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A. The different conformations of the cyclohexyl groups 
probably play a role in determining the Sn-N distances 
(and the C-Sn-C angles as well). Some support for this 
notion is provided by a recently published structure of a 
hydrated tributyltin cation B U ~ S ~ ( O H ~ ) ~ +  in which more 
nearly identical Sn-O bond lengths of 2.295 (4) and 2.326 
(5) A were reported.s 

Compounds 1 are effective promoters of Diels-Alder 
additions to furan (eq 3). The 7-oxabicyclo[2.2.l]heptene 

n 

Q + q X - k X  Y Y (3) 

2 

system 2 has found considerable utility in organic syn- 
thesis.*12 However, eq 3 has typically required either very 
high pressuresg or extended reaction times of up to 2-3 
months.1° Recently copper1' or zinc12 Lewis acids were 
reported to increase the rate of these reactions, though 
from the standpoint of large scale synthesis, both of these 
systems have practical drawba~ks.'~ Using 0.2 M 1, R = 
cyclohexyl a t  40 OC, the addition of either acrylonitrile or 
2-chloroacrylonitrile to furan could be effected in 70-75% 
yield in 24 h (40% excess of furan; no solvent). The 
products had identical physical and spectroscopic prop- 
erties to those of the (uncatalyzed) thermal rea~t i0n.I~ 
Interestingly, varying the steric size of the alkyl ligands 
in 1 from cyclohexyl to methyl had no discernible effect 
on the ratio of isomeric products (endo/exo) obtained from 
eq 3. Diels-Alder addition of methyl acrylate to furan was 
also promoted by 1, but the reaction additionally produced 
ca. 5% of resinous side products. 
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(Me,Si),CHCH,CH,OSiMe, has been shown, by deuterium 
labeling, to originate from the hydroxyl group of the parent 
carbinol and not the solvent. Examples of a related new 
intramolecular rearrangement that appears to involve 
oxyanion to silanion isomerization are described. 

The metal-(Na/K etc.) and base-catalyzed conversions 
of a-silylcarbinols to alkoxysilanes (eq 1) that involve ox- 

R3SiCR20H - R3SiCR20- - R3SiOC-R2 - 
R3SiOCHR2 (1) 

yanion to carbanion rearrangements (Brook rearrange- 
ment) have been thoroughly in~estigated.l-~ More recently 
a related rearrangement has been shown to occur when 
@-hydroxy silanes are treated with strong base in protic 
m e d i ~ m . ~  Under these conditions the carbanion inter- 
mediate, instead of losing silanolate ion as in the well- 
known Peterson olefination reaction: is protonated to give 
the related alkoxysilane (eq 2). (P-Hydroxyviny1)silanes 

R3SiCR2CR20H - R3SiCR2CR20- - 

NafK 

B 

-CR2CR20SiR3 - HCR2CR20SiR3 (2) 

similarly rearrange to allyl silyl ethers by using sodium 
hydride in HMPAa6 

A related rearrangement of a y-hydroxy silane has re- 
cently been described, where the proton that becomes 
attached to carbon was said to arise from the attack of the 
carbanion intermediate on THF, the only solvent found 
in which rearrangement occurred by using NaH or po- 
tassium tert-butoxide as isomerizing agents. In our view 
a more probable source of the hydrogen was unrearranged 
carbinol present in the reaction mixture, and this has now 
been confirmed by deuteration studies. 

Thus, a 0.56-g sample of 3,3,3-tris(trimethylsilyl)-l- 
propan~ l , ' ~~  1, was exchanged twice with solutions of 0.5 
mL of 99.7% D20 in 5 mL of THF. On evaporation to 
dryness, mass spectrometric studies, using the ratio of the 
abundance of the (M - Me)+ ions for deuterated (n / e  262) 
and protonated ( m / e  261) species, showed that the carbinol 
was at least 80.1% deuterated (after taking account of the 
D, 13C, and 29Si natural abundance  isotope^).^ After re- 
arrangement at about 5% concentration in dry THF using 
a small droplet of Na/K (<l-mm diameter) for 1 h at room 
temperature, workup by evaporation after removal of the 
largely unconsumed Na/K yielded the isomeric 3,3-bis- 
(trimethylsilyl)-3-deuterio-l-(trimethylsiloxy)propane, 2, 
in quantitative yield, shown by mass spectrometry (after 
taking account of natural abundance isotopes) to be 92.2% 
deuterated. That the carbinol appears to be less deuter- 
ated than the derived silyl ether is accounted for by the 
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facile interchange of the carbinol OD but not the ether CD 
with atmospheric H20 during transfer to and through the 
mass spectrometer. These results clearly indicate that 
carbinol, and not THF, is the major source of the proton 
(deuteron) acquired by the carbanion during the course 
of this arrangement (eq 3) that follows pseudo-first-order 
kinetics. NaH in THF or t-BuO- in Me2S0 also effected 
the rearrangement. 

