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SUMMARY 

Metallofluorene complexes (or-C,H,)M(CO)(C,,H,) (IVa)-(IVc) and (z- 
C,H,)M(CO)(C,,F,) (lVd)-(IVr) (M=Co, Rh and Ir) have been prepared from 
reactions of the appropriate (z-cyclopentadienyl)carbonylmetal diiodides with 
2,2’-dilithiobiphenyl (IIa) and 2,2’-dilithiooctailuorobiphenyl (IIb), respectively. 
The triphenylphosphine substitution reactions of cobalt compounds (IVa) and 
(lVd) have also been studied. Reactions of (Ha) and (IIb) with norbomadieneplatinum 
dichloride result in the preparation of metallocyclic platinum compounds (.JL-C,H~)- 
Pt(&HB) and (nC7Hs)~(C12Fs). A reaction of (Ilb) with ticonocene dichloride 
produces (z-C5H5),Zr(C,,F,), the first example of a zirconium-containing metall* 
fluorene. 

RESULTS AND DISCUSSION 

Although metallofluorene complexes * of structure (I) are known for a 
variety of Main Group elements I- l l. the synthesis and properties of analogs in the 
Transition Metal series has been iiniited to several derivatives of titanium and haf- 

R R 

R 

(11 

l To whom all wrrspondence should be addrsed 
* Cornpan+ with the atrumre (I) are caned diimetalloles The nomenclature adopted for the 

metaUocyclopentadienes is thus made directly applicable to these systems~ by s&ply noting the presence of 
the two faied benzene kqijs with a diknz(o)-prck T& cunvcntion xias rao rnmmdmj by Chemical 
AbsfrucCs iu 1958 to descrii the lkst meinbcr of this class of compounds. 5.5-diphe71yldii~ol~ 
pr&+ by a.and Gomicl+=. _ 
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we- now report the formation of a series of such compounds (IVa)-(IVf) 
containing cabals rhodium or iridium in the metahocyclic ring by allowing a diauion 
of Type (II) to react with a suitable organometallic diiodide (IIIa)-(111~). 

+@x + ozF 
X Li LI X 

I 

(Ha), X =H 
(Ilb),X=F 

(IIIa). M = Co 
(IIIb), M =Rh 
(IIIc), M = Ir 

(lVa), M=Co,X=H 
(IL%), M=Rb,X=H 
(IVc), M=Ir, X=H 
(IVd), M=Co,X=F 
(IVe), M=Rh,X=F 
(lVf), M=Ir,X=F 

The isolation of complexes (IVa)-(Nc) was effected in yields of 31x, 3 % and 
O-40/, respectively, when (IIa) was used as the dilithium reagent in reactions with 
compounds (IIIa)-(III+ All three complexes were isolated as lightly colored, air 
stable solids, although (IVa) was found to be moderately air sensitive while in solu- 
tion Compounds (IVd)-(IVf) were prepared by the reactions of dianion (IIb) with 
diiodides (IIIa)-(IIIc). Complex (IVd), unlike (IVa), was found to be remarkably 
stable to the air both in solution and in the solid state. The same marked decrease in 
yields observed in preparations of compounds (IVa)-(IVc) in comparing the Co, Rh 
and Ir reactions was also noted iu this second set of reactions, where the yields were 
observed as 49 “/, 20”/, and 4 % for compounds (IVd j(IV& We have also noted 
a similiar variation of yields uersus central metal atom in studies of reactions of the 
triphenylphosphine substitution products of compounds (IIIa)-(1%) with the 
dianion formed by the interaction between diphenylacetylene and lithiumll 

Selected lR and NMR spectral data for complexes (lVa)-(IVr) are summarized 
in Table I. A comparison of the NMR spectra of these compounds indiates that 
unlike the (z-C,H,)M(CO), complexes (M = CoS I& and Ir), where the deshielding 
of the T&H, protons is similiar to that seen in the ferrocene, ruthenocene and 
osmocene series I’, the metallocyclic compounds (IVa)-(IVI) are observed to follow 
a mom varied pattern. Both rhodiumcontaining metallofluorene compounds 
isolated, (IVb) and (IVe), show decreas ed shielding of the x-C,H5 ring protons 
relative to the cobalt compounds (IVa) and (lVd), respectively. However, while this 
deshielding is of the same order and magnitude observed in the iron-group metal- 
locene spectral comparisow the differences resulting from changing the metal from 
rhodium to iridium show opposite shielding effects for the two new iridicycles. 
Further conclusions based on these observations must await data on the relative 
reactivities of compounds (lVa)-(lVf). 
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TABLE 1 

