

and alkenes (Do(CH2=CH-F) = 118.7 kcal are 
associated with the low reactivity of these compounds 
under various conditions. For examde, a number of or- 

Mlchael T. Jones and Rlchard N. McDonald" 
Department of Chemistry, Kansas State University 
Manhattan, Kansas 66506 

ganomeuic d10 Ni(O), Pd(O), and PtCO) complexes readily 
react with vinyl halides to yield oxidation adducts via their 
7r-complexes3 (eq 1)4 with the oxidative insertion occurring 

L,Pt(CF2=CFBr) - cis-L2Pt(Br)(CF=CF2) (1) 
Received February 2, 1988 

L = Ph3As 
Summary: C-F bond activation and vicinal defluorination 
of F,C=CF,, F2C=CHF, FCH=CHF, and F,CCF, were 

exclusively in the non-CF bond. In the vicinal dehalo- 

accomplished in the gas phase by reactions with (OC),- 
Mn-. The product ions were shown to have the general (1) McMillen, D. F.; Golden, D. M. Annu. Reu. Phys. Chem. 1982,33, 

(2) Egger, K. W.; Cocks, A. T. Helu. Chim. Acta 1973,56, 1516. 
(3) Kochi, J. K. Organometallic Mechanisms and Catalysis; Academ- 

(4) Burgess, J.; Hunt, M. M.; Kemmitt, R. D. W. J. Organomet. Chem. 

493. 
structure F,Mn(XC,Y)- where X and Y are F or H. 

ic: New York, 1978; Chapter 7. The large dissociation energies of C-F bonds in fluori- 
nated alkanes (Do(CF3CF2-F) = 126.8 f 1.8 kcal mo1-l)' 
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1977,134, 131. 
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genations of vic-dihaloalkanes and -alkenes to olefins and 
alkynes, respectively, the conversions are not useful with 
vic-difluoride~.~ Any reagent which will effect oxidative 
insertion into C-F bonds must overcome this thermody- 
namic stability by producing strong new bonds to fluorine 
and carbon for a net exothermic reaction.6 We wish to 
report preliminary results which demonstrate that in the 
gas phase (OQ3Mn- effects the unique vicinal defluori- 
nation of the fluorinated alkenes C2F4, C2HF3, and 1,2- 
CzHzF2 and the perfluoroalkane CzF6 to yield the metal 
complex negative ions with the general structure of 
FzMn(XC2Y)- where X and Y are F or H. 

Our studies are carried out in a previously described 
flowing afterglow (FA) apparatus.' The method for gen- 
erating a mixture of (OC),Mn- (m/z  195), (OC),Mn- (m/z  
167), and (O(J3Mn- (m/z  139) by dissociative electron 
attachment to Mnz(CO)lo using energetic electrons has 
been reported.8 While (OC)5Mn- did not react with the 
above fluorinated ethylenes or ethane (k < cm3 
molecule-' s-'), (OC),Mn- reacted slowly with C2F4 (k = 
1.3 X cm3 molecule-' s-') yielding the adduct and 
(adduct-CO) product negative ions (eq 2)."" However, 

Communications 

0.51 
(OC),Mn- + CzF4 H, (OC)4Mn(CzF,)- 
m / z  167 m/z 267 

(2a) 

0.49 
(OQ4Mn- + CzF4 - (OC)3Mn(CzF4)- + CO (2b) 
m / z  167 m / z  239 

when F2C=CF2 was added to a flow containing (OC)3Mn-, 
we observed a rapid decay of the m / z  139 ion signal (k = 
1.2 X cm3 molecule-' s-') with exclusive formation of 
the (adduct-3CO) product anion at  m/z  155 (eq 3). With 

(OCJ3Mn- + FzC=CFz - Mn(C,F,)- + 3CO (3) 
m / z  139 m / z  155 

F,C=CHF (k = 4.5 X lO-'O cm3 molecule-' s-') and FH- 
C=CHF (cis/trans mixture, PCR/SCM Chemicals) (k = 
8.2 X cm3 molecule-' s-') as the neutral reactants, the 
corresponding (adduct-3CO) product anions at  m / z  137 
and 119, respectively, were also exclusively generated (eq 
4 and 5). 

(OQ3Mn- + F,C=CHF - Mn(CzHF3)- + 3CO (4) 
m/z 139 m/z 137 

(5) 

This reaction type was extended to the perfluoroalkane 
Since the 

(OQ3Mn- + FHC=CHF - Mn(CzHzFz)- + 3CO 
m / z  139 m/z  119 

CF3CF3 and the results are shown in eq 6. 

