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summary 

The stereochemistry of (C,H,)ClM(acac), (hl = Ge, Si; acac = 
CH3COCHCOCH3-), (CBH,)lGe(acac),, and (CH,)CISi(acac)l complexes has 
been investigated in CDCI,/CC13 solutions by dynamic proton magnetic resonance 
spectroscopy. The phenylchloro complexes adopt predominantly a cis(C,H,, 
Cl) structure in solution with a small amount of the tram (C6HS, Cl) form 
(5 5%); while methylchlorosilicon acetylacetonate is cis (CH3, Cl) in solution. 
The structure of the diphenylgermanium comples cannot be unequivocally as- 
signed. Environmental averaging of the acetylacetonate ring protons (-CH=) 
in the C,-type cis-phenylchloro compleRes has also been studied by total 
lineshape line-broadening techniques in CDCIJCCI, solutions in the temperature 
range: (C,HS)CIGe(acac),, 13.2-62.2”; and (C6H,)ClSi(acac),, -69.6 to -49.3”. 
Activation parameters are: for (C,H,)ClGe(acac),, E, = 12.8 + 1.2 kcal/mol, 
As’ = -13 + 4 eu, 1~~~s = 9.4 set-I; and for (C,H,)CISi(acac)z, E, = 6.4 + 1.0 
kcaI/mol, AS* = -22 * 5 eu, and lzzcM = 4.2 X lo3 set-‘. It is argued, on the 
basis of the order of lability (PhClSi 3 PhClGe > PhClSn), that the eschange 
phenomena probably proceed via a twist mechanism if environmental averaging 
occurs by a sole reaction pathway. 

Introduction 

Organosilicon(iV) derivatives with [l-ketoenols, RClSi(acac), (R = CH3, 
C6H5; acac = CH&OCHCOCH,-) were first reported by West [2]. Ln&ar& 

* Presented in parl ar the 56th Ccmdun Chemical Conference 111. 
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spectroscopic evidence indicated that the compleses were Sk-coordinate; (CH,),- 
Si(acac)? and R3Si(acac) compounds were shown to exist 3-$ four-coordinate 
species with unidentate acetylacetonate ligands. Stereochemical lability on the 
latter triorganosilicon acetyiacetonates were recently reported [ 31. The mono- 
chloroorganosilicon( IV) derivatives above were suggested to esist in either the 

ck (R, Cl) and/or tram (R, Cl) stereochemistry, but have not been the subject 
of further study. We note, however, that _X?Si(acac)? complexes, where S = Cl- 
and Cl-i3COO-. have been investigated; Cl,Si(acac), possesses the trarzs (Cl, Cl) 
structure [;2] (low temperature NhIR spectra). while (CH,C00)2Si(acac)2 
esists predominantly in the trons form in the solid state and in freshly prepared 
solution but isomerizes in solution to the CIS structure to yield an equilibrium 
mLxture ([cis]/[trans] = 1.6) [ 5-71. More recently, it. was reported that, reaction 
of CH,SiC13 or CBHSS~C13 with dibenzoylmethane (Hbzbz) yields the five-coordinatf 
[ RSi(bzbz),]‘Cl- comples [S]. 

Organogermanlum( IV) compleses with p-diketones have received even 
less attention 19, lo]. Mehrotra and hlathur ( 111 reported the synthesis of 
the monomeric, six-coordinate (CgHj),Ge(acac)? comples and of (t-CJH9)3Ge- 
(acac), suggested as being five-coordinate. The stereochemistry and stereochemical 
lability of several dihalo sis-coordinate germanium( IV) compleses with 
P&ketones have also been studied [ 12, 131; these adopt predominantly the 
cis structure with some trans form present (ca. 15-20%) [ 121. 