Compowd v(W 
(Lnr’)~ 

b-GH,YXCOL 2037.1%~~ 434 

WWWGO), 2051.1987U 4.56 

(=C,Hs)WCO), 2037.19+ 4.45 

(=GH,)Co(CO)I, 2076’ 432 I 
(~-‘=,H~l~KO)I, 2O91f 3.95 

kWWr(CO)I, 2070’ 4.00 

W,H,IWCOK,W 2032’ 4.83 

(=C,WWCOK,HJ 205w 4-42 

(K-C,H,)lr(CO)(C,,H,) ‘ 453 

@-C,H,)WCOW,,F,) 206w 4.47 
b-GH,NWW(C,zFJ 2075’ 4.15 

(x-CSHI)Ir(COl(C,,F,) 2053’ 4.10 , 

m Calibrated versus polysryrcnc. b Taken in CDCI,. = Calibrated wing sideband tshnique d Ref 15. 

c Ret 16. I Taken in mcthylcnc chloride. n Taken in carbon tehchloride. b Insticient sample available 
for mauremcnt 

Schu&er-Wolden and Basolo I5 have reported on the’ variation of carbonyl 
stretching frequencies of the (rr-C,H,)M(CO), compounds (M=Co, Rh and Ir) 
with a change of the central metal atom, and have correlated their data with kinetic 
studies of the reaction (rt-C,H,)M(CO), + PPh, - (zt-C,H,)M(CO)(PPh,). We 
lind that the carbonyl stretching frequencies of our two new series of metallofluorenes 
follow this same trend, where the two rhodium complexes are observed to exhibit 
a CO stretch in solution which is higher than that observed for either the cobalt or 
iridium complexes. Triphenylphosphine substitution reactions have been carried out 
on compounds (IVa) and (IVd) with formation of complexes (Va) and (Vb), however, 
similiar reactions involving the rhodium and iridium analogues were not studied 
owing to lack of sample_ 

Cl5Za) 
+ PP% - 

US331 
’ 

[Pa),X= H 

(PbI, X = F 

Dianions (IIa) and (IIb) have also proved useful in the preparation of metallo- 
fluorene derivatives of several other metals in the transition series. When (IIa) or 
(Ilb) are caused to react with norbomadieneplatinum dichloride (VI), platina- 
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fluorene complexes (VI$ and- (VIIb) are produced in yields of 10% and 3.6 Y, 
respectively. 

Ulal 

tlIb) 
+ 

& 
-xj--&-x 

X X 

(SZlIaJ X=H 

(IZlIbl X=F 

A similar reaction of (IJh) with zirconocene dichloride (VIIIa) has resulted in 
the isolation of compound (IXa). Although Braye et al.” have previously reported 
the preparation of zirconacycle w), complex (JXa) is, to our knowledge, the first 
example of a zirconium-containing metallofluorene_ The hafnium analogue of 

(ma), metallocycle (IXb), has been prepared and described in a previous paper13, 
F 

(IIb) + 

~01. M=Zr 
mb),M=Hf 

I+ 
(Iga).M=Zr 
(=b).M=Hf 

and it is interesting to note that zirconium compound (IXa) is found to be more 
susceptible to hydrolysis than (IXb). Like the hafmum analogue, however, (IXa) 
is found to be more hydrolytically stable than its c-bonded sister, compound (XI)ig. 

Ph 
Ph 

a- 

3: Ph 

Ph 
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On storage under nitrogen at room temperature for a period of two months, 
white crystals were observed to form on the walls of the sample vial containing 
compound (ma). These crystals were separated mechanically and identikd by a 
melting point determination as octafluorobiphenyl, m.p. 8U’ (lk20 79-g@). 

