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&Triorganosilyl derivatives of silane- and germane-carboxylic acids are 
reported for the first time. Studies are reported on their spectral properties 
(IR, UV, PMR), acidity and thermolysis- No evidence has been found in sup- 
port of extended d-orbital participation, (n + d + d)n bonding, in the ground 
state of the polysilanecarboxylic acids and their conjugate base forms. (d -+ d)r 
bonding may be an important factor in lowering the activation energy for the 
thermal decarbonylation of pentaphenyldisilanecarboxylic acid. 

Introduction 

Triphenylsilanecarboxylic acid was first synthesized in 1951 [2] and the ger- 

manium analogue in 1954 [ 31. Since these initial reports, the properties of tri- 
organosilane- and triorganogermane-carboxylic acids have been the subject of a 
number of papers [1,4--81. In this paper, we report for the first time the syn- 
thesis of triorganosilyl substituted s&me- and germane-carboxylic acids and a 
study of their properties to further elucidate the nature of the interaction 
between the carboxyl function and the silicon and/or germanium atoms in the 
substituent group. 

Experimental 

General 
Analyses were performed by Alfred Bemhardt Microanalytical Laboratories, 

Germany. 

* Presented in part at the 1970 OrganosiIicon Award S~m~odum. Albany. New York. May 1970. 

and at the Seventh Central Regional Meeting. A.C.S.. Morgantown. West Virginia. May 1975: cf.: 
Abstracts of Papers, No. 194. Part III. cf.: ref. 1. 

** To whom correspondence should be addressed. 
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The sources of the starting materials are: trimethylchlorosilane, triphenyl- 
chlorosilane and diphenyldichlorosilane (Dow Coming Corp.); lithium wire 
(Lithium Corp. of America); methyllithium, 1.66 M in ether (Alpha Products, 
Ventron Corp.); diphenylacetylene (Fisher Scientific Co.); methanol-d, 99% 
minimum isotopic purity (Diaprep Incorp.). 

Synthesis 

l_ General. The lithiation reactions were carried out under a nitrogen atmo- 
sphere using solvents which were distilled from calcium hydride. 

Tetrakis(trimethylsilyl)silane (m-p. 260°C) was prepared by the method of 
Gilman and Smith [9] _ Tetrakis(trimethylsilyl)germane (m-p. 291-293°C) WaS 
prepared by the method of Burger and Goetze [lo]. The syntheses of trimeth- 
ylsilanecarboxylic acid, trimethylgermanecarboxylic and tris(trimethylsilyl)ace- 
tic acid have been reported previously [ 5,111. 

2. PentaphenyMisiZanecarboxyZic acid (I)_ Triphenylsilyllithium *, prepared 
from triphenylchlorosilane (23.5 g, 79 mmol) and lithium (2.1 g, 0.30 g-atom) 
in THF (185 ml) was added to a solution of diphenyldichlorosilane (15.2 g, 60 
mmol) dissolved in THF (200 ml) over a period of 3 h. During the addition, the 
reaction flask was cooled in an ice-water bath (0-5°C). 

Finally cut lithium wire (1.4 g, 0.20 g-atom), was added to the reaction mix- 
ture. After stirring for 4 h, a deep black color had developed. This mixture was 
poured through glass wool onto crushed Dry Ice. After 1 h, 5% hydrochloric 
acid (400 ml) was added, the aqueous layer was extracted several times with 
ether (200 ml portions) and the combined ethereal solution was dried over 
Drierite. Removal of the solvent under reduced pressure gave impure I (17.5 g, 
36 mmol, 58% yield)_ Several recrystallizations from benzene/petroleum ether 
gave crystals of high purity, m.p. X35-188°C dec. (Found: C, 76.71; H, 5.51; 
Si, 11.60. C31H2602Si2 calcd.: C, 76.54; H, 5.35; Si, 11.54%). 

3. Tris(trimethylsiZyZ)siZanecarboxyZic acid (II)_ Tris(trimethylsilyl)silyllith- 
ium in THF/ether (4/l), prepared from tetrakis(trimethylsilyl)silane, (10.5 g, 
32 mmol) and excess methyllithium by the method of Gilman and Smith [ 133, 
was poured onto crushed Dry Ice and hydrolyzed with 500 ml of a 5% hydro- 
chloric acid solution. The layers were separated, and the aqueous layer was 
extracted twice with 200 ml portions of ether. The solvent was removed from 
the combined extracts under reduced pressure, yielding a crystalline solid. Sev- 
eral crystallizations from pentane at -78”C, gave II (7.0 g, 24 mmol, 75% 
yield, m-p. 122-126°C dec.) (Found: C, 41.24; H, 9.63; Si, 38.45%; mol. wt. 
292. C10H2802Si4 calcd.: C, 41.03; H, 9.64; Si, 38.39%; mol. wt. 293.). 