The purpose of the present investigation is twcfold (1) to elucidate the 
stereochemistry in sbluticn of RCiSi(acac), (R = CH3, CBHS), (C6HS)C1Ge(acac)2, 
and (CbHj),Ge(acac)z by variable temperature ‘H NMR spectroscopy, and (2) 
to study the kinetics of the configurational rearrangement phenomena in the 
monochloroorganometal complexes in CDCI,/CCI, solutions. The particular 
case of the rearrangments in (CH,)ClGe(acac), will be the subject of a later 
report [ 141. 

Esperimental 

Materials and soluents. Diphenyldichlorogermane, phenyltrichlorosilane, 
methyltrichlorosiiane, and thallous carbonate were purchased from Alfa 
lnorganics and used without further purification. Tetraphenylgermane and tetra- 
chlorogerrnane were also used as received from the supplier (Research Organic/ 
Inorganic Chemical Corp.). Acetylacetone (2,+pentanedione) was Frsher Certified 
Reagent._ Reagent grade hexane and carbon tetrachloride (Anachemia), and 
dichloromethane (Fisher) were dried by refluxing over calcium hydride chips 
(Fisher) for at least 12 h and drstilled therefrom prior to use. Deuteriochloroform 
was prepared by a slight modification [ 131 of the method of Paulsen and Cooke 
[ 151. Phenyltrichlorogermane was prepared by treating tetraphenylgermane with 
germamum terrachloride, over freshly sublimed aluminium trichloride, in a 
Canus combustion tube using the method of Rijkens and Van der Kerk [ 161. 
Sodium and thallium acetylacetonate salts were prepared by standard procedures. 

Melting points and analyses. Melting points were determined with a Gallen- 
kamp melting point apparatus (hlodel MF-370), and are uncorrected. Capillanes 
were sealed with modeling clay under a dry nitrogen atmosphere in a glove 
bag. 
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Elemental analyses were in general performed by Galbraich Laboratories, 
Knosvilie, Tenn. 

Syntheses 
Dipller2ylbis(2,4-pentanedionato)gernzanirr)?2(1II) This complex was synthesiz- 

ed by allowing diphenyldichlorogermane (2.69 g, 9.04 mmol) to react with 
tilallous acetylacetonate (5.00 g, 16.4 mmol) In ca. 75 ml of dichloromethane. 
The mixture was stirred at ambient temperature for about 2 h. and filtered under 
a nitrogen atmosphere by a method described earlier [ 171. The filtrate was 
concentrated to - 30 ml by passing a stream of nitrogen over the surface cf the 
solution. Dry he.uane was subsequently added until the first signs of crystalh- 
zation, and the solution cooled In a freezer (- 0”) overnight. Recrystallization 
of the white product from dichloromethane/hesane yielded I.70 g (49% of 
theoretical). M.p. 134-136” (dec.), b-p. 243”/1.0 mm Hg; !it. [ 111 b.p. 201”/ 
0.6 mm I-Q. Anal. Found: C, 59.01, 57.77, H, 5.38, 6.32. C??H,,OAGe c&d.: 
C, 62.17; H, 5.69%. 

The rather poor analysis is a result of the rapid decomposition (ca. 2-3 days) 
of this product. A low C analysis has also been reported by others [ 111. Purity was 
confirmed by the absence of O-H and uncomplesed CO stretching bands in the 
infrared spectrum, and by NMR spectra. Cherricai shifts in CDCI,/CCIJ/Th~IS 
solvent (10.3 g/100 ml, - 31”) 1.93 ppm (CH,) and 5.31 ppm (Cl-I=). 

Phenylchlorobis(2,4-penlanedionato)germaniunz(iV). This product was 
obtained in 67% yield from the reaction of phenyltrichlorogermane (2.66 g, 10.4 
mmol) with thallous acetylacetonate (6.29 g, 20.7 mmol) in 75 ml of dichloro- 
methane. The misture was stirred for 30 min and subsequently filtered. Upon 
concentrating and adding hesane to the filtrate, inevitably, the solution gave 
an intractable oil upon cooling. Crystallization was induced by scratching the 
flask. Recrystallization from dichloromethane/hesane yielded 2.65 g of the 
desired white compound. Il1.p. 143-145; (dec.); lit. [ 101 140-145”. Anal. 
Found: C, 43.89; H, 4.46. C,dH,90&lGe calcd.: C, 50.13; H, 5.00%. 