EXPERlMEIiTAL 

All operations, including column chromatography, were carried out under a 
protective dry nitrogen atmosphere using Schlenk tube techniques Hexane and 
benzene were dried over calcium hydride and distilled before use. Ethyl ether was 
distilled from sodiumfienzophenone, while tetrahydrofuran (THF) was predried 
over potassium hydroxide and distilled fkom sodium-naphthalene. 2,2’-Dlbromo- 
biphenylZ1 and 2,2’-dibromooctafluorobipheny120 were prepared by published 
procedure& as were x-cyclopentadienylcobalt carbonyl diiodide (IIIa)‘“, x-cyclo- 
pentadienylrhodium carbonyl diiodide (IIIb)z2, z-cyclopentadienyldicarbonylki- 
dium24m’6 and norbomadieneplatinum dichloride23. Zirconocene dichloride was 
obtained‘hom Arapahoe Chemicals. CAMAG neutral alumina was used for column 
chromatogmphy after heating under vacuum for 3-4 days to remove residual oxygen 
and water and subsequent deactivation of the alumina with 5 ok (by weight) of nitrogen- 
saturated distilled water. Preparative TLC plates were prepared horn CAMAG 
Silica Gel for TLC (5 % CaSO, and W indicator) and weIie 20 x 20 cm in dimension 
with an absorbent thickness of 12 mm. NMR and solution lR spectra were obtained 
on Varian A-60 and Perti-Elmer 237B instruments, respectively. IR spectra on 
KBr pellets were taken on a Beckman IR-10. Microanalyses were performed by the 
Microanalytic Laboratory, Office ofResearch S&kes, University of Massachusetts, 
Amhers& Massachusetts. 

Preparation of 2,2’-dilithiobiphenyl (IIu)~~ 
2,2’-Dilithiobiphenyl was prepared by the dropwise addition of 12 ml of a 

238 M hexane solution of n-butyllithium (28 mmol) to a stirred solution of 4-O g 
of 2,2’-dibromobiphenyl(12.8 mmol) in 40 ml of ethyl ether at 0”. After the addition 
was complete (15 min) the cooling bath was removed and the reaction mixture 
allowed to warm to room temperature and stir for 5 h. This solution was then used 
immediately in further reactions with the n-cyclopentadienylmetal carbonyl diiodides 
(IIIa)-(IIIc). 

Preparation of 2,2’-dilithiooctafluorobiphenyl (IIb)’ 
2,2’-Dilithiooctafluorobiphenyl was prepared at -78’ by the dropwise 

addition of 42 ml of a 238 M hexane solution of n-butyllithium (10 mmol) to a 
stirred solution of 228 g of 2,2’-dibromooctafluorobiphenyl (5 mmol) in 40 ml of 
ethyl ether. After the addition was complete (15 min) the reaction mixture was stirred 
for 1 h at -78” and then used immediately in subsequent reactions with the IL- 
cyclopentadienylmetal carbonyl diiodides (IIIa)-(Ilk). 

Preparation of x-cyclopentadienyliridium c&l&y1 diiodide (IIIc) 
Using a 50 ml round-bottom llask which had been previously flushed with 

nitrogen, a solution of 0.5 g (z-C,H,)Ir(CO), 24 (1.6 mmol) in 5 ml ethyl ether was 



184 S_ A GARDNERq H. B. GORDON, M. D. RAUSCH 

added dropwise to a solution of 0.41 g iodine (1.6 mmol) in 20 ml ethyl ether. The 
solution slowly turned a lighter red with gas evolution and formation of a red preci- 
pitate. The reaction mixture was stirred at room temperature for 18 h, filtered, washed 
weIl with methylene chloride and dried, yielding 0.745 g (87 “/o) (z-C,HS)lr(CO)I, 
as a red solid (Found: C, 13.17; H, 0.80; L 47.00; Ir, 35.48; 0, 3.00. C,H,I,lrO 
c&d. : C, 13.37 ; l-I, 0.93 ; 1, 47.08 ; Ir, 35.65 ; 0, 2.97 %)_ The molecular weight by 
mass spectrometry was 538-540 (c&d 538-540 for iridium isotopes 191 and 193). 
An lR spectrum (KBr) exhibited the following major peaks: 207Os, 141Om. 1OOOm. 
865m cm- r. The NMR spectrum in CDCl, consisted of a singlet at r 4.00. 