4. Tris(trimethylsilyl)germanecarboxylic acid (III). Methyllithium, 5.0 ml 
of a 1.66 M ether solution (9.75 mmol), was injected into a solution of tetrakis- 
(trimethylsilyl)germane (2.0 g, 5.5 mmol) in 20 ml of THF. After stirring for 
8 h, the reaction mixture was poured onto powdered Dry Ice. The resulting 
slurry was poured directly into 50 ml of a 5% hydrochloric acid solution, and 
the aqueous solution was extracted several times with ether (500 ml). After 
drying over calcium sulfate, removal of the ether under reduced pressure gave a 

* For general procedures for Preparing silyllithium reagents cf. the review article. ref. 4. 
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solid containing both III and unreacted germane (1.64 g)_ The mixture was 
transferred to a chromatographic column (20 mm/280 mm, silica gel, grade 
950, 60-200 mesh) using low-boiling petroleum ether. Low-boiling petroleum 
ether (250 ml) was passed through the column followed by methanol (200 ml). 
Removal of the solvent from the petroleum ether fraction gave crude III 
(0.54 g, 1.25 mmol, 23% yield). Three successive crystallizations from pentane 
at -78OC gave a sample of high purity: m.p. 96-100°C. (Found: C, 35.42; H, 
8.36. C1J12s02GeSi3 calcd.: C, 35.62; H, 8.36%) 

Decarbonylation 
2. Pentaphenyldisilanecarboxylic acid (I) 
(a) Refluxing toluene. I (4.7 g, 9.7 mmol) was dissolved in toluene (150 ml); 

the resulting solution was refluxed for 6 h. The gradual darkening of palladium 
chloride test paper [14] suspended in the reflux condenser to a deep black 
color indicated the evolution of carbon monoxide. On removing the toluene 
under reduced pressure, crude pentaphenyldisilanol (4.5 g, 9.8 mmol) was ob- 
tained quantitatively_ Several crystallizations from petroleum ether gave a sam- 
ple of high purity: m-p. 133-134.5”C (lit. 1151 134-134.5”C); IR (Ccl,): 
3656 cm-‘(s) (O-H). (Found: C, 78.38; H, 5.66. C3,,l&,0Si2 calcd.: C, 78.55; 
H, 5.71%.) No other products were detected. 

A second run was carried out as above using I (5.4 g, 11.1 mmol) and tolu- 
ene (150 ml) in the presence of diphenylacetylene (4.0 g, 22 mmol) yielding 
pentaphenyldisilanol (3.9 g, 8.8 mmol, 77% yield, m-p. 133-135°C and 
unreacted diphenylacetylene (3.0 g, 17 mmol) a 77% recovery, m.p. 59-60°C 
(lit. [16] 60°C). No other products were detected. 

(b) Thermally (225°C). I (1.0 g, 2.1 mmol) and diphenylacetylene (0.73 g, 
4.1 mmol) were placed in a lo-ml flask equipped with a reflux cond.enser. The 
flask was lowered into an oil bath previously heated to 225°C. Carbon monox- 
ide evolution was detected as indicated above during the initial 2 h of reflux. 
The total reflux time was 4.5 h. After cooling to room temperature, benzene 
(10 ml), and petroleum ether (10 ml) were added to precipitate the diphenyl- 
acetylene (0.66 g, 3.7 mmol, m-p. 58-6O"C, 90% recovery). No other pure sub- 
stances were isolated or identified. 

2. Tris(trimethylsilyl)silanecarboxylic acid (III) 
(a) Refluxing toluene. II (1.0 g, 3.4 mmol) and diphenylacetylene (1.0 g, 

5.6 mmol) were dissolved in toluene (50 ml); the resulting solution was 
refluxed for 5 h. During this period, no evolution of carbon monoxide was 
detected. Removal of the toluene under reduced pressure yielded a white crys- 
talline solid. Fractional crystallization from ethanol/water gave diphenylacety- 
lene (0.85 g, 4.8 mmol, 86% recovery, m.p. 59-6O”C and II (0.70 g, 2.4 mmol, 
71% recovery, m.p. 120-124°C). 

