


The properties of the tetramethyl fulvenc ;igand with 
respect to C-H activations m thus dual in character: it 
may serve as a sink or as a source for hydrogen atoms. 

In the trivalent titanium compound Cp’ FvTi, multi- 
ple H/D exchange occ”rs between the fulvene and 
C,D,. demonstrating that tbe much weaker Lewis acid 
Ti can also activate C-H bonds (cf. Ref. 131: the 
thermally very stable atyl derivative CplTiPh, how- 
ever. was never observed in these exchange processes). 
Recently, we found a high yield toute to tetravalent 
Cp f FvTiCI. a versatile starting material for the synthe- 
sis of titanium fttlvene derivatives Cp z FvTiR (R = 
alkyd. aryl). We studied the thermolysis of these com- 
pounds to establish thermal rearrangements involving 
C-H activations. with the objective of using these 
reactions for stoichiometric or catalytic transformations. 
Here we report on the outcome of this introductory 
study. 

2. Results 

The :tatting material for compounds Cp * FvTiR is 
the monochloride derivative Cp- FvTiCl (1) 191. Com- 
plex 1 is prepared in high yields from the pammagnetic 
Cp’ FvTi by oxidation with PbCI, 1171 (Eq. (I)). The 
chloride in 1 may be substituted for alkyl or aryl group 
by salt metathesis with alkali metal alkyl or Grignard 
reagents Q. (2)). Reaction of 1 and EtLi yields the 
ethene adduct of titanocene Cp; Ti(9’-C2H,) [IS], 

without observation of the likely intermediate 
Cp. FvTiEt (Eq. (3)). 

Cp * FvTi + 0.5PbC12 4 Cp * FvTiCl + O.5Pb (I) 
Cp ’ FvTiCl + RM --) Cp * FvTiR + MCI (2) 
R=fh (3). = Nrr.iVrrCI; R=Me (2) [2], 

CH,SiMe, (S).CH,CMe, (6). 

CH=CH?(7),M=Li;R=CH,Ph(4). 

M=K:R=C,H,(S),M=MgCI 

Cp’FvTiCI + EtLi +Cp;Ti($ -CLH,) + LiCl (3) 

The spectroscopic properties of 2-7 are consistent 
with the formulation as fulvene alkyl complexes. De- 
tailed information on the structure of compounds 1-8 in 
solution was obtained by NMR techniques (Tables l-3). 
The methyl substituents of the fulvene ligand in 1 give 
rise to four distixt singlets at 1.20, 1.44, 1.72 and 
2.16ppm. The diastereotopic protons of the exocyclic 
methylene group of the fulvene ligand are observed as 
two characteristic doublets at 1.48 and 2.63ppm. The 
HMBC spectrum in combination with NOE data allows 
a complete assignment of these resonances [‘H-detected 
multiple bond correlation (HMBC); IIUC~.X~ Overhauser 
effect (NOE); rotating frame Overhauser enhancement 
spectroscopy (ROESY)]. The chemical shift increases 
along the ring in one direction, with the resonance of 
the methyl groups at highest field next to the highest 
field resonance of the two methylene protons (and vice 
versa for the lowest field resonances, cf. Fig. I). The 
resonances of the fulvene methyl and methylene groups 
of the other compounds (2-7) are listed in Table 3, 
along with those of other known Cp’ FvTiR com- 

Proion NMR dara of group R m Cp . FvTiR 
CWnpoU”d *s*,gnment 
Cp’ FvTiPh (3) Ph 

S (ppm) tnt (H) m I(HH) (Hz) 
5.97 2 PI 7.3 
7.0 3 m 

Cp FtTiBz (4) 

cp- t=\‘TiCH,CMe, (5) 

CH, -056 
243 

Ph 6.31 
6.97 

CH, 0.71 
-1.39 

CM=, 1.03 
C~‘F~TICH,SM~,(~) CH2 0.19 

- I.32 

Cp’FvTiC,H,(‘Il 
SiMe. 0.13 
Ti-Gil 5.17 
C=CH, E 5.67 

Cp’FvT,tC1HS)t8) 

CD’ FvTiCHCHMe (9.41”C) 

