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S u m r y :  The compound [ F~(CO),(Q~~CH,),C)CH,CH,- 
{Q~-CHC(M~)CH,]] is formed by treating [(T?v~M)F~(CO)~] 
(TMM = ~~-trimthylenemethane) with isoprene in the 
presence of trimethylamine oxide. 

We have previously shown that a variety of compounds 
of the type (T~-TMM)F~(CO)~L (q4-TMM = q4-C(CH2),; 
L = t-BuNC, tertiary phoephines) may be readily prepared 
by treating the parent tricarbonyl compound (q4-TMM)- 
Fe(C0)3 with L in the presence of trimethylamine oxide.' 
We have now carried out similar reactions of (q4-TMM)- 
Fe(C0)3 with olefins, finding that conjugated diolefins 
react to form heat- and air-stable products which are a 
result of very novel coupling of dienes with the TMM 
ligand. 

A solution of (q4-TMM)Fe(C0)3 (formed from 1 g (4.7 
mmol) of Na2Fe(CO)4),1 isoprene (2 mL, 20 mmol), and 
Me3NO-2H20 (5.2 g, 47 mmol) in 40 mL of THF was re- 
fluxed for - 16 h. The reaction mixture was then passed 
through a silica column, and a yellow band of the product, 
I, was eluted with petroleum ether (bp 30-60 "C). The 
solvent was removed, and X-ray-quality crystals were ob- 
tained by sublimation at 66 "C. The new orange com- 
pound, I, has the stoichiometry (TMM)Fe(CO)2(isoprene), 
and ita IR spectrum (petroleum ether, bp 30-60 OC) ex- 
hibits two narrow carbonyl stretching bands, of equal in- 
tensity, at 1990 and 1931 cm-', consistent with the OC- 
FeCO bond angle being about W O . 2  However, the 'H and 
13C('H) NMR spectra of I indicate clearly that a simple 
q2-isoprene complex has not been formed, since no reso- 
nances attributable to free olefinic hydrogen or carbon 
atoms are observed. 

Mindful of the report that (TMM)Fe(CO)3 reacts with 
CP4 to form [Fe(CO)3(r/3:q1-(CH&2CCH2CF2CF2)], in which 
the TMM and C2F4 fragments have coupled? we consid- 
ered but rejected the possibility that the TMM and 
isoprene had coupled to form the analogous compound 
[Fe(C0)3(q3:q'-(CH2)&)CH&H2CH=C(Me)CH2], con- 
taining the 2-methy1-6-methylene-2-heptene-1,'l-diyl lig- 
and. The IR spectrum of I differs from that of the C2F4 
adduct in that the latter exhibits three carbonyl stretching 
bands3 and so, presumably, would the IR spectrum of 
[Fe(C0)3jq3:q'-(CH2)2C)CH2CH2CH=C(Me)CH2]. Fur- 
thermore, the 'H and 13C NMR spectra of [Fe(C0)3- 
(q3:q'-(CH2)2C)CH2CH2CH=C(Me)CH2] would exhibit free 
olefinic resonances. 

We therefore considered a compound in which the same 
ligand would coordinate to the iron in an v3:q3-diallylic 
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Figure 1. ORTEP drawing and labeling scheme for I. Ellipsoids 
are drawn at 35% probability; hydrogens are at a fixed radius 
for clarity. Values of s e M  interatomic distances (A) and auglea 
(deg) are as follows: Fe-C(l) = 1.754 (41, FeC(2) = 1.780 (4), 
Fe-C(3) = 2.125 (4), Fe-C(4) = 2.209 (4), FeC(5) = 2.090 (4), 
Fe-C(B) = 2.139 (41, F d ( 9 )  = 2.094 (41, Fe-C(l0) = 2.135 (4); 
C(l)-Fe-C(2) 92.0 (2). 

faahion, denoted schematically as A and readily derived 
from the above-mentioned q3:q' species by loas of one CO. 

oc ' \co 

A B 

Consistent with this structure, all 11 non-methyl hydrogen 
atom are nonequivalent, as are both carbonyl groups and 
all nine carbon atom of the TMM and isoprene moietiea. 
A J-modulated spin-echo experiment4 indicated that I 
contains one CH3, five CH2, one CH, and two quaternary 
carbon atoms, compatible with A, and we note that the 
carbonyl stretching bands of I are almost identical with 
those of the rather similar compound B6 (1991,1935 cm-'). 
The 'H resonances of I were found to exhibit only fmt- 
order coupling patterns at 400 MHz, and thus it was 
readily possible to combine selective decoupling, COSY, 
HETCOR, and NOE difference experimenta4 to assign the 

(4) Sanders, J. K. M.; Hunter, B. K. Modern NMR Spectrmcopy; 

(5) King, R. B.; Harmon, C .  A. J. Am. Chem. SOC. 1976, 98, 2409. 
Oxford University Preee: Oxford, U.K., 1987. 
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resonances of all of the proton and proton-bearing carbon 
atomse6 

The NOE difference experiments were especially in- 
formative, as irradiation of the " n c e  of H(4A) resulted 
in enhancement of the intensity of the resonance of H- 
(1OB); since theae two H atoms are! at opposite ends of the 
organic ligand, the result suggests a structure in which the 
diallylic ligand wrap around the metal atom. This con- 
clusion was supported by molecular mechanics (MMX') 
calculations and subsequently confirmed by X-ray crys- 
tallographic analysis? 