Na/K 
(Me3Si),CCH2CH20R 

l . R = H . D  
(Me3Si),CRCH2CH2OSiMe3 (3) 

Since 6-silylcarbinols have also recently been shown to 
undergo rearrangementlo and some related silanols have 
now been shown to rearrange similarly" (eq 4), it is ap- 

(Me3Si)3CSiR20H - (Me3Si),CSiR20- - 
(Me3Si)2C-SiR20SiMe3 - (Me3Si)2CHSiR20SiMe3 (4) 

parent that there is a large family of rearrangements in- 
volving similar oxyanion to carbanion interconversions, 
whose scope we are investigating. It is already clear from 
our studies that substitution of silyl groups in 
(Me3Si)3CCH2CH20H by one or more phenyl or tert-butyl 
groups markedly slows down the rate of the rearrangement, 
fairly obviously because these groups fail to stabilize the 
intermediate carbanion as effectively as does a silyl group, 
a conclusion in accord with earlier findings by Eaborn of 
the higher kinetic acidity of (Me3Si),CH relative to 
Ph3CH.12 

We have now extended the breadth of this type of re- 
arrangement by observing, for the first time as far as we 
are aware, examples of a related rearrangement involving 
oxyanion to silanion isomerization. Thus 2-(tris(tri- 
methyl~ilyl)silyl)ethanol,~~ 3, prepared in 81% yield (after 
sublimation) by treatment of (tris(trimethylsily1)silyl)- 
lithium14 with ethylene oxide, when treated with a small 
droplet of 1:5 Na/K alloy (<l-mm diameter, -5 mol %, 
much of which was not consumed) in dry THF for 1-2 h. 
gave the isomeric silyl etherls 4 in over 75% yield. If the 
compound and solvents were not thoroughly dry, traces 
of the hydrolysis product 5 were also present, as evidenced 
by weak infrared signals a t  3400 (br, OH) and 2130 (SiH) 
cm-'. The rearrangement followed pseudo-first-order 

(Me3Si),SiCH2CH20H THF- (Me3Si),SiCH2CH20- - 

2 

3 
(Me3Si)2Si-CH2CH20SiMe3 - 

(Me3Si)2SiHCH2CH20SiMe3 - 
CH2CH2OH(Me3Si),SiH 

5 

kinetics, consistent with a mechanism in which the rate- 
controlling step involves isomerization of an initially 

Hz0 

4 

formed oxyanion to a silanion, which is then rapidly pro- 
tonated by unrearranged carbinol in the system, as ob- 
served in other No rearrangement of 3 to 4 was 
observed on treatment with Et3N or triethylenediamine 
over several days, even at  reflux temperatures. 

Similarly (tris(trimethylsilyl)silyl)methanol,'6 6, obtained 
by reduction of tris(trimethylsily1)silanecarboxylic acid" 
in 92% yield, underwent rearrangement with Na/K in 
THF to yield the silyl ether18 7 accompanied by a small 
amount of its hydrolysis product 8. Since separation of 
7 from 8 could not be effected, 7 was hydrolyzed to 8 in 
near quantitative yield.lg 

H O  
(Me,Si),SiCH,OH (Me,SI),SiCH,OSiMe, (Me SI SiCH,OH 

H 
I 
H 6 

7 8 

In preliminary experiments we also found that treatment 
of tris(trimethylsily1)silanol with Na/K led to several 
products containing SiH and Si0  bonds (infrared), of 
which some were of higher molecular weight than the 
starting materials (mass spectrometry), suggesting, at least 
in part, the involvement of bimolecular processes. In view 
of the recent finding of Eaborn concerning silanone for- 
mation in related systems,2O it is not clear in this case the 
extent to which these are the products of an oxyanion to 
silanion intramolecular rearrangement or of silanone for- 
mation followed by further reaction. 

In summary, it appears that a family of rearrangements 
involving isomerization of silylcarbinols to alkoxysilanes 
exists which is well accounted for by invoking an oxyanion 
to silanion rearrangement, a sequence which parallels the 
well-known oxyanion to carbanion isomerizations. We are 
continuing to explore this family of rearrangements. 
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Summary: Hexamethylditin adds readily to allenes in the 
presence of Pd(PPh3),; unsymmetrically substituted all- 
enes undergo kinetically controlled addition at lower tem- 
peratures, while at higher temperatures the thermody- 
namically more stable products are formed. 
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