CH 
CH, 
Me 

L 4.25 

I d 13.2 
I d 13.2 
7 m 
3 “1 
1 
I 

d II 
d II 

9 s 
I d IO.6 
I d 10.6 
Y 
I L 18.9. 14.8 
I dd 14.8.4 
I dd 18.9.4 

3.95 I 
2.27 4 
1.8 3 

CH 4.61 I d 17.1 
4.33 I du 17.1.5.5 



Table 2 
“C NMR &W of CQ F”T,R eompo”“da 
C”lllpX”d Assignment 6 (Qpm) nub W-H) 
kemQeralult) (Hz) 

Cp . FvTiCI (1) Cp‘ 12.43 q I26.6 
C,Me, 

Cp’ FvTiPh (3) 
=CH, 

CP’ 

=CH, 
Ph 

Cp’ FvTiCH!Ph (4) Cp’ 

C,Me, 

GM=, 
=CH, 
Ti-CH, 
ph 

Cp’ FvTiCH,CMe, (5) Cp’ 

C,Mr, 

=CH? 
TiCHI 
c Me, 
CM+ 

Cp‘FvTiCH,SiMe,(6) Cp’ 

l?l.‘tl \ 
IO.60 q 
11.12 q 
11.56 q 
15.37 q 

125.8 % 
121.58 s 
126.0 I 
129 I 
136 s 
79.04 t 
11.88 q 

120.01 
14.65 r; 
10.83 q 
IO.82 4 

122.2 5 
124.8 s 
127.5 s 
128.48 s 
130.9 s 
78.6 , 

123.05 dt 
125.61 dd 
126.9 dd 
128.57 h 
129.15 dl 
200.95 s 

12.25 q 
126.6 

10.66 t 
11.16 q 
11.59 9 
13.71 cj 

119 I 
77.68 t 
55.28 I 

149.86 s 
I22.4, d, 
127.21 drn 
131.26 dm 

12.92 q 
119.41 s 

11.2 cJ 
11.7 q 
13.07 q 
lb.27 9 

119.8 I 
125.4 9 
127.3 s 
1275 5 
130 s 
77.1 t 
67.2 t 
37.2 q 
3704 s 
12.58 c, 

118.9 5 

126.6 
,265 
126.6 
126.6 

153.1 
126.6 

127.6 
126.6 
126.6 

I49 
158.1 
155.7 
153.7 
152.8 
150.8 

126 

126.6 
126.6 
126.6 
126.5 

149.9 
118.6 

159.7.5 
162.1 
153.2 
126.4 

125.6 
125.5 
126.6 
126.6 

149.6 
117.4 
123 

126.6 

Assignment S (ppm) muh W-H) 
(Hz) 

C,‘=, 10.84 a 125.6 

c, Me* 

=CH, 
TiCH 1 
SiMe, 

Cp’ FvTiC?H, t7I CQ’ 

C#, 

=CH, 
Ti-CH 
CH=CH 

cQ’FvTiC,H, (8. 10°C) Cp’ 

II.41 6 
12.35 9 
15.65 q 

119.9 s 
125.0 1 
125.8 s 
126.6 s 
130.1 
76.11 f 
45.76 I 

6.11 9 
12.17 9 

118S2 E 
IO.58 tj 
IO.69 9 
10.87 q 
16.66 9 

120.84 s 
121.40 5 
123.99 s 
I2598 s 
76.20 I 

2tR.O d 
113.6 Id 

12.17 TV 
111.98 I 

11.14 q 
II.35 4 
12.43 9 
13.02 cl 

112.76 s 
113.61 6 
115.57 5 
116.05 I 
125.39 s 
ti.69 t 

121.99 d 
62.6 I 
12.02 9 

118.8 
1057 ; 
10.66 4 
10.84 cl 
15.9 g 

120.63 I 
121.7 b 
125.63 I 
130.6 I 
75.99 t 

120.% d 
d 

125.4 
124.1 
126.6 

I50 
107 
117 
126.1 

1255 
126.6 
127.3 
126.6 

1 

126 
126 
126 
126 

c, Me, 

‘CH, 
CH 
CH, 

CQ’ FvTiCH=CHMe (9) Cp’ 

152.9 
I46.8 
151.1 
125.7 

126.3 
126.3 
125.7 
126.9 

GM% 

=CH, 
TiCH 
C= CH 

1495 

C=CHM~ 24.82 q 123.9 

pounds. The fulvene methyl groups show four singlets 
which can be separated into folw gtwps at mean klan- 
dard deviation) of 1.24 (0.026). 1.44 @M26), 1.66 
(0.17) and 2.01 (0.29)ppm. The latter two ate very 
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Tahk 3 
‘H NMR dilla of Cp‘ annd Fv ,if”wJr in Cp‘ FvTlR in C,D, 