The structure of I (Figure 1) contains two mutually cis 
carbonyl group, the C(l)-Fe-C(2) bond angle being 92.0 
(2)". The hydrocarbon framework is coordinated to the 
iron via the two q3-allyl group C(3)-C(5) and C(8)-C(lO), 
involving the former TMM and isoprene constituents, 
respectively. The FeC(4) bond is marginally longer than 
the other iron-allyl bonds, but all are typical of (q3-al- 
1yl)iron compounds in general? Interestingly, I is much 

(6) See Fm 1 for the nu&e&echeme. '% NMR resonance8 
(Cad:  d 219.2 (CO), 216.5 (CO), 123.5 (C(5) or C(9)) 109.5 (C(9) or c(5)), 
76.7 (C(8)), 64.0 (C(4)), 45.3 (C(3)), 45.2 (CUO)), 39.1 (C(6)h 32.1 (c(7)), 
27.4 (C(11)). 'H N M R  resonances ( C a d :  d 3.16 (d, H(3A)), 3.07 (dd, 
H(lOA)), 3.04 (dd, H(8)), 2.76 (br e, H(lOB)), 2.24 (d, H(4A)), 2.18 (br 8, 
H(3B)), 2.15 (br e., H(4B)). 2.07 (dd, H(6B)), 1.79 (dddd, H(6A)), 1.49 (e, 
H(llA,B,C)), 1.36 (ddd, H(7A)). 0.66 (dddd, H(7B)); J u d  = 3.3, J- 

1.5, J M a  12.2, J w - 1 ~  4.8, J M ~  14.2, J-m 5.0, J I A - ~  13.2, 
J,A+ 6.3, J m  10.8, Jblw 1.6, JlO~-lm 1.5 Hz. 

(7) Available as PCMODEL from Serena Software, Bloomington, IN. 
See: Gajed ,  J. J.; Gibed, K. E.; McKelvey, J. Adv. Mol. Model. 1990, 
2, 65. 

(8) Cryetal Data: C H14Fe02, M, = 234.06, monoclinic, apace group 
ml/c ,  a = 8.8800 (12) 1 b = 8.9197 (12) A, c = 13.5091 (171, B = 95.642 
(11)O, V = 1064.82 (24) AB, 2 = 4, D, = 1.460 g F(OO0) = 488, p(Mo 
Ka) = 13.86 an-', R = 0.0401 (R, = 0.0466) for 2440 observed data (298 
K, Wyckoff w scam, 28 I 55O, F 1 4u(F)). Data were collectad wing a 
Siemsne PI diffractomater (298 K, Mo Ka radiation, X = 0.71073 A). The 
data were correctad for Lorentz and polarization effecta, and the etruc- 
turea were eolved using direct m e t h d  ( S H E L X ~  PLUS program). Com- 
plete detaib will be published in a full paper. 

(9) (a) Deeming, A. J. In Comprehensive Organometallic Chemistry; 
Wilkimon, G., Stone, F. G. A., Abel, E. W., W.; Pergamon Press: Ox- 
ford, U.K., 1982; Chapter 31.3. (b) Orpen, A. G.; Brammer, L.; Allen, F. 
H.; Kennard, 0.; Wataon, D. G.; Taylor, R. J. Chem. SOC., Dalton Trans. 
1989, s1. 

more thermally stable than is Fe(C0)2(q3-allyl)z,10 which 
is reported to reductively eliminate diallyl at above room 
temperature. Presumably the ethylene backbone jo in i i  
the two q3-allylic fragments prevents intramolecular re- 
arrangement to the orientation neceseacy for coupling and 
decoordination, although an oscillatory motion involving 
rotation about the C(6)-C(7) bond and comcomitant mu- 
tual reorientation of the two q3-allyl-ir0n linkages seems 
likely since the resonances of H(6A,B) and H(7A,B) exhibit 
temperature-dependent chemical shifta. 

The formation of I presumably involves initial coordi- 
nation of the unsubstituted end of the isoprene, since 
trimethylamine oxide is required for the reaction to OCCUT. 
Details of the subsequent coupling step are not obvious, 
but we note several apparently similar, photochemically 
induced coupling reactions of CzF4 to coordinated TMMa 
and +diene ligands" and of conjugated dienes to penta- 
dienyl ligands.12 Preliminary investigations of reactions 
of (TMM)Fe(CO), with 2,3-dimethyl-l,&butadiene and 
lB-butadiene suggest that the former yields a compound 
analogous to I while the latter yields a tricarbonyl com- 
pound, not yet identified. 
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S m r y :  Reactions of CIMe2GeGMe2CI and Me20ec12 In view of the growing interest in group 14 metal-bawd 
with Pt(PEf& proceeded to give cis -/trans - materiale and reagents,' understanding of the reactivities 
(w,Oekpt(pEts)2 (1) and "4W&FWP&k (2)s 
respectively' The structure Of "-' was by 
c ~ s t e ' ~ a p h y .  Of a cis'trans mixhrre Of 
afforded 2 with release Of di"ylene, w h M  cou# 
be trapped by bnzll to a 1,uloxa-2germe+y- 
clopentene species. 

(1) (a) The Chemistry of Organic Silicon Compounds; Patai, S., 
Rappoport, Z., Ede.; Wiley: Chicheater, U.K., 1989. (b) RiviBre, P.; 
RiviBre-Baudet, M.; Saw, J. In Comprehensive Organometallic Chem- 
btry; Wilkineon, G., Stone, F. G. A., Abel, E. W., Ede.; Pergamon: Ox- 
ford, U.K., 1982; Chapter 10. (c) Daviea, A. G.; Smith, P. J. In Com- 
prehenarve Orgonometallic Chemistry; Wilkimon, G., Stone, F. G. A., 
Abel, E. W., Me.; Pergamon: Oxford, U.K., 1982; Chapter 11. 
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