Chemical shifts in CDCiJCCIJ/TMS (17.6 g/100 ml; - 31”), 2.08 ppm 
(CH3) and 5.60 ppm (WI=). Purity of the freshly preDared product was ascer- 
tained from NMR and infrared spectra. Rapid decomposition (- 2-3 days) 
resuIts m an unsatisfactory analysis. A gravimetxic determination of chlorine 
[lo] produced 9.10% (calcd. 9.25). 

Ptzenylchlorobis(~,4-pentanedionato)sificon(IV). To a dichloromethane 
solution (75 ml) of phenyltrichlorosilane (7.96 g; 37.7 mmol) was added 5.20 
g of thallous acetylacetonate (17.1 mmol). The mixture was stirred at ambient 
temperature for 10 min. Filtration under a nitrogen atmosphere and working 
up the filtrate, as described earlier, produced a white product which was recrystal- 
lized from dichloromethanelhesane solution. M.p. 119-121” (dec.); Ilt. [lo] ca. 
135”. Purity of a freshly recrystallized sample was confirmed by infrared and 
NMR spectra. The product decomposes over a period of hours to form a 
red product, but recrystallization prior to total decomposition yields a white 
compound. Chlorine determination [lo] gave 10.65% (CIgH190&ISi &cd.: 
10.49). Chemical shifts in CDClJCCI~/TMS (10-S g/l00 ml; - 28”), 2.00 ppm 
(CH,) and 5.58 ppm (CH-). 
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lllethyIchlorobis(2,4-pentaned~onato)silicon(iV). This comples was 
prepared from the reaction of 4.34 g of thallous acetylacetonate (14.3 mmol) 
with methyltrichlorosilane (4.71 g, 31.5 mmol) in 50 ml dichioromethane. The 
ksture was stirred for 10 min and filtered under nitrogen; addition of dry 
hexme to the filtrate yielded a white product which was recrystallized from 
dichloromethane/hesane. This product decomposes over a period of 15-30 
min in the presence of trace amounts of moisture; no consistent m-p. was obtain- 
ed, the compound undergoing constant decomposition upon heating. Purity of 
a freshly prepared sample was ascertained from infrared and NMR spectra. A 
chlorine determination [lo] yielded 13.5% (C, ,H,,O,CISi &cd.: 12.6). Chem- 
ical shifts in CDClJCCIJThlS (12.6 g/100 ml, -75.6”), 2.2 ppm (acac-CH3) 
and 6.54 ppm (acac-CH=). 

Preparation of solutions. Owing to the rapid decomposition of these organo- 
germanium and organosilicon compleses, solutions were prepared under rigorous 
anhydrous conditions in a dry nitrogen atmosphere in a glove bag just prior to 
NMR investigations. NMR samples were flame-sealed in vacua after degassing by 
the freeze-thaw-refreeze method. The solvent used consisted of a misture of 
54.5% by weight of deuteriochloroform and 45.6% of carbon tetrachloride to 
which was added T&IS as an internal standard. Such mixture afforded NMR 
studies to be carried out to temperatures down to ca. -80” [18]. 

Measurement of NAZR spectra. Proton chemical shifts (2 0.02 ppm) and 
variable temperature NMR spectra were recorded in the frequency sweep 
mode on a Varian h’A-109 high-resolution NMR spectrometer operating at 
100.00 MHz and equipped with a V-6040 variable temperature controller and 
a V-4343 variable temperature probe. 