C, Me’ Ph CH$b CH,CMr, CH&Me, Vinyl Ally, CH=CH(Me) C(Me)=CH, ’ CtMe)=CH, ’ 

1.79 I .7-l 1.62 1.82 I .8J 1.79 I .73 I.695 I.739 1.784 I 782 
1.20 1.26 1.27 1.20 1.21 I .26 I.22 I.212 I .?5 I.268 1.226 
1 .a3 I .47 I .47 1.4” I .42 1.4, 1.4, I .A44 I .A45 I .45 I .46?l 
17, I67 I.62 1.28 1.95 1.83 I .59 I.722 I.622 I.675 I.683 
2.I.F 2.63 1.29 2.15 2.40 2.19 I.96 I .8W I .8W I .998 2 032 

CH, I .A7 1.11 I A8 ,.I8 I.22 I.24 :.24 2.173 1.322 1.348 14n6 
2.62 1.92 I .93 1.99 I .9lJ 2.0, 1.31 2.793 I.805 I.908 I .90 

receptive to changes of the group R, the low field 
resonance showing the largest fluctuations. The reso- 
nances centred around I .24 and 1.44ppm on the con- 
n-my are found practically unchanged throughout the 
whole series of compounds. The same trend is found for 
the diastereotopic protons of the exocyclic methylene 
=oup. where one resonance is found at I.31 (standard 
deviation 0.1 I). the other at 1.93ppm (0.3 ppm). This 
indicates that the methylene (in particular the proton 
with the low field resonance) and one methyl group are 
in the very close vicinity of the substituent R. For the 
solution shuctore of these compounds we therefore 
propose that the methylene is pointing away from the 
plane tbmugh the ring centroids and Ti, with R binding 
between the methylene and one methyl group, as visual- 
ized in Fig. I. This is corroborated by the NOE between 
Cp‘ and the fulvene methyl groups at I .2 (strongest) 
and 1.4ppm (weaker), the only signals due to cross-re- 
laxation between the Cp’ and the Fv ligand in the 
ROESY spectrum of 1. It indicates that one side of the 
fulvene ligand is tilted towards the Cp* (Fig. I(b)). 

A coordinated fulvene can be considered as either a 
neutral or a dianionic ligand, and along this line of 
argument the fulvene complexes are Ti(Il), respectively 
Ti(lV), compounds 1201. One distinguishing property is 
the hybridization of the fulvene methylene group (cf. 
Ref. [21]). The chemical shift and the C-H coupling 
constant of the “C NMR resonances in compounds l-7 
are characteristic of an olefinic sp’ centre. The reso- 
nance is found between 75 and 79ppm with J(C-H) > 
150Hz. In the ally1 derivative 8. this resonance is 
shifted to somewhat higher field (at 64ppm. ‘J(C-H) = 

153Hz). but this is due to the $allyl group. This 
bonding also has B marked influence on the colour of 
the compounds: 1-7 are green but 8 is orange. The 
green colour results from a weak absorption band around 
h=650nm (E,,,,,= 100 I mol ’ cm ’ ), probably origi- 
nating from a d-d tmnsition. This also demonstrates 
that these complexes contain at least partly reduced 
TXIV), and indicates G neutml oleiinic coordination for 
the fulvene ligsnds. 

With the synthesis of 2-8, a series of structurally 
comparable fulvenes has become available, which were 
subjected to thermolysis. The decomposition pathways 
of Cp * FvTiR show a remarkable dependence on the 
group R. In a number of cases Ti-C bond homolysis 
was observed. in other cases decomposition follows a 
concerted pathway, the fulvene ligand accepting or do- 
nating a hydrogen. Cp’ FvTiPh (3) is thermally very 
robust and no decomposition was found after four days 
at 150°C in toluene-d,. 