(b) ThermaZZy (225°C). II (2.0 g, 6.8 mmol) was heated to 225°C for 1 h as 
described in section l-b. Carbon monoxide evolution was detected throughout 
the heating period. Crystallization from pentane gave a solid, 1.7 g: m.p. 90°C 
subl.; IR (KBr): 2943,2905 (C-H), 1245,830,748,680 (Si-CH3), 1045 cm-’ 
(S&O-Si). (Found: C, 42.27; H, 10.38; Si, 43.28. C18H540Sis calcd.: C, 42.28; 
H, 10.64; Si, 43.95%). The PMR spectrum (CClo) showed five peaks with the 
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indicated relative ratios: 6 0.07 (LOO), 0.09 (4.75), 0.20 (l-67), 0.27 (8.33), 
0.31 (13.0) ppm). 

A second run was carried out as above at 250°C using II (1.0 g, 3.4 mmol) in 
the presence of diphenylacetylene (1.0 g, 5.6 mmol). Crystahization from etha- 
nol/water gave diphenyIacetylene (0.9 g, 5.0 mmol, 90% recovery, m.p. 61- 
63°C and a white solid (0.75 g, m.p. 91°C subl.). 

Determination of ionization constants 
The ionization constants of the polysihmecarboxylic acids (I and II) were 

determined in 76 wt. % ethanol/water at 25.0 ? O.l”C by a spectrophotometric 
method described previously [1,17]. Specifically, the procedure described as 
Case I was used with the indicator, sodium 2,4_dinitrophenoxide. 

Determination of PMR chemical shifts at infinite dilution for methyl and tri- 
methylsilyl substituted carboxy-methanes, -silanes, -germanes and their anions 

1. Apparatus and techniques. AH PMR spectra were obtained using a Varian 
A-60 spectrometer operated at 60 MHz and at ambient temperature, 34 _+ 1°C. 
To assure a resolution of 0.3 Hz the radiofrequency power level was kept well 
below saturation. Peak positions were measured by means of the standard side- 
band interpolation method [X3] using two Hewlett-Packard Model 201C 
Audio Oscillators and a Hewlett-Packard Model 522B Electronic Audio Fre- 
quency Counter. AII chemical shifts were measured relative to TMS. 

Solutions of the carboxylic acids and their anions, O-01-0.03 M, were pre- 
pared by dissolving a known weight of the acid in 1 ml of methanol-d and sodi- 
um methoxide/methanol-d (prepared by dissolving 0.2847 g of sodium hydrox- 
ide in 10 ml of methanol-d). Other solutions were prepared by standard dilu- 
tion procedures. 

The chemical shift for each acid and anion concentration was calculated 
from the average of three separate peak-position determinations. Chemical 
shifts at infinite dilution, cf. Table 3, were determined for each acid and anion 
by plotting the chemical shift values for three different concentrations and 
extrapolating to infinite dilution. 

2. Rearrangement and decomposition of (Me,Si)JUCO,-. Samples of the 
acids, (Me3Si)3MC02H (M = C, Si, and Ge), were dissolved in the sodium meth- 
oxide/methanol-d solvent, the resulting solutions were placed in NMR tubes, 
and the spectra of the anions were recorded within 1 min. 

(a) (Me3Si)&C02-. The peak position due to the CI13Si group (6 0.16 ppm) 
was the same as determined for (Me,Si)&HC02H in the above solvent, indicat- 
ing rearrangement (cf. ref. 11 and 19). 

(b) (Me,Si)$iCOz-. The position and complexity of the resulting CH,Si sig- 
nals, 6 0.28s, 0.17m ppm, indicated that base-catalyzed decomposition had 
occurred. During the experiment, gas bubbles appeared, and after standing for 
approximately 1 h, a white solid precipitated. (Found: C, 10.59; H, 1.47%). 

(c) (Me3Si)3GeC0,-. The position and complexity of the resulting CI-&Si sig- 
nals, 6 0.16s, 0.12s, 0.05s, 0.04s, 0.02s ppm, indicated that base-catalyzed 
decomposition had occurred. During the experiment, gas bubbles appeared, and 
after standing for approximately 10 min a white solid precipitated. (Found: C, 
10.84; H, 1.45%) 
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Results and discussion 

Synthesis. Since the only method known for synthesizing silane- and ger- 
mane-carboxylic acids is through carbonation of the organometalloid-alkali 
metal derivatives [4], this procedure was employed to synthesize the fl-trior- 
ganosilyl-substituted carboxylic acids. Pentaphenyldisilanyllithium was synthe- 
sized directly from the phenylchlorosilanes and carbonated to yield pentaphen- 
yldisilanecarboxylic acid (58%); the intermediate, pentaphenylchlorodisilane, 
was not isolated. 