Preparation of5-(~-cyclopenrudienyl)-5-cu~~o~y~i~e~zoco~uf~o& (Wu) 
Aslurry of514g(a-C,H,)Co(CO)II (IIIa)(l2 mmol)in 100mlethylether was 

prepared in a 200 ml round-bottom flask which had previously been flamed out 
under vacuum and flushed with nitrogen. A freshly prepared solution of 128 mm01 
2,2’-diIithiobiphenyl (IIa) in 40 ml ethyl ether was added dropwise to this suspension 
over a period of 30 min The reaction mixture slowly turned dark green and was 
allowed to stir at room temperature for 24 b. At the end of this period the reaction 
was filtered under a nitrogen atmosphere to remove a dark precipitate. The resulting 
green solution was evaporated to dryness under reduced pressure and treated with 
hexane to induce crystallization of the remaining oil. The dark solid thus obtained was 
taken up in a minimum amount of benzene and chromatographed on a 1.5 x 35 cm 
neutral alumina column which had been packed in hexane. Elution with l/l benzene/ 
ethyl ether brought down the product as a yellow band which was cohected and 
evaporated to dryness under reduced pressure to yield 1.1 g (31%) of (Wa) as a yellow 
solid, m_p. 147-151’. An analytical sample was prepared by recrystallization from 
benzene/hexane followed by drying at 70’ in uacuo. m-p. 151-155”. (Found : C. 
71.05; H, 4.54; Co, 19.40; 0, 5.26. C,sH,,CoO calcd.: C, 71.06; H, 4.31; Co, 19.37; 
0, 5.26x.) The molecular weight was 304 as determined by mass spectrometry 
(calcd 304). An IR spectrum (KBr) exhibited the following major peaks: 2OOOs. 
142Om., fOlOm, 82% 74Q5 cm-‘. The NMR spectrum in CDCIo consisted of a singlet 
at r 4.83 (5 H) and a multiplet centered at r 2.75 (8 H). 

Preparation of 5-(n-cyclopentudienyl)-5-curbonyldibenzorhodole (Wb) 
A freshly prepared solution of 2,2’-diIithiobiphenyI (128 mmol) in 40 ml of 

ethyl ether was added with stirring over a period of 30 min to a slurry of 5.4 g (n- 
C,H,)Bh(CO)I, (IIIb) (12 mmol) and 75 ml ethyl ether in a 200 ml flask which had 
previously been flamed out under vacuum and flushed with nitrogen The reaction 
mixture was stirred at room temperature for 24 h and then faltered under a nitrogen 
atmosphere to remove a dark precipitate. The resulting dark ether solution was 
evaporated to dryness at reduced pressure and the remaining solid taken up in a 
minimum volume of mcthylcne chloride and mixed with the small amount of neutral 
alumina sticient to form a moist powder. This coated alumina was then dried under 
vacuum for 1 h at room temperature and poured directly onto the top of a 2.5 x 20 em 
neutral alumina column which had been packed dry Elution with hexane brought 
down a colorless band which was evaporated to dqness and shown to be 0.5 g 
bipheny1 by TLC, lB, and a mixture m-p. determination. Increasing the polarity of 
the eluent to 10% benzene in hexane removed a second colorless band from the 
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column This band was concentrated to near dryness under reduced pressure and 
filtered to yield 0.14 g (3 %) (IV%) as flllffv white needles. An analytical ample was 
prepared by sublimation at 150”/10-4 mmHg mp. 190-191” dec (Found: C, 61.94; 
H, 3.70; 0, 4.61; Bh, 29.61. C,sH,,ORh calcd: C, 62.08; H, 3.77; 0, 4.59; Rh, 
2955 %_) The molecular weight was 348 as determined by mass speetrometry (calcd. 
348). The following major peaks were observed in the lR spectrum (KBr): 2020% 
141Om, 104Om, lOlOm, 8CKk, 740s cm-i. The NMR spectrum in CDCl, exhibited a 
doublet at r 4.42 [5 H, J@h-H) 05 Hz] and a multiplet centered at r 2.75 (8 H). 