Probe temperatures are based on the Van Geet equations [ 191 and were 
measured as described elsewhere [ 201. Various possible e.xperimentaI errors 
that can affect NMR lineshapes with consequences in the accuracy of the results 
have also been described previously [ 201. 

Determination of mean lifetimes. Mean lifetimes of a U-I= proton in a 
particular site were extracted from NMR spectra recorded in CDCiJCCI~/TMS 
over the indicated temperature range: (C6HS)C1Ge(acac)2, 13.2-62.2”; 
(C&)CISi(acac),, -69.6 to -49.3”. In the case of the former compound, these 
characteristic lineshape parameters were se!ected from NMR spectra; R, the ratio 
of masimum intensity to minimum central intensity at (v, + vi,)/2; bv,, the chem- 
ical shift separation during exchange; W1ll, W,, 7, and WJ,S, the full linewidths 
at one-quarter,.one-half, and three-quarters of maximum amplitude. Average 
values of these parameters for five spectral scans are summarized in Table 1 for 
(C,H,)CIGe(acac),. Mean lifetimes, T, (Table 1) for eschange of CH= protons 
in the phenylchlorogermanium compound were obtained from a comparison of 
experimental lineshape parameters with those from calculated spectra using 
the Gutowsky-Holm [ 211 total lineshape equation for a two-site exchange. 
Details of the method of calculation have already been discussed elsewhere 
[20, 221. &J is temperature dependent (Fig. 1); the transverse relaxation time, 
T2, is also temperature dependent as evidenced from viscosity broadening in 
the region of slow eschange [e.g. for (CBH,)CIGe(acac)Z, Wllz at 13.2” is 2.37 Hz 
for the low field (LF) line and 2.55 Hz for the high field (HF) line, but at -53.9” 
the corresponding values are 2.68 and 2.75 Hz]. 



181 

i I I 



182 

Values of 6v, (chemical shift separation in the absence of eschange) at 

temperatures in the region of exchange were obtained from linear-least-squares 
estrapolation of the temperature dependence of 6u in the slow eschange region. 
Values for 6u, (Hz) at slow eschange are for (C&H,)ClGe(acac),: 21.64 
(-53.97, 20.92 (-31.7”), 20.55 (-8.1”), 20.25 (5.6”), 20.06 (13.2”), and 
19.86 (20.8”); other values are summarized in Table 1. 

Transverse relaxation time values, T?, = Tlbr were estimated from linewidths 
of the acetylacetonate CH= proton signal of (CH3),Sn(acac)2 in CDC13/CC14/ThlS 

[ 231. 
At and above coalescence, T values were obtained, in general, by comparing 

esperimental and calculated values of WI14, IV,,,, and $V3,4. Below coalescence, 
mean residence times were estracted from a comparison of R, 6rq, WI14, Nllz, 
and 1V13,4_ Lifetimes presented in Table 1 represent average T values in which 6v, 
was given a weighting factor of two. In addition, values of au, which fall on or 
close to the least-squares lines of Fig. 1 were not used as these yield anomalous 
7 values. 

In the case of (C&H,)C!Si(acac),, the above technique was not employed 
owing to the unavailability of 6v values in the absence of eschange (cf. Fig. 1) 

RI. 1. Temgerature dependence of the chemical shift separation. Cv. dwing exchange for the (C6H5)Clh1- 

(acac)~ (M = Si. Gel and (CH3)CIGe(acac):! (see text) complexes in chloroform-d/carbon retrachlonde 
solutions. 



TABLE 2 

RESULTS FROM COMPCITER FITTING OF NhlR SPECTRA OF (C6H5+cISl(ZiC3C)2 IN CDC1pXlrr 
SOLUTIONS 

Temperature T, x IO” 
CC) (secl 

fb x lo3 
(set) 

1 n h (= El 
<net-ii 

-696 35.7 z l.Ob 33.9 r 0.9 29 
-64.9 287109 ‘X.9 = 0 8 36 
-61.3 19.8 - 0.6 18.8 I 0 6 52 
-57.7 (T,) 12.7 = 0 1 12 1 : 0.1 81 
--19.3 9.5 : 0.2 7 9 : 0.3 I16 

iarb 
UT= -. ’ SUndud error. 