(5) (a) March, J. Aduanced Organic Chemistry, 3rd ed.; Wiley: New 
York, 1985. (b) Ben-Efraim, D. A. In The Chemistry of the Carbon- 
Carbon Triple Bond, Patai, S., Ed.; Wiley: New York, 1978; Part 2, 
Chanter 18. 

(6) Richmond et al. (Richmond, T. G.; Osterberg, C. E.; Arif, A. M. J. 
Am. Chem. SOC. 1987,109, 8091) recently reported the intramolecular 
oxidative insertion of W into an aryl C-F bond in a W(0) complex. 

(7) (a) McDonald, R. N.; Chowdhury, A. K. J. Am. Chem. SOC. 1986, 
107, 4123. (b) McDonald, R. N.; Chowdhury, A. K.; Setser, D. W. Ibid. 
1980, 102, 6491. 

(8) McDonald, R. N.; Chowdhury, A. K.; Jones, M. T. J .  Am. Chem. 
SOC. 1986, 108, 3105. 

(9) The neutral producta of ion-molecule reactions are assigned on the 
basis of mass balance and thermochemistry since they are not directly 
observed. 

(10) Observation of a total adduct is assumed to require collisional 
stabilization of the initially formed excited adduct with the helium buffer 
gas to remove the excess energy. The flow parameters = 0.7 Torr 
and ir = 58 mol 8-l) used in generating (OC),,Mn- cannot be significantly 
varied to determine PHe effects on product distributions. 

(11) The slow reaction of (OC),Mn- with C 9 ,  forming the adduct and 
(adduct-CO) in eq 2 is similar to the results of C2F, reacting with the 
complexes (OC)Fe(N0)2"-, (OC)2Co(NO)'-, and (q3-C3H6)Co(C0)2*-; 
Schell, P. L. Ph.D. Thesis, Kansas State University, 1986. 

(OC),Mn- + CF3CF3 - Mn(C2F4)- + 2CO + COFz (6) 
m/z 139 m / z  155 

reductive elimination of F2 from an intermediate complex 
is unlikely to be exothermic, we suggest that COF2 is an 
expelled n e ~ t r a l . ~ J ~  Although the rate constant for this 
reaction (k = 9.9 X cm3 molecule-' s-') was more than 
2 orders of magnitude less than the rate constants mea- 
sured with the fluoroethylenes, the exclusive product anion 
at  m / z  155 was believed to be the same ion formed in eq 
3. The considerably slower reaction with C2F6 implies that 
the fast reactions of the 14-electron (OC)3Mn- with the 
fluorinated alkenes occur by initial rr-coordination. 

This process of trisdecarbonylation was new in our ex- 
perience with the ion-molecule chemistry of (OC)3Mn-. 
8~13-15 The kinetic and product results of the reactions with 
the fluorinated ethylenes require a large reaction exo- 
thermicity. It is, therefore, most unlikely that the product 
ions of reactions 3-5 are simple r-complexes which may 
be the process occurring in eq 2. To determine the 
structures of these (adduct-3CO) product ions in eq 3-5, 
the further ion-molecule reactions of the m/z  155,137, and 
119 anions with SOz were carried out (eq 7-9, with the 

Mn(C2F4)- + SOz y 0.94 (OzS)Mn(C2F4)- 

m/z 155 m/z  219 
0.06 

Mn(C2F4)- + SO2 - (02S)MnFz- + C2F2 
mlz 155 m / z  157 

Mn(C2HF3)- + SO2 (O2S)Mn(CZHF3)- 
mlz 137 m / z  201 

0.73 
Mn(CzHF3)- + SOz - (02S)MnF2- + CzHF 

m/z  137 m / z  157 

Mn(C2HzFz)- + SOz - (02S)MnF2- + CZHZ 
m/z  119 m / z  157 

nature of the bonding to the C2FXH4-, ( x  = 2-4) unit un- 
specified).'O In all three of these reactions, we observe 
formation of a fragmented product negative ion at m/z 157 
which is the result of ejection of the corresponding acet- 
ylene molecule, C2F2, C2HF, and C2H2, respectively, from 
the initially formed excited a d d u ~ t s . ~  

The results of the ion-molecule reaction induced de- 
compositions of the three (adduct-3CO) product anions 
with SO2 strongly suggest that the structures of these ions 
at  m / z  155, 137, and 119 are of the general form F2Mn- 
(XCzY)- (1) where X and Y are F or H. The increases in 

