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Summary 

Cyclopentadienyl( q4-2,4-bis(trifluoromethyl)-1,3-pentadiene)cobalt has been pre- 
pared by the reaction of the fluorinated diene with (cyclopentadienyl)bis 
(ethylene)cobalt. An attempt to bring about hydride abstraction from the former 
compound using the triphenylmethyl cation has instead led to a replacement of the 
fluorinated diene by an v~-(C,H,)~C+ ligand. 

As part of our efforts to add to our understanding of pentadienyl metal 
chemistry, we have become interested in studying the effects brought about by the 
addition of various substituents to pentadienyl ligands. Even though we have 
reported a variety of complexes containing methylated pentadienyl ligands [l], it 
appeared worthwhile to attempt the preparation of complexes containing more 
radically substituted pentadienyl ligands. While pentadienyl anions containing 

cyano [2], siloxy [3]. and silyl [4] substituents are known, we were particularly 
interested in CF, substituents, which would provide a predominately inductive 
electron-withdrawing influence. Perhaps especially favorable for bonding to a 
transition metal would be a 2,4-bis(trifluoromethyl)pentadienyl ligand, 2,4- 
(CF3)2CSH5 (I). The primary reason for this notion is that the carbon atoms in the 2 
and 4 positions are those which are formally uncharged, and hence should be 

(I) 
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Experimental 





reference): S - 63.2. -- 63.6 ppm. “C NMR (CDCI,. TMS reference): 8 129.3 (C‘F,. 

q. J(CF) 271 Hz). 125.X (CF,. y. J(CF) 269 HL). X7.5 (C. y. J(CF) 35 Hz). X2.4 

(CH (Cp). d of quintets (from 4 Cp H’s), J(c’H) 17X, 7 H/j. 7X.7 ((‘FI. d of m. 

J(CH) 171 Hz), 46.6 (C. cl, J(CF) 30 Hz). 29.7 (CH,. t. ./(CH) 160 iI/,. 13.2 ppm 

(CH,. q. J(CH) 129 Hz). 

Inftwd data (neat): 2962 M’. 292.5 sh. i “880 ah. 2X50 sh. 14X4 L\. 1465 ih. 1440 V\V. 

1410 VW, 1383 mu, 1363 m. 1.342 tn. 127X m. 1259 I’S, 1150 5. 1131 Y. 1 lit0 s. iOh s. 
1012 ms. 93 1 w. 909 \h. X57 \\v. X20 ms. 797 m. 731 u’. 713 M. h77 III. 677 JI cm ‘_ 

Mass spectrum (70 eV): w,,, t’ (rd. intensity): 341 (12). 4U (100). 44 (14). 59 (14). 65 

(11). 77 (13). 7X (20). 110 (l(f). 124 (lo()), 142 (15j. 145 (13). 165 (14). tS5 (1.3). 10X 

( I?). 32x (42). 

Anal. Found: (I‘, 63.20: !I. 4.;4. C,,H,,,BC’oF, cald.: C. 63.4;; 11. 4.44”;. ‘II 

NMR (CIIJNO,. 4.30 ppm refcrencc): K 7.84 (t. Ill. .I 5 I-l/). 7.1 ?,Z (m. hbl). 

7.2 7.25 (m. 4H). 5.9X (d 01 11. 2H. J 6. 8 Hz). 5.65 (s. 5H). 5.63 (d ,)f tl. 111. ./((‘ff) 

X. 1 Hz). I’<‘ NMR (C‘DINO,. 57.3 ppm reference): fi Iii.7 (‘C‘. L. ./;(‘I_() X tb). 

12X.7 (IC). 124.0 (4Ct-1. d of 1. .I(CH) 15Y. 7 l-i/), 124.5 (4C’II. Li c,f’ci. ./iC‘II) Ihi. 7 

H/j, 133.9 (2CH. d oft. ./((:‘ti) 16’. 8 HL). 119.7 (1C‘. r. ./i(‘li) 6 tI/). X7.6 (7C’ti. ct 
OF d. J(c‘H) 17X. 7 H7). 35.7 (l<‘H. d <If Ill. J(C‘F-I) 172 tL!t. SZ.2 ii(.‘H. il ol 

yuintets (from 4 c’p H’s), J(<‘H) 183. 7 11~). 70.5 (2(‘11. d. .l((‘Il:~ 17: fii/). 