Preparation of 5-(n-cyclopentadienynyl)-5-carbonyldibrmz (WC) 
A slurry of 6.5 g (x-C,H,)Ir(CO)I, (111~) (12 mmol) and 75 ml ethyl ether was 

prepared in a 200 ml flask which had been flamed out under vacuum and flushed 
with nitrogen. This slurry was then stirred at room temperature while 40 ml of a 
freshly prepared ethyl ether solution of 2J’-dilithiobiphenyl (IIa) (128 mmol) was 
added dropwise over a period of 30 min The red suspension gradually became dark 
brown. After completion of the addition, the reaction mixture was stirred at room 
temperature for 24 h and then liltered under nitrogen to remove a dark precipitate. 
The resulting dark ether solution was evaporated to dryness, taken up in a minimum 
volume of methylene chloride and mixed with sufllcient neutral alumina to form a 
moist powder. This powder was dried at room temperature for one h and then added 
to the top of a 25 x I5 cm neutral alumina column which bad been packed dry. 
Elution with hexane brought down 0.44 g of biphenyl as a colorless band as evidenced 
by TLC, IB and a mixed m.p. determination Increasing the polarity of the eluent 
to 25% benzene in hexane removed a light yellow band This was evaporated to 
yield a red solid, which appeared by TLC to contain the product desired together 
with a small amount of red impurity of similiar R,. The red solid was then taken up 
in a minimal volume of methylene chloride and placed on 2 preparative TLC plates. 
Three elutions with 15% benzene in hexane separated the product from the red 
impurity as a colorless band visible under UV light. This band was scraped from the 
plates, extracted with methylene chloride, liltered and evaporated to dryness, yielding 
0.017 g (0.4%) of (Iv c as a white solid An analytical sample was prepared by re- ) 
crystallization from benxene/hexane, m-p. 235-236”. (Found : C, 50.33 ; H, 3.24; 
Ir, 43.68; 0, 3.66. C,sHJrO c&d.: C, 49.41; II, 3.00; Ir, 43.93; 0, 3.66%) The 
molecular weight determined by mass spectrometry was 436438 (calcd 436-438 
for iridium isotopes 191 and 193). An IR spectrum (KBr) exhibited the following 
major peaks: 2OOOs, 14101~ 105Om, 102Om, 820s 740s cm-‘. The NMR spectrum 
in CDCI, consisted of a singlet at r 4.53 (5 H) and a multiplet centered at T 280 (8 H). 

Preparation of 5-(~-cyclopentadienyl)-5-c~bonyl-l~,3,4,6,7,8,9_ocrajluorodibenzoco- 
bakole (IVd) 

(x-CSHs)Co(CO)IZ (Ma) (213 g, 525 mmol) was added as a solid to a freshly 
prepared solution of 5 mm01 of 2,2’-dilitbiooctafluorobiphenyl (IIb) in 40 ml of 
ethyl ether at -7P. The reaction mixture immediately turned dark green. The 
cooling bath was then removed and the solution allowed to warm to room temperature 
and stir for 24 h before filtration under nitrogen to remove a light precipitate. The 
resulting green solution was evaporated to dryness, taken up in benzene and chromato- 
graphed on a 1.5 x 15 cm neutral alumina column which had been packed in hexane. 
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Elution with benzene brought down a yellow band which was evaporated to dryness 
to yield 1.1 g (49%) of (Wd) as yellow crystals mp. 197-2W. An analytical sample 
was prepared by recrystallization from methylene chloride/hexane, m-p. 201-203”. 
(Found: c, 48.05; H, 1.40; Co, 13.10; F, 33.85; 0, 3.55. CIBHSCoFBO calcd.:.C. 
4824; H, 1.12; Co, 13.15; F, 33.92; 0, 3.57x_) The molecular weight was 448 as 
determined by mass spectrometry (calcd 448). The JR spectrum (KBr) consisted of 
the folowisg major peaks: 206Oq 161Om, 145% 135Om, 128Om, 104os, 92Om, SSOm, 
78Om, 700 m cm-‘. The NMR spectrum ia CDCl, exhibited a singlet at r 4.47. 