TJ + 7t.l 

which are required as part of the input data in the ccmputer program. Instead, 
NMR spectra were digitized point by point as intensity vs. frequency in Hz. 
Digitization and computer-fitt&tg of the spectra were accomplished as described 
earlier [ 241. Partial data from the computer-fitted spectra ‘are summarized in 
Table 2. 

The order of the kinetics of environmenU averagmg of C:H= protons in the 
phenylchlorogermanium and phenylchlorosilicon acetylacetonate complexes was 
ascertained by assessing the mean lifetimes at four or five different, concentrations 
in t_he range: (C6Hi)C1Ge(acac)2, 0.22 to o.aSns;(C,H,)ClSi(acac),, 0.095 to 0.31 M. 

Results and discussion 

Stereochemistry 
The six-coordinate nature of RClSi(aca~)~ (R = CH3 WKI &I-IS) is confirmed 

by infrared spectroscopic evidence; there are no carbonyl stretching bands 
above 1600 cm-’ indicating that both carbonyl osygens are bound 125] to the 
central metal atom. Phenylchloro- and diphenyI-germanium acetylacetonate 
are also sir-coordinate. Two drstereomeric forms are possible for these com- 
pleses; one diastereomer with the monodentate R, C1 ligands CIS (point group 
C,) the other with the R and C1 groups tram (C?,.) for RCIM(acac), compleses. 
The diphenylgermanium comples may also afford cis (C,) and tram (DZh) 
isomers. Acetylacetonate terminal methy groups in the C,-ty+e compounds 
are symmetry nonequivalent and thus should eve rise to four methyl proton 
resonances and two ring proton (CH=) signals in the NMR spectrum. The trarzs 
Cat, complexes should afford one acac-methyl and one CH= resonance are es- 
of cis-(C,H5)zGe(acac)2, two methyl signals and one CH= resonance are ex- 
pected; the ttuns form should reveaJ only one CH3 and one CH= NMR resonance. 
Variable temperature Nh4R spectra of the methyl and ring proton region for 
the phenylchlorogermanium comp\ex are presented in Fig. 2; those for the 
silicon analogue are illustrated in Fig. 3. Observation at low temperatures of four 
methyl proton signals, (the low field doublet unresolved in Fig. 3 at the lowest 
accessible temperature, -SO”) and two acetylacetonate ring proton resonances 
for both the phenylchlorogerrnanium and phenylchlorosilicon acetylacetonates 
is consistent with these complexes adopting the CIS diastereomeric form. In 



~,g. 2. SMR S.~CX~EI 10r the ~ceryhcelonxe nw proLoo region (in CDCIJICCIA) and methyl rwon (111 
CDCl$ LX_S a iuncr~on of tempcrzrure for cls-(CgH;)ClGe(acsc),. Dahed lines refer Lo resonances altnbuled 

to Lhe trans Somer (see re%r) 

addition, a small, but perceptible resonance is likewise observed in the methyl 
and ring proton spectral regions. This signal (dashed line in Figs. 2 and 3) is 
attributed to a small amount, ( S 5%) cf the Crans-(C6Hj)Clhl(acac), complexes 
[ 201. 