1 

the branching fractions for the ligand substitution process 
in eq 7b, 8b, and 9 suggest that the relative binding en- 
ergies of the acetylenes in these complex negative ions is 
C2F2 > C2HF > C2H2. The absence of further reaction of 
the product ions at  m / z  155,137, and 119 in eq 3-5 with 
the excess fluorinated alkenes present or with higher 

(12) Cox, J. D.; Pilcher, G. Thermochemistry of Organic and Or- 
ganometallic Compounds; Academic: New York, 1970. AHfa(COF2) = 
-152.95 k 0.25 kcal mol-' and AHHfO(C0) = -26.42 k 0.04 kcal mol-'. 

(13) McDonald, R. N.; Jones, M. T. J. Am. Chem. SOC. 1986,108,8097. 
(14) McDonald, R. N.; Jones, M. T. Organometallics 1987, 6, 1991. 
(15) Jones, M. T. Ph.D. Thesis, Kansas State University, 1987. 
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concentrations of the olefin substrate added to the flow 
suggests that the fluoride and acetylene ligands serve as 
multielectron donors with 16- or 18-electron configurations 
at  Mn in these complexes. 

We speculate that the reactions of the 14-electron com- 
plex (OQ3Mn- with the fluorinated olefins occur by initial 
r-coordination yielding the excited 16-electron adducts 
[(CO)3Mn(~-C,F,H4-x)-]* (2) where x = 2-4. The major 
difference in the adduct 2 ( x  = 4) and the product ion at 
mlz 239 in reaction 2b is the larger internal energy in 2. 
This could result in (a) C-F bond activation in 2 which 
proceeds to give F2Mn(C2FJ- or (b) CO ligand loss yielding 
an intermediate 14-electron complex negative ion which 
ultimately forms the product. In spite of these uncer- 
tainties, the oxidative insertions into the two uic-CF bonds 
must be sufficiently exothermic to effect loss of the two 
or three CO ligands yielding the product ions 1. Experi- 
ments designed to clarify the mechanism and to determine 
the generality of vicinal dehalogenation with different 
halides and metal complex negative ions are underway. 

Acknowledgment. We wish to thank the donors the 
Petroleum Research Fund, administered by the American 
Chemical Society, and the National Science Foundation 
for support of this research. 
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Bonds. Formation of an Alkenedlthlocarboxyiate 
Llgand 

M. Rosario Torres,la~b Aurea Perales,lb and 
Josep Res"' 
Departament de Qdmica 
Universitat Aut6noma de Barcelona 
08 193 Bellaterra, Barcelona, Spain, and 
UEI de Cristalograh 
Instituto de Qdmica Fkca  "Rocasolano " 
CSIC, Ci, Serrano, 119 28006 Madrid, Spain 

Received November 4, 1987 

Summary: CS, reacts with complexes Ru(CO)CI(HC= 
CHRMPPh,), (R = Ph or t-Bu) to give products Ru(C0)- 
Cl(S,C(H)C=CHR)(PPh,), (R = Ph (1) and t-Bu (2)). The 
insertion products contain an alkenedithiocarboxylate lig- 
and coordinated through two sulfur atoms. The structure 
of 1 has been established by an X-ray diffraction study. 

Insertion of carbon disulfide into transition-metal-hy- 
drogen2 and -phosphorus bonds3 are common, leading to 
formation of dithioformate and phosphoniodithio- 
carboxylate ligands. Metal-carbon bonds are less reactive 
toward this molecule, but in some cases a coupling between 
carbon disulfide and an alkyl ligand is ~bserved .~  In 
general, the coordination chemistry of carbon disulfide 
provides an attractive entry into the chemistry of sulfur- 
containing coordinated  ligand^.^^^ 

Recently we have shown that Ru(CO)ClH(PPh& reacts 
with nonactivated alkynes to give unsaturated, five-coor- 

(1) (a) JJniversitat Autbnoma de Barcelona. (b) Instituto de 

(2) Robinson, S. D.; Sahajpal, A. Inorg. Chem. 1977, 16, 2718. 
(3) Gaffney, T. R.; Ibera, J. A. Inorg. Chem. 1982,21, 2062. 
(4) Otto, H.; Werner, H. Chem. Ber. 1987, 120, 97. 
(5) Werner, H.; Kolb, 0.; Feser, R.; Schubert, U. J. Organomet. Chem. 