Ph,SiCl 2 
Ph2SiC12 

Ph,SiLi - Ph,SiSiPh,Cl 

co2 
Ph,SiSiPh,Li - 

H30+ 
Ph,SiSiPh2C0,H 

Li 
- 
THF 

The previously reported preparation of pentaphenyldisilanyllithium involves 
the cleavage of decaphenyltetrasilane by lithium in THF [ZO] _ 

The tris(trimethylsilyl)-silanecarboxylic acid and -germanecarboxylic acid 
were prepared by carbonation of the corresponding silyl- and germyl-lithium 
derivatives. While the preparation of tris(trimethylsilyl)silyllithium by cleavage 
of a trimethylsilyl group from tetr&is(trimethylsilyl)silane with methyllithium 
has been reported [ 131, the preparation of tris(trimethylsilyl)germyllithium 
from tetrakis(trimethylsilyl)germane by this method is reported for the first 
time. 

Spectral properties_ The spectral properties, IR, UV, and PMR, of the p-trior- 
ganosilyl derivatives of R3MCOSH where M = C, Si and Ge, are given in Table 1. 

TABLE 1 

SPECTRAL PROPERTIES OF P-TRIORGANOSILYL DERIVATIVES OF R~MCO~H (M = C, Si, or Ge) 

Compound IR” PMR b 

v (C=O) (cm-l ) ZJ W-C02H) (cm-‘) d (OH) = 6 (CH) Peak 
(PPm) (PPm) area 

in CC14 in KBr in CC14 in KBr ratio 

Ph3SiSiPh2COzH d 1650 1635 593 597 _e =a. 7.33 f - 

(MexSi)3CC02H g* ’ 1645 1649 - - 11.93 0.27 
(Me3!%)3SiC02H h 

l/27 
1633 1633 592 599 11.14 0.26 

(Me3Si)3GeC02H ’ 
1127 

1638 1635 574 - 10.93 0.29 l/27 

= Beckman IR-20 spectrophotometer. b Spectra determined in CC14. 22-35 w/v % using TMS as an inter- 
nal standard at 60 MHz. Varian A-60 spectrometer. ’ Position slightly affected by concentration. d UV 
X,,,(EtOH) 238 nm (E 19600). 267 nm (4300 (sh)). 274 nm <312O(sh)), determined on a Gary Model 14 
spectrophotometer. e Not detected because of low solubility. f Multiple for Ph groups, acetone solvent. 
=cf.. ref. 11 and 19. ’ UV (EtOH). absorption. but no max. above 205 nm for acid and anion forms. 
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The C=O stretching frequency for s&me- and germane-carboxyhc acids 
occnrs at a lower energy than for the anaIogous carbon acids, AU 28-51 cm-’ 
[ 5 J . The position of this band also is affected by the type of atom in the fl Posi- 
tion to the carboxyl group_ @-Substitution of a silicon atom for carbon resuh 
in a shift of the C=O stretching frequency to lower energy, the effect being two 
to three times larger in the acid, R,MCO,H, where M = C, than for the acids 
where M = Si and Ge (for comparison purposes, cf. ref. 5 and 19). 

A similar p effect has been reported for the ketones, R,MCOR’ 121-241, 
and esters, R,CC02R’ 1251 and has been attributed to a direct intramolecuk= 
interaction between the metalloid in the /3 position and the carbonyl oxygen 
[ 22,261. The larger effect of P-R& groups in the compounds where M = C is 
ascribed to the smaller non-bonded distance between the silicon atom and the 
carbonyl oxygen in comparison to the compounds where M = Si [ 26]_ 

The position of the M--CO,H stretching frequency (M = Si, 572-600 cm-‘; 
M = Ge, 563-580 cm-’ [5 J remains substantially unchanged in the carboxylic 
acids with P-R3Si groups. 