2.2.1. Radical decornposizion 
Heating the benzyl deriutive Cp’ FvTiCHIPh (4) to 

110°C results in the formation of trivalent titanium 
compound Cp _ FvTi along with I ,Zdiphenylethane (Eq. 
(4)). This contrasts with the orthometallation observed 
in the thermolysis of Cp’ FvMCH,Ph to yield 
Cp, MCHI-n-C,H, (M = Zr [I 11. Hf [4]). Reduction to 
trivalent Ti is often a favourable option in titanium 
chemistry, det!.;itely with the inherently weak metal- 
benzyl bond [the observed correlation between D(M-C) 
and the corresponding D(H-C) implies that the M- 
CHzPh bond is weaker than. for example. the M-CH, 
bond, as the C-H band in toluene is weaker than the 
C-H bond in methane [22]]. whereas in the heavier 
Group 4 congeners concerted pathways are preferred 
(see for example Ref. [23]). Titanium is apparently too 
smell to let the benzyl ligand reach the transition state 
for a C-H activation, and bond homolysis becomes 
energetically the lowest pathway. 

Cp’ FvTiCH?Ph + Cp‘ FvTi + 0.5(PhCHZ)? (4) 
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2.2.2. Concerted decontposition 
Decomposition to a tetravalent titanium compound is 

observed for 5-8. Tbermolysis of Cp’ FvTiCH$Me, 
gives the double metallated product 
Cp’[C,Me,(CH,)2iTi (Eq. (5)). The reaction follows 
first order kinetics for at least three half-lives, with 
AH’ = 110(l) kJ mol-’ and A S’ = 
-3OWJ(mol-’ K-‘) between 300 and 325K (Table 
4). These values are characteristic of intramolecular 
C-H activations in early transition metal compounds. 
proceeding through a u-bond metathesis [2-4,8,17] 
(thermolysis studies of hydrocarbyls [24n 
Cp‘FvTiCHzR’+Cp’[C,Me,(CH2),]Ti+CH,R’ 

(5) 
R’=H [11,12],CMe,,SiMe, 

The trimethylsilylmethyl derivative 5 is much more 
stable, it only transforms noticeably into 
Cp’[C,Me,(CH,)lJTi and Me,Si at temperatures over 
370K. In contrast, its decomposition does not follow 
first order kinetics. An initial slow decomposition is 
followed by a faster process (Fig. 2). No efforts were 
made to elucidate this process in detail, which can be 
quite complicated in these systems, as was found in the 
thermolysis of Cp; TiR [25]. The methyl derivative 2 
also thermolyses to give Cp’[C,Me,(CH2)IjTi. For 
this reaction to proceed, even temperatures well over 
400K are needed [ll,l2]. 

The ally1 derivative 8 isomer&s to 

Cp’FvTiCH=CHMe (9) [26]. In this proms, re- 
venihle hydrogen migration to Fv and from the inter- 
mediate formed Cp’ ligand takes place thrwgh four 
observable intermediates, Cp; TXCH2 =C=CHZ), two 
isomers of Cp’ FvTiCMe=CH, and Cp; TitHC-CMe). 
The details of this reaction are the subject of another 
paper [ 191. 

3. Concluding remarks 

A series of derivatives of the type Cp’ FvTiR was 
prepared. The suoctore in solution could be described 
on the basis of its NMR properties. It shows that the 
folvene is bound as polyolefin, rather than as a cy- 
clopentadienyl-alkyl; the --metry is such that the 
reactive exocyclic methylene. the H-accepting entity, is 
in the very close vicinity of group R. C-H bond 
breaking in group R though is only observed for R = Et, 
allyl. which both have B-hydrogen atoms, and for the 
ortho hydrogens of the phenyl group in 3, as was 
demonstrated by the slow H/D exchange between a 
deuterium labelled ph-d, group and the folvene and 
Cp’methyl hydrogens 141 (this was alsa observed in 
Cp’CpTi[Ph-d,] [27D. The derivatives with khydm- 
gem in a flexible chain can be orientated towards the 
exocyclic methykne of the folvene l&and, awl the 
activation of the CH bond in group R can occur without 
much activation energy. 