(6) Butler, I. S. Acc. Chem. Res. 1977, 10, 359. 

Quimica-Fisica Rocasolano, CSIC. 

igao , ig i ,  283. 

LLL p\ ClOl 
L L121 

Figure 1. Molecular structure of compound 1 showing the atomic 
numbering scheme (phenyl groups are omitted for clarity). Se- 
lected bond distances (A): Ru-P(l) = 2.43 (2), Ru-P(2) = 2.39 

RuC(1) = 1.81,0(1)-C(l) = 1.02, S(l)-C(2) = 1.65 (4), S(2)-C(2) 
= 1.83 (5), C(2)-C(3) = 1.56, C(3)-C(4) = 1.25. Selected angles 

(2), Ru-Cl = 2.47 (2), Ru-S(l) = 2.52 (2), Ru-S(2) = 2.35 (2), 

(deg): S(l)-Ru-S(2) = 72.4 (7), Cl-RuC(1) = 170.6, P(l)-Ru-S(2) 
= 154.5 (7), P(2)-Ru-S(1) = 169.2 (6), P(l)-Ru-P(2) = 108.3 (6). 

dinated alkenyl complexes of type Ru(CO)Cl(R'C= 
CHR)(PPh&.' When R' = H, dimethyl acetylenedi- 
carboxylate inserts into the ruthenium-alkenyl a bond to 
give complexes that contain a butadienyl ligand with a 
subsequent additional coordination through a ketonic 
oxygen atom of one methyl carboxylate g r o u ~ . ~  This type 
of coordination was also observed in insertion reactions 
of activated mono- and disubstituted acetylenes into Ru- 
(CO)C1H(PPh3),.Q These previous results suggest that the 
ruthenium-alkenyl u bond is very reactive toward unsat- 
urated molecules other than alkynes, possibly also toward 
CS2. Indeed, alkenyl complexes Ru(CO)Cl(HC=CHR)- 
(PPh3), react with carbon disulfide to form complexes of 
type Ru(CO)Cl(S,CCH=CHR)(PPh,), which contain a 
vinyldithiocarboxylate ligand coordinated through two 
sulfur atoms (eq 1). 

0 H DDh ?. 

PPh3 = C I  

R: Ph 1 or B u t  2 
M N 

In a typical reaction, Ru(CO)Cl(HC=CHR) (PPh3), (R 
= Ph or t-Bu) and slight excess of carbon disulfide were 
heated at reflux in dichloromethane for 2 days under an 
atmosphere of nitrogen. After concentration, a solid 
precipitated on addition of Et,O. Recrystallization from 
CH2C1,/MeOH gave orange crystals of 1 (R = Ph) or 
yellow crystals of 2 (R = t-Bu).lO The IR spectra of the 
products exhibit one terminal carbonyl stretching vibration 
and one band at  955 and 971 cm-l, respectively, charac- 
teristic of u(CS) in chelating dithiocarboxylate 1igands.l' 
The 'H NMR spectra show two doublets expected for 
monosubstituted alkenyl groups not bonded to the metal 
with two hydrogens in trans configuration (J = 15.5 Hz 
for 1 and 16 Hz for 2). 

(7) Torres, M. R.; Vegas, A.; Santos, A.; Ros, J. J .  Organomet. Chem. 
1986, 309, 169. 

(8) Torres, M. R.; Vegas, A.; Santos, A.; Ros, J. J. Organomet. Chem. 
1987, 326,413. 

(9) Torres, M. R.; Santos, A.; Ros, J.; Solans, X. Organometallics 1987, 
6, 1091. 

(10) For 1: IR (KBr) v(C0) 1940, u(CS) 955 cm-'; IH NMR (CDC13) 
7.6-7.3 (Ph + H), 6.9 (d, J = 15.5 Hz, H) ppm. Anal. Calcd for 
C4BH37RuOC1S2P2: C, 63.62; H, 4.26. Found C, 63.40; H,  4.43. For 2: 
IR (KBr) v(C0) 1943, v(CS) 971 cm-'; 'H NMR (CDCI3) 7.5-7.0 (C6H5), 
6.7 (d, J = 16 Hz, H), 6.2 (d, J = 16 Hz, H), 1.0 (s, t-Bu) ppm. Anal. 
Calcd for C42H41RuOC1S2P2: C, 61.19; H, 4.98. Found: C, 60.93; H, 5.01. 

(11) Werner, H.; Bertleff, W. Chem. Ber. 1980, 113, 267. 
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