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esters: reactivity correlated with 29Si NMR resonance frequencies 
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A b s t r a c t  

The investigation of a transesterification reaction involving silicon exchange (transsilylation) between a silyl ester and a chlorosilane is 
reported. The reaction studied involves an equilibrium interchange between trimethylsilyl benzoate and several chlorosilanes, as a 
preparation of various silyl esters and trimethylsilyl chloride as a volatile by-product. An interesting reactivity balance was ob~rved, in 
which the reaction with some of the chlorosilanes required an initiating catalyst to proceed. A correlation between the 29Si NMR chemical 
shills of the chlorosilanes and their respective reactivities was observed. Chlorosilanes having 2'~Si NMR chemical shifts greater than 
31 ppm (referenc~ to tetramethylsilane standard at 0 ppm) required the use of a nucleophilic catalyst to initiate the reaction. Reaction of 
trimethylsilyl benzoate t~ecurred without an initiator with chlorosilanes having -"}St NMR chemical shifts of 5 to 19ppm: for those 
resonating between 19 and 31 ppm. an initiator accelerated the reaction and gave improved yields of transsilylated product. N,N.Dimeth~ 
ylformamide and sodium iodide were found to be effective and convenient catalysts/initiators for the reaction. © 1997 Ei~vier Science 
S.A. 
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I. Introduction 

l~gradable polymers are receiving a great deal of 
interest due to their current and potential biomedical 
applications [I] and increasing environmental concerns 
[2]. To generate materials for a broad range of applica- 
tions, efforts have been directed toward obtaining con- 
trol and variabUity over the degradation rates and the 
degradation properties of hydrolytically cleavable poly- 
mers. Poly(silyl ester)s [3] were recently reported as a 
new class of degradable polymeric materials, where 
variation in the susceptibility toward nucleophilic cleav- 
age was accomplished through alteration of the sub- 
stituents attached to the silicon atoms. These polymers 
were formed from the condensation transsilylation reac- 
tion between dichlorotetra-substituted disiloxanes and 
bis(trimethylsilyl) esters. Recent attempts [4] to expand 
this family of degradable polymers through the use of 
other monomers, for example the condensation of 
bis(trimethylsilyl)adipate with 1,6-bis(chlorodimethyl- 
silyl)hexane, were unsuccessful. 
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0022-328X/97/$17.00 © 1997 Elsevier Science S.A. All rights reserved. 
Pil S0022.328X(97)00146-0 

Although several silicon exchange reactions have 
been reported [5], only a fi~w specific examples of 
transsilylation reactions involving the synthesis of silyl 
esters can be found; chlorodimethylsilane [6,7] and 
chloromethyldimethylchlorosilane [8] have been re° 
ported to undergo a transsilylation reaction with 
trimethylsilyi esters. The lack of transsilylation reactiv- 
ity for trialkyl-substituted [4] chlorosilanes with 
trimethylsilyl esters was believed to be due to the 
decreased electrophilicity of the silicon atom, in corn° 
parison to those chlorosilanes with oxygen, hydrogen, 
or chloromethyl substituents. Presumably, because of 
the relative inertness of the two reactants, a nucleophilic 
initiator