Evidence for the activation of a or y C-H bonds 
was not found. la the thermolysis of the subclass of 
derivatives without f%hydmgens, Cp f FvTiCH2R’ (R’ = 
H, CMe,, SiMe,), a hydrogen is abstracted from a 
methyl group of the fulvene ligmxl to yield 
Cp’[C,Me,(CH,),jri. For R’= CMe, this is a facile 
process, in comma to derivatives with R’ = H or SiMe,, 
where considerably higher temperamres are necessary 
for conversion. This could be the consequence of B kind 
of pre-orientation of a fulvew methyl group towards the 
neopemyl ligand in 5, whereas this is not the case in the 
methyl, trimcthylsilylmethyl or benzyl derivatives. An- 
other reason may lie in electronic differenas which 
cause the neopentyl as the most electran-rich derivative 
to decompose the fastest. Its HOI+40 has the greatest 
spatial extension. allowing the facile proton abstracti 
of a folvene methyl group. The tbermolysis of com- 
pound 6 indicates that an additional reaction path be- 
comes accessible at higher temperatures The same 
seems to hold for the benzyl derivative 7, where dx 
additional pathway is a Ti-C bond homolysis. 

All opemtions were performed in an inert atmosphere 
with rigorous exclusion of oxygen and mois~re using 



Schlenk, vacuum-line or glove-box techniques. Solvents 
were thoroughly dried (ether, THF and pentane over 
Na/K alloy, toluene over Na) and distilled prior to use. 
C,D, and THF-d, were vacuum transferred from Na/K 
alloy. IR spectra were recorded on a Mattson Galaxy 
spectrometer as Nujol mulls between KBr disks. NMR 
spectra were recorded on Bmker WH-90, WM 250, AC 
250 or DRX 600 Avance, Jeri FX-90Q 01 JNM GX400 
or Variaa VXR,SM) spectrometers. Chemical shifts are 
reported in parts per million and referenced to residual 
protons in deuterated solvents (C,D, S= 7.15ppm; 
THF-d, S = 3.58ppm) for ‘H NMR and to chamcteris- 
tic moltiplets for “C NMR CC,D, S= 127.98ppm: 
THF-d, 6 = 67.4ppm). Elemental analyses were carried 
out at the Microanalytical Department of the University 
of Grooittgen. 

Cp * FvTi (0.632 g, 1.99 mmol) [25] was dissolved in 
2Oml of THF. PbClz (0.551 g, 1.98mmol) was added 
and the mixture was stirred for 0.5 h doting which time 
the coloor changed to green. The THF was removed in 
vacuom and the mixture was exhxted with pentane. In 
several crops, 0.648g of 1 (1.84mmol. 92%) was iso- 
lated as dark green crystals. IR (cm-’ ): 3060 (w), 2720 
(w), 1070 (w), 1020 (s), 950 (w), 930 (tn), 835 (m), 770 
(w), 7 10 (w), 680 fw), 490 cm), 410 (w), 365 cm). Anal. 
Found: C, 67.34: H. 8.18; Ti. 13.35: Cl, 10.12. 
C,H,,CITi Calc.: C. 68.09: H. 8.29: Ti, 13.58; Cl, 
10.05%. 

Cp ’ FvTiCl (0.264 g, 0.748 mmol) and PhNa NaCl 
(0.270 g, 1.7mmol) were stirred for 4h in IOml of 
pentane. The solution was filtered and concentrated. 
After crystallization at - 80 “C, 134 tog of 3 (0.34 mmol, 
45%) in the form of green crystals was isolated. IR 
(cm-‘): 3050 (m), 2720 (w), 1560 cm), 1410 cm), 1365 
(w), 1235 (w), 1160 (w). 114’ (w), 1080 (w), 1050 (w), 
1025 (s). 995 (w), 860 cm), 830 cm), 800 (w), 730 (vs), 
710 (vs), 620 (w), 590 (w), 515 (m), 420 (w). Anal. 
Found: C, 78.82: H, 8.64; Ti, 12.12. C2,H,,Ti Calc.: C, 
79.19; H, 8.69; Ti, 12.14%. 

4.4. Cp ’ FrTiCH, P/t (4) 

Cp . FvTiCl (0.272 g, 0.770 mmol) and KCHz Ph 
(0.163g. 1.25 mm00 were stirred in IOml of toluene for 
18h. The solvent was evaporated and the residue was 
extracted with lOm1 of pentane. Crystallization at 
- 80°C yielded 0.079 g of 4 (0.397 mmol, 52%). IR 
(cm-‘): 3060 (~1.3040 (WI. 2720 (w), 1590 cm), 1095 
(ml, 1070 (w). 1020 (m), 900 (w), 845 ‘w), 8Oil (w), 
740 (s), 700 (61, 500 (WI, 480 (w). Anal. Found: C. 

78.37: H, 8.80; Ti, 11.89. C,,H,,Ti Calc.: C, 79.39; H, 
8.88; Ti, 11.73%. 

