
335 

Journal of Organometallic Chemistry, 232 (1982) 335-343 
Ekevier Sequoia S.A., Lausanne - Printed in The Netherlands 

SYNTHESIS AND X-RAY STRUCTURE OF PENTACARBONYL(7-r)‘- 
CYCLOHEPTA-1,3,5-TRIENYL)RHENIUM(I) 

Cl. MICHAEL HEINEKEY and WILLIAM A.G. GRAHAM * 

Department of Chemistry, University of Alberta Edmonton, Alberta T6G 2G2 (Canada) 

(IReceived October 15th, 1981) 

Synthesis by two routes of (7-$-C,H,)Re(CO), (2), the first monohapto- 

cycloheptatrienyl derivative of a transition metal, is described_ The first involves 
ultraviolet irradiation of the acyl C,H,(CO)Re(C0)5 (1) in acetone at -78°C. 

The second and preferred route involves reaction of NaRe(CO), with [C,H,]- 
[ BF4] in THF to form orange crystalline 2 in 90% yield. Activation enthalpy 
f(Jr thermal decomposition of 2 to form ditropyl and Re2(CO)1,, is 30.4 + 0.3 
kcal mole-’ , a value close to the estimated strength of the C&H,-Re(CO), 
bond. A single crystal X-ray diffraction study of 2 shows a nearly octahedral 
Re(CO), group bonded in the quasi-axial position to the methylene carbon 
altom of the seven-membered ring, which has a boat conformation. NMR spectra 
are consistent with a similar structure as the exclusive or dominant form in solu- 
tion. 

Introduction 

The analogy of tropylium cation, C,H,+, to CSH5- and C6Hs was noted in the 
context of organotransition metal chemistry in.1956 [l]. Entry to the field by 
reaction of metal carbonyl anions such as Na[Mn(CO)s] [Z] or Na[(q-CsH5)Cr- 
(CO),)] [3] with tropylium bromide appeared to be ruled out when these reac- 
tions led only to ditropyl and the metal carbonyl dimer. It was considered that 
the failure to obtain C&H, complexes in this way was related to the strong 
oxidizing power of C,H,’ and the strong reducing power of metal carbonyl 
hydrides and their derivatives [ 33, and it was eventually suggested [ 41 in the 
MCn(CO),- case that the o (or Q’) intermediate was very unstable. The notion 
that monohap to-cycloheptatienyl derivatives of transition metals were gener- 
ally unstable appeared to receive support when a compound reported initially 
as ($CsHS)Fe(CO),(7-$-C&H,) [5] was reformulated 163 as ($-CsHs)Fe(CO)- 
(r13C,H,). 
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IR (cyclohexane, cm-‘, v(C0) with intensity and assignment in C,, symme- 
try): 2120 (w, Al), 2015 (s,E), 1983 (m,A1). ‘H NMR (2O”C, dioxane-c&,6) 
5.92 (m,H(3,4)), 5.44 (m, H(1,6)), 5.16 (m,H(2,5)), 3.16(tt,H(7),3J1, 8.5, 
4J,7 1.0 Hz). 13C NMR (OOC, THF-cZ,,G) lS_l(C(7)), 122l(C(2,5)), 136_1(C(3,4)) 
lil.3(C(1,6)); 182.O(lC, axial CO), 187-3 (4C, equatorial CO). UV-VIS 
(dioxane, h,,, nm,e): 278(5200), 394(2500). Analysis. Found: C, 34.54; H, 
1.78. &H,05Re calcd.: C, 34.52; H, 1.69%. Mass spectrum (16 eV, 35°C): 
molecular ion It/l+ at 418 (correct isotope pattern); (M - nCO)‘, n = 2-5; 
(M - C,H=; C,H,‘) (base peak)_ 

Method B NaRe(C0)5 (10 mmol) in 100 ml THF was cooled to -78°C (a 
white precipitate formed) and solid C,H,BF, (1.78 g, 10 mmol) was added in 
one portion_ The mixture was stirred at -78OC for 1 h, THF was removed in 
vacuum and the residue extracted with 3 20-ml portions of hexane. The com- 
bined extracts were filtered and cooled to -78°C affording 2 (3.8 g, 90%) 
identical to that of method A. 

Thermal decomposition of 2 
Samples of 2 (0.20 M) in dioxane-d, were freeze-thaw degassed in vacuum in 

NMR tubes which were then sealed off. ‘H NMR was used to monitor the first 
order disappearance of 2 at three temperatures: T, k: 54.3”C, 2.60 X lo-’ set-’ ; 
68_4”C, 2.00 X 10d4 set-‘; 83.4”C, 1.33 X 10e3 set-‘. Calculated activation 
parameters (error limits correspond to one standard deviation): AiYf = 30.4 a 
0.3 kcalmol-‘; AS’ = 13 + 1 e-u.; aG&, = 26.5 + 0.5 kcal mol-I. The major prod- 
ucts of the thermal decomposition were (C,H,), and Re,(CO)l,, with smah 
amounts (l-5%) of C,H,. 

X-ray structure of 2. 
The determination was performed by the crystallographic staff of Molecular 

Structure Corporation, College Station, Texas, U.S.A., using an Enraf-Nonius 
CAD4 diffractometer. A red prismatic crystal of dimensions ca. 0.12 X 0.12 X 
0.10 mm was used for data collection. Hydrogen atoms were not included in 
the calculations. Only the 1487 reflections having I >30 were included in the 
refinement. The final cycle included 78 variable parameters and converged with 
unweighted and weighted agreement factors of 0.038 and 0.049 respectively. 

Crystal data: monoclinic, space group P2Jc; CL 6.962(2), b 22.099(3), c 
8.955(l) 8; /I 109.91(2)” ; V 1295.4 A3; 2 = 4; p(calc) 2.14 g cm-‘; p 99.2 cm-’ 
for MO-K, radiation. 
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