Preparation of 5-(cyclopen?adienyI)d-carbonyl-l,~,4,6,7,8~-octajluorodibenzo- 
rhodole (We) 

(z-CSHS)Rh(CO)I, (IIIb) (225 g, 5 mmol) was added as a solid to a freshly 
prepared solution of 2,2’-dilithiooctafluorobiphenyl (IIb) (5 mmol) in 40 ml ethyl 
ether at -780. The cooling bath was then removed and the reaction mixture stirred 
at .room temperature for 48 h. Filtration under nitrogen removed a dark precipitate 
and the resulting ether solution was evaporated to dryness and taken up in a minimum 
volume of benzene. This benzene solution was chromatographed on a 15 x 30 cm 
neutral alumina column which had been packed in hexane. Benzene elution brought 
down a tan band which was reduced to dryn- and triturated with ethyl ether to 
yield 05 g (20 %) (We) as a white solid. An analytical sample was prepared by recrystal- 
lization horn methylene chloride/hexane, m-p. 221-2230. (Found: C, 43.90; H, 
1.19; F, 30.92; 0, 326; Rb, 20.95. C,,H,F,ORh calcd.: C, 43.93; H, 1.02; F, 30.88; 
0, 325; Rh, 20.91%_) The molecular weight determined by mass spectrometry was 
492 (calcd 492). The lR spectrum (KBr) exhibited the following major bands: 
2060$ 16201~ 147Os, 136Om, 129Om, 105Os, 92Om, 83Om, 79Om, 700m cm-‘. The 
NMR spectrum in CDCl, consisted of a single peak aC 7 4.15. 

Preparation of 5-(sc-cyclopentodienyl)-5-carbonyl-l~,3,4,6,7,8,9~ctajluorodibenzoiri- 
dole (Iv) 

(x-CSHS)Ir(CO)12 (111~) (2.70 g, 5 mmol) was added as a solid to a freshly 
prepared solution of 2,2’-dihthiooctatluorobiphenyl (IIb) (5 mmol) in 40 ml of 
ethyl ether at -78O. The cooling bath was removed and as the reaction mixture 
warmed up to room temperature its color slowly changed from red to dark brown. 
The reaction mixture was tied at room temperature for 48 h, fitered under nitrogen, 
and evaporated to dryness_ The resulting brown solid was dissolved in a minimum 
amount of benzene and chromatomphed on a 1.5 x 30 cm neutral alumina column 
which bad been packed in hexane. Elution with benzene removed a brown band 
which was collected and taken to dryness_ TLC of the reaction product at this point 
indicated that the desired compound was present and contaminated with several 
minor impurities of similiar R,. The impure- iridicycle was thus taken up in a minimal 
volume of methylene chloride and placed on 4 preparative TLC plates. One elution 
with 25 % benzene in herane achieved separation of the product as the major colorless 
band visible under UV light This band was scraped off the platq extracted with 
metbylene chloridG filtered, and taken to dryness to produce 0.12 g (4%) (IX) as 
white crystals_ An analytical sample was prepared by sublimation af 15CP/lO-’ 
mmHg,m.p. 23&23?. (Found:C, 36.85; H, l.OO;F,26.01;Ir,3291; 0,280. C,gHSFg- 
IrO calcd: c 37.18; H, 0.87; F, 26.14; Ir, 33.06; 0,2.75%.) The molecular weight 
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determined by mass spectrometry was 58&582 (a&d. 580-582 for iridium isotopes 
191 and 193). An IR spectrum (KBr) exhibited the following major peaks: 2@Kk, 
161Om, 146% 135Om, 129Om, 1050s 92Om, 84Om, 8OOm, 700m cm-‘. The NMR 
spectrum in CDQ consisted of a singlet at r 4.10. 