The UV spectrum of pentaphenyldisilanecarboxyhc acid (cf. Table I) shows 
a strong absorption, X,,, 238 nm, characteristic of the pentaphenyldisihmyl 
group * with two shoulders in the phenyl region. The carboxyl absorption 
(n + z*) of RIJMCOzH, where M = Si and Ge, (X,,, 240-250 nm [5]) is com- 
pletely masked by the above absorption bands. The carboxylic acids, (M,Si),- 
MCO,H, where M = Si and Ge, and the corresponding anions show a continu- 
ously rising absorption below 270 nm with no maxima above 205 nm Which 
is characteristic of related systems [30,31]. In these species the carboxyl 
absorption also is completely masked. An end absorption also obscures the car- 
boxy n --+ 7-c” transition in the acid where M = C. 

The spectral data on the compounds (Me3Si)3MC0,H, where M = Si and Ge, 
and their anions do indicate that there is no extensive bathochromic shift of 
the carboxyl or carboxylate absorption bands to X,,, > 270 nm when p-silyl 
groups are present. Similar observations have been reported for the ketones, 
R-$iSiR,COR’, and their implications have been discussed 124,271. 

The PMR spectra of the acids, (Me3Si)3MC02H, where M = C!, Si or Ge, con- 
sist of two singlet resonance lines, MC& and MCO&J. The chemical. shifts of the 
acidic protons are in accord with the electronegativities of the Group IVB ele- 
ments, C > Si * Ge, as observed for the acids, Me3MC02H f 51. The main differ- 
ence between the two series is that the presence of the P-Me,Si groups results in 
a shift to higher field which can be ascribed to the greater +I effect of Me,Si 
group as compared to the Me group. 

Ionization constants. The presence of an ar-silicon or -germanium atom in 
carboxylic acids leads to enhanced acidity over the analogous carbon deriva- 
tives [ 13. Three mechanisms have been proposed to explain the increased sta- 
bility of the carboxylate ion over the conjugate acid form in the carboxy- 
sifanes and -germanes: (1) (n + d);rr bonding between the carboxylate group and 
the metalloid [l] ; (2) 1,3-o) --t d)n bonding between the oxygen in the anion 

+ For a discussion of the UV spectra of polysi~anes, polygermanes, a-sil~l ketones and related eom- 
pounds cf. ref. 27-29. 
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TABLE 2 

PKa VALUES OF RsMCOlH IN 76 wt% ETHANOL/WATER AT 25OC = 

Acid Number of 
determinations 

PKaW) b 

Me$XO2H e 19 7.96 (0.05) 
MejSiCO2H c 24 7.74 <O.Oz!) 
<Me3Si)3SiCO2I!I 15 9.33 (0.02) 
Ph3SiC02Hc 9 6.10 (0.10) 
Phg SiSiPhZ CO2 H 10 7.95 (0.10) 

a Determined by a spectrophotometric method described previously. ref. 17. b Standard deviation. ’ Ref. 1. 

and the metalloid [32] ; (3) the greater diffuseness and polarizability of the 
valence atomic orbit& of the metalloid f 71. The relative me&s of these 
approaches have been discussed in terms of MO calculations 173. In the light of 
the recent studies on the acidity of the hydroxy derivatives, R,MOH and 
R,MM’R,OH (where M and M’ = C, Si or Ge) [33], one would expect that 1,3- 
@ + d)r bonding, i.e., n, + LUMOM bonding, plays the predominant role. 
However, poorer matching of the energy levels between the nonbonding elec- 
trons on oxygen and the lowest unoccupied orbital on the metalloid in the car- 
boxy-silanes and -germanes due to electron delocalization in the carboxylate 
ion and the spatial arrangement (wider bond angles in the carboxylate group) 
result in a smaller effect than observed for the hydroxy compounds. 

The presence of a @-R&i group in the acids, R&CO&, is known to exert an 
acid weakening effect through electron release by silicon (i-1) and perhaps steric 
hindrance to anion solvation [ 34-361. A similar effect is observed for the poly- 
silanecarboxylic acids, cf. Table 2. These results rule out any extensive 
extended d-orbital participation, i.e., (K + d -+ d)n bonding, in the ground state 
of polysilanecarboxylic acids and their conjugate base forms. Also, in terms of 
the 1,3-(no -+ LUMOM) interaction model, extension of the chain to Si, must 
have a small effect on the energy of the LUMObl [ 281. 