4.5. Cp' FcTiCHJMe, (5) 

Cp ’ FvTiCl (572 mg. I .62 mm& was dissolved in 
5 ml of pentane and at 0°C 6.5 ml of 0.25 M LiCH,CMe, 
(I .62 mmol) was added. After stirring overnight at room 
temperature, the solution was filtered and concentrated. 
Ctystal!ization at -80°C yielded 370 mg of 5 
(0.953 mmol, 59%) as green crystals. IR (cm-’ ): 3040 
(w). 1650 (w), 1355 cm), 1250 cm), 1200 (m), I080 (w), 
1060 (w), 1020 (s). 850 cm), 840 tm). 600 cm). 470 (w). 
Anal. Found: C, 76.83; H, 10.24; Ti, 12.43. C,,H,,,Ti 
Calc.: C, 77.29: H, 10.38; Ti, 12.33%. 

4.6. Cp ’ FrTiCH2 SiMe,l (6) 

Cp * FvTiCl (699 mg. 1.98 mmol) and LiCH z SiMe, 
(183mg, 1.94mmol) were suspended in IOml of pen- 
tane at 0°C. After stirring overnight the solution was 
filtered and concentrated. Crystallization at -80°C af- 
forded 585 mg of 6 ( 1.44 mmol, 73%). IR (cm- ’ ): 3060 
(w), 2720 (w), 1350 cm), 1280 (w), 1250 (to), 1240 (s), 
1070 (w), 1020 (s), 920 (w), 890 (vs), 850 (bs). 740 (s), 
720 (s), 660 (s), 600 (w), 580 (w), 550 cm), 470 (w). 
Anal. Found: C, 71.40; H. 9.97; Ti, 11.77. C,H,,,TiSi 
Calc.: C, 71.37; H, 9.97; Ti, 11.84%. 

4.7. Cp ’ FtTicC, Hz ) (7) 

Cp * FvTiCl (0.4868, 1.376mmol) was dissolved in 
IOml of ether. At mom temperature, 7.25ml of a 
0.19 M LiCZH, solution in ether was added to this 
mixture. The colour became bluish-green. After stirring 
for 24h the solvents were removed in vacoo, and the 
resulting sticky mass was extracted with pentane. After 
concentrating the solution to approximately I ml. the 
vessel was held at - 80°C for three days, during which 
time a greenish-blue precipitate formed: lO8mg of 7 
(0.32mmo1, 23%). IR (cm-‘): 3080 (VW), 3030 (w), 
27020 (w), 1780 (w), 1540 (w), 1210 cm), 1170 (wi, 
1070 (w), 1025 (s), 930 (w), 900 (s), 850 cm), 830 (m), 
800 (w), 740 cm), 6M) (w), 580 (w), 530 (m), 4M) (w). 

Cp ’ FvTiCl (0.978 g, 2.77 mmol) was dissolved in 
IOml of THF and at -6O’C 3.0ml of 0.94M 
C,H,MgCI in THF(2.8mmol) was added. The reaction 
mixture was warmed slowly to 0°C. The colour changed 
to orange. The reaction mixture was evaporated to 
dryness and extracted with pentane. Cooling the pentane 
extracts to -80°C yielded 309mg of 8 as orange 
crystals (0.86 mmol. 3 I %). During synthesis and work- 
up, the temperature did not exceed O’C IR (cm-‘): 



3080 (w), 1530 cm), 1270 (w), 1165 (w), 1070 (WV), 
1020 (5). 830 cm). 805 (m), 775 (w). 605 (w), 590 (w). 
Anal. Found: C, 76.36; H, 9.52; Ti, 13.72. Cz,H,,Ti 
Calc.: C. 77.08; H, 9.56; Ti, 13.36%. 

4.9. Kinetic study. of decornposirion 

The rate of decomposition of compound 5 was fol- 
lowed by monitoring the decay of the ‘Bu signal in the 
‘H NMR spectrum. Under experimental conditions, 
0.02 M solutions in C,D, in sealed tubes were heated in 
a Bruker WH-90 spectrometer. For 6. sealed Nbes 
containing the compound in C,D, solution were heated 
in a thermostated oven. Periodically ‘H NMR spectra 
were recorded after cooling to room temperature. Tem- 
peratures were constant within 0.2”C. Other decomposi- 
tions were monitored in a similar way. 
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