CIH ‘_ 

Mass spectrum (fast atom hotnhardmcnt, ~cnitrobt3i~~l alcohol ni,ttri%J: ri~,‘c’ 

(rci. intensity): 367(Z). 243(21j. 176(12). 165 (11). I.?!, (ii). 13Xc31). I J7ChO). 1.W 
(X5). 124 (11). 120 (15). IO’? (13). 105 (11). 91 (19). 

Results and discussion 
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Fig. 1. ‘H NMR Spectra of 2,4-bis(trifluoromethyl)-1,3-pentadiene (2,4-(CF,)zCsH,) (top) and 

Co(CSH,)(2,4-(CF,),C,H,). From single frequency proton decoupling studies. the proton resonance for 
the central CH group can be assigned as the furthest downfield resonance for both spectra. 

Quite notably, two of the single proton resonances have shifted dramatically upfield 
from their locations in the free diene (see Fig. 1). In all likelihood these are the two 
vinylic protons on the terminal CH, group. While it should be possible for the diene 
complex to exist as a pair of isomers, IIa and IIb, the ‘H, 19F, and i3C NMR 
spectra demonstrate that only one isomer is present in detectable quantities [S]. 
Isomer IIa is the logical choice on steric grounds, and the very large upfield shift 
experienced by the methyl group in the diene complex, as well as the two nearly 
identical 19F resonances, fairly certainly establish the nature of the observed isomer 
as IIa. It should be noted, however, that the free diene compound also was isolated 
as a single isomer, and it may be that this circumstance is actually more responsible 
for the isolation of only one metal complex isomer. 

As Co(C,H5)(2,4-C,Hi,) (C,H,, = dimethylpentadiene) readily undergoes a for- 
mal hydride abstraction reaction on treatment with the triphenylmethyl cation, 
yielding the “half-open cobalticinium” complex, Co(C,H,)(2,4-C,H,,)’ (III, 
C,H,, = dimethylpentadienyl), the analogous reaction was likewise attempted with 
IIa, in the hope of isolating Co(C,H,)(2.4-(CF,),C,H,) + (IV). 
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While the observed formation of an n5-triphenylmethyl ligand was unexpected, it 
can be noted that somewhat similar modes of bonding have been observed in 
q5-phenoxide [12], q5-benzyl [13], $-amide [I 41, and qh-tetraphenylborate [ 151 
complgxes. Quite possibly, a wide variety of q5-benzyl and related species may be 
obtained through reactions similar to that observed herein. It does not appear that 
the failure to bring about a hydride abstraction indicates something unfavorable 
about CF,-substituted pentadienyl ligands, as some of these have been reported, 
through somewhat unusual reactions [16]. It can be noted. however, that both the 
expected and the observed products are very similar in that they can be regarded as 
“half-open cobalticinium” cations. Other attempts to probe the effects of varying 
substituents on pentadienyl skeletons are in progress. 
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The “C NMR spectra for both the free hexafluorodiene and its cobalt compound were particularly 

complex due to coupling from both hydrogen and fluorine nuclei. Nevertheless, nearly all if not all 

observed couplings could be assigned with the aid of a variety of single frequency and broad hand 

proton and fluorine decoupled spectra 

Calcd. for ,? =1.6. C, 63.27; H, 4.46%. 

E.F. Mooney, An Introduction to “F NMR Spectroscopy. Hcyden and Sons. Ltd.. Nev. York. 1970. 

If hydride abstraction became much slower. a direct replacement of the dienc might become favored. 

1Iowever. the relatively slow rate of replacement of even ethylene in Co(C<H<)(C?H,), by the 

fluorodiene suggests that a one-electron oxidation of the cobalt complex may he Involved. at which 

point the presumably weakly hound fluorodicnc ligand could come off. Thia possibility was also 

favored by one referee. 