Variable temperature NMR spectra of the methylchlorosilicon acetyl- 
acetonate comples in chloroform-d/carbon tetrachloride solution (0.457 M) 
reveal two methyl-proton signals (low field resonance more intense), and a 
single, broad line (linewidth 1.10 Hz at 28”. 3.95 Hz at -68”, and 7.45 Hz at 
-76”) for the ring proton CH=. These observations are also suggestive that the 
compound adopts the cis structure, at least at low temperatures. Our efforts 
with the diphenylgermanium complex proved less successful. Spectra (ia 
CDCIJ/CCIJ; 0.243 AI) revealed a singie methyl (W,,? = 4.12 Hz at -80.6”) and a 
single CH= proton signal ( Nil2 = 3.90 Hz at -80.6”). An unequivocal assignment 
of stereochemistry in solution is precluded by the above data; linewidths of 
CHJ and CH= proton resonances are nearly the same (for the cis isomer, one 
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cm la:&:, cHjf’<3:l 

fcc;cl-qccl,l fC-+LJ _ _ 

Fig. 3. NMR spectra for Lhe z.ceLylacetonaLe nng proton (in CDCl31CC14) and methyl proton reaoo 
(in CH$IZ) as a function of temperature for Lhe cis~(C&5)CISl(scac)~ complex. Dashed hnes refer to 
resonances oirnbuwd to a small amount of lrans ~.orner (see text). 

ring proton and two methyl signals are expected, as noted before). However, we 
believe that the comples probably esists in the cis form on t-he basis of the 
following evidence. The analogous diphenyltin complex is unequivocally cis in 
solution 1261. Further, phenylchlorogermanium acetylacetonate is more labile 
[2] (see below) than the_corresponding tin comples. Thus, it is not unreasonable 
to expect that (C,H,),Ge(acac), be more labile than (C,H,),Sn(acac),. For the 
latter comples, T, for methyl signals - -40” and 6~ at -60” is about 3.5 Hz 
[ZO, 261. It is not surprising then that coalescence behaviour for the germanium 
compound has not been observed. 

Kinetics of environmental averaging 
Broadening and collapse of the two acac ring proton resonances and the 

four methyl signals (Figs. 2 and 3) into single, sharp lines in the high temperature 
Limit is attributed to an environmental averaging process which time-averages 



pug. -1. dog k X..SNS I/?- ksx-squaes plots ior acerylscetoru~e ring proton eucbsrge WI (C6H;)Clhl(acac)? 

(31 = SI. Ge) and ,n (CH#.ZIGe(ac.e)? (see It-xc) complexfs. k = (113 T) is the f&l-order rsk constant for the 

envuon_menraI averagmg prowess. For the melhylchlorogermamum complex k refers to tbe second.order 
r;ite constant ior exchange (ci. ret 11). 

the CH= protons and methyl groups between two and four nonequivalent sites 
in the CIS C, isomer of the (C,HS)CIXl(acac)3 compleses. Description of the 
four-site exchange process in these compounds requires sin, independent, 
first-order rate constant-s. However, owing to the temperature dependence of 
the transverse relaxation times T,, ar.d to the complexity of the analysis of 
four-site eschange, we have chosen to investigate environmental averaging via 
line broadening of the acetylacetonate ring proton signals. To describe the latter 
eschange process requires only one first-order rate constant. Mean residence 
times, 7 = TJ~/(T, + To), for the phenylchlorogermanium compies (Table 1) were 
obtained from a comparison of the esperimental spectra with spectra computed 
by the Gutowsky-HoIm [211 equation (see experimental section). Lifetunes 
for the two-site process in (C6H,)C1Si(acac)z (Table 2) were obtained from a 
computer fit of the acac ring proton sign&. Concentration dependence of the 
mean residence times demonstrates that the environmental averaging process is 

independent of concentration and is first order. 
.-hen& activation energy, E,, and frequency factors, A, were obtained 

in the usual manner from the slope and intercept, respectively, of the least- 
squares straight Iine plots of log k versus l/T (Fig. 4), where k = (l/2 7) is the first- 
order rate constant for exchange. Entropies of activation, AS’ were obtained 
from the espression AS’ = R[ln A - In RT/Nh I_R. Arrhenius and Eyring 
activation parameters, along with values of k at 25” are tabulated in Table 3. 
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TABLE 3 