Prepamrion of 5-(Ic-cycZoprmeadienyl)-5-rriphenylphosphinedibenzocoble (Vu) 
A solution of triphenylphosphine (0.456 g 1.74 mmol) in 10 ml of methylene 

chloride was mixed with a solution of (IVa) (0.53 g, 1.74 mmol) in 30 ml methylene 
chloride iu a flask which had previously been flamed out under vacuum and flushed 
with nitrogen. The reaction mixture was allowed to stand at room temperature for 
3 weeks and the orange solution was then concentrated to cu. 15 ml and chroma- 
tographed on a FlorisiI column. Elution with ethyl ether removed a yellow band 
from the column which was evaporated to dryness to yield an orange oil The oil 
was treated with a small amount of ether to crystallize if and filtration yielded 0.30 g 
(33 %) orange crystals of (Va), m_p. 184-200’ dec. An analytical sample was prepared 
by recrystallization horn ethyl ether, m_p. 213-2170. (Found: C, 77.83; H, 5.28. 
C,,H,,CoP calcd.: C, 78.06; H, 5.24%.) 

Preparation of 5-(~-cyclopentodienyl)-5-~iphenylphosphine-l~,4,6.7,8~-octafIuoro- 
dibenzocobalcole (Vb) 

A solution of triphenylphosphine (0.584 g, 2.23 mmol) in 10 ml of methylene 
chloride was mixed with a methylene chloride solution (75 ml) of (lVd) (LO g, 223 
mmol) in a flask which had previously been flamed out under vacuum and flushed 
with nitrogen. The reaction mixture was allowed to stand at room temperature for 
2 weeks and the solvent was then removed under reduced pressure to yield an orange 
brown residue. Recrystallization from warm ethyl ether yielded 0.155 g (10%) of 
orange crystals (Vb), m-p. 230-232O. (Found : C, 61.50; H, 3.20. C,SH,OCoFsP calcd. : 
C, 61.60; H, 2.95x.) The NMR spectrum in CDCIB consisted of a singlet at r 4.74 
(5 H) and a multiplet centered at T 2.81 (15 H). 

Preparation of SJ-norbornndiene-l2J,4,6,7,8,9_octjIuorodibenzoplatinole (VIIb) 
Norbomadieneplatinum dichloride (VI) (1.70 g, 4.75 mmol) was added as a 

solid to an ethyl ether solution of 4.75 mm01 2,2’+iilithiooctafluorobiphenyl (IIb) at 
-78”. The cooling bath was then removed from the reaction flask and the contents 
were allowed to warm to room temperature and stir for 4 h. Filtration of the reaction 
mixture and evaporation to dryness yielded a red brown oil which was extracted 
with l/l benzene/hexane_ The resulting solution was cooled to -20” and mtered, 
yielding 0.10 g (3.6%) light brown crystals of (VIIb) which did not melt below 3000. 
(Found: C, 39.00; H, 1.65; F, 25.95; Pt, 33.30. ClgHgFgPt calcd.: C, 39.12; H, 
1.38 ; F, 26.05; Pt, 33.44 %.) 

Preparation of 5,5+orbomadienedibenzoplatinole (VI&z) 
Complex (VIIa) was prepared in 4.8 % yield by a method similiar to that used 

for the preparation of compound (VIIb). The product was isolated as light brown 
crystals, m-p. 200-202”. (Found: C, 52.27; H, 3.75; Pt, 44.19. C,,H,,Pt calod.: 
C, 51.92; H, 3.67; P& 44.42 X.) 
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Preparation of S,idi-(~~ycIopentadienyl)-l,53,4,6,7,8,9_octa~uorod~enzozirco~ie 
(IW 

An ethyl ether solution of 2,2’-dilithiooctailuorobiphenyl (IIb) (5 mmol) 
was added dropwise to a THF solution (minimum volume) of tirconocene dichloride 
(VIII) (1.40 g, 48 mmol) in a llask which had previously been flamed out under vacuum 
and flushed with nitrogen. The addition was made at -69. The reaction mixture 
was stirred while it was allowed to gradually warm to 00 _ The solvent was then removed 
and the solid residue was washed with ethyl ether and extracted with warm benzene. 
The extract was concentrated to near dryness and filtered to yield 0.10 g (4%) crystals 
of (IXa), mp. 329. (Found: C, 5094; H, 206; F, 29.30. CzIHIOFBZr calcd: C, 
51.06; H, 1.95; F, 2937x.) T-h e molecular weight determined by mass spectrometry 
was 517 (cakd 517). The NMR spectrum in CDCI, consisted of a singlet at z 3.48. 
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