In order to compare charge delocalization in the anions, R,MCO,- (where 
M = C, Si and Ge) relative to their conjugate acid forms, the chemical shifts of 
MHH, were determined in CH30D and CH,OD containing CH,O- at infinite 
dilution, for both R,MCO,H and R3MC02-, cf. Table 3. The shift to higher 
field for the anion, -A6, is roughly in the order expected based on acidity mea- 

TABLE 3 

PMR DATA FOR MC& IN R3MCOzH AND R3MC02-a 

R M 6(R3MCOzH) 6(R3MCO;) A6 b 

(PPm) tPPm) (Ppm) 

Me c 1.199 1.177 0.022 

Me Si 0.245 0.200 0.045 

Me Ge 0.389 0.327 0.062 

Me3 Si C 0.268 -C 

Me-j Si Si 0.256 _c 

MesSi Ge 0.300 _C 

a Chemical shifts at infinite dilution. Precision ?0.005 ppm. cf. experimental section. b 6 (R+COZ~- - 

6(RzMCO$). E Base-catalyzed decomposition. 
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surements and the mechanisms for charge delocalization, Ge = Si > C. HOW- 
ever, one must be somewhat cautious in interpreting these results since the 
magnitude of the spectral shifts are small and magnetic anisotropic effects may 
be important. 

The chemical shifts of the anions, (Me,Si)3MC02-, could not be determined 
because of base-catalyzed decomposition. Where M = C, the anion is rapidly 
converted to (Me3Si)&HC02- [ll]. When M = Si and Ge, rapid Si-Si and Si- 
Ge bond cleavage occurs resulting in an insoluble polymeric material. From the 
C and H content and the C/H ratio, the composition of these polymeric mate- 
rials are most likely formulated as polysiloxanes and polygermoxanes contain- 
ing approximately an equal number of Me0 and CO,Na substituted groups. 

Thermolysis. Thermal rearrangements have been reported for carboxylic 
acids which have a silicon atom in either the (Y- or the &position 163. Three 
competing reactions have been detected for the thermolysis of the acid, 
Ph,SiCO,H [ 121. In refluxing toluene only two of the competing processes are 
observed: 

A A 

toluene tolufme 
Ph,SiO,CH - Ph,SiCOzH b F Ph,SiOH + CO 

a 

STriorganosilyl substituted carboxylic acids rearrange thermally to their cor- 
responding silyl esters [37] : 

A 

R3SiCR’&02H + HCR’,CO,SiR, 

We investigated the thermolysis of the polysilanecarboxylic acids to deter- 
mine which of the above processes were operative. Also, we speculated that 
silylene may be one of the products if attack by oxygen occurred at the beta 
silicon. 

R3SiSiR2C02H a - [ R~~,-“i~o ] - RaSiOH + SiR, + CO 

To test this hypothesis, several of the thermolyses were carried out in the 
presence of diphenylacetylene, a silylene trapping agent 1381. 

The thermolysis of Ph3SiSiPh&02H (I) and (MeBSi)$iCOzH (II) was carried 
out in refluxing toluene (110°C) and neat (225-250°C) with and without 
diphenylacetylene. No evidence was found which would indicate the presence 
of a silylene intermediate. I decarbonylates quantitatively in refluxing toluene 
yielding Ph,SiSiPh,OH (pathway b) while II is recovered unchanged. Both I and 
II decarbonylate at 225-250°C yielding products which as yet are not com- 
pletely characterized. Elemental analysis and the infrared spectrum of the 
material isolated on decarbonylation of II are consistent with the expected 
product, hexakis(trimethylsilyl)disiloxane. The PMR spectrum of this material 
consists of five peaks in the CH,Si region which would indicate that more than 
one species is present and/or there is restricted rotation in the disiloxane. Fur- 
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ther work is in progress to differentiate between the above possibilities and to 
determine the nature of the skeletal rearrangement if one occurs. 

The observation that I rearrange quantitatively by pathway b while 
Ph&iC02H rearranges by both pathways, a (55%) and b (27%) [12] suggests 
that the presence of a p-silyl group lowers the activation energy for the decar- 
bonylation process in relation to the ester-forming process. The decarbonyla- 
tion reaction is proposed to proceed via intermediate A [6]. 

(A) 

The formation of A involves nucleophilic attack at silicon by a non-bonding 
electron pair on oxygen; a silicon(V) species may be formed initially. The pres- 
ence of a @,ilyl group could lower the energy of the transition state through _ 
(d + d)n bonding. A similar explanation has been proposed for the enhanced 
rate of solvolysis of Me,SiSiMe,H [39], a reaction which undoubtedly proceeds 
via a silicon(V) intermediate [40]. The greater thermal stability of II as compared 
to Ph3SiC02H and I could arise from steric factors and/or the higher energy of the 
LUMOs [41]. 
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