ARRHENIUS AND EYRING ACTIVATION PARAhlETERS AT 25” FOR ENVIRONhlENTAL 
AVERAGING IN SOhlE (CrjH.j)CIM(acac)2 COhlPLESES IN CDCl3!CCI4 SOLUTIONS 

Paramewrs hl = Ge hl = Sl hl = Sna 

Ea (kcallmol) 12.8 : 1.2b 6.4 : 1.0 12.7 - 2.0 
log .4 12.3 = 0.8 8.3 r 1.0 9.9 I 1.4 
AH= (kcallmol) 12.2 * 1.2 5.8 z 1.0 12.2 c 2.0 
XiF (eu) -13 1.4 -22 r5 -15 +6 
OC’ (kcallmol) 16.12 : 0.07 12.5 : 0 -1 16.61 2 0.12 
k (rcc-‘) 9.4 4 2 x 103 4.1 

T, (‘Cl 44.5 -54.7 46.0 

o In CDCI3 solutions 1201. ’ Random errors; rstrmared aL Lhe 95% confidence level. 

Also included for comparison are values for the two-site eschange process in 
the phenylchlorotin acetylacetonate complex 1201. Of interest are some recent 
studies [ 131 on the dichlorogermanium dipivaloylmethanate comples in 
equimolar diphenylmethanelm-dimethosybenzenene solutions; E, = 25.2 + 1.4 
kcal/mol., AS’ . . =-1 It- 30eu and/- -=3X lo-“set-‘. 

Owing to the temperature hepen$&ce of the transverse velauation times 
throughout the temperature range at which kinetic data are reported, values of 
the activation parameters of Table 3 for the organogermanium and organosilicon 
chelates may be subject to some appreciable systematic errors. These have 
been discussed elsewhere [20]. Suffice it to note here that the en-or limits in 
the activation parameters (Table 3) represent the random scatter of the data 
points in Fig. 4, which illustrates log /z versus l/T least-squares plots for the 
(C6HS)CIM(acac)2 (M = Ge, Si) and for (CHJ)CIGe(acac)_7 chelates. Environmental 
averaging studies on the latter comples will be reported in a subsequent publica- 
tion [ 141. Also, it may be noted that a reasonable uncertainty in T, may lead 
to systematic errors of the order of f. 1 kcallmol in the energy of activation 
and + 4 eu in the activation entropy [ 221. 

Some features of Table 3 are noteworthy. The rate of environmental 
averaging of CH= protons in the organo-germanium, -silicon, and -tin compleses 
increases as the metal vties in the order Sn ‘= Ge <Z Si. The energy of activation 
varies according to Sn = Ge 9 Si, E, for (C6H5)C1Si(acac), being about 6 kcall 
mol lower than that of the corresponding germanium and tin complexes. This 
is unespected if the rearrangement process occurs via a metal-oxygen bond 
rupture mechanism (vide infra) since metal-osygen bond strength increases 
(for gaeous diatomic molecules) in the order Sn-0 (125 kca.l/mol) < Ge-0 
(157 kcal/mol) < Si-0 (188 kcal/mol) [27]. Of significance is the energy of 
activation (25.4 ? 1.4 kca.l/mol) in the envirGnmentai averaging of terminal 
t-butyl groups in the complex C&Ge(dpm)?, where the favored mechanism for 
the rearrangement process was rupture of a germanium-oxygen bond* 1131. 

1 Although the complexes CIZGe(dpmI2 and (C5Hg)ClGe(acac)2 have been uwestigated III difierent 
solvents. drpbenvlmetbaoelm Imethouybenzene versus chloroform-d/carbon tetrachlonde, respecti- 
vely. solvent effecrs are not expected to contribuLe more Lban - l-2 kcd/mol to E, !cf ref. 281. 
Also. the mture of fidiketonate &and. dpm vs. acac does not appear to have signrficance in the 
value of E, [cf. ref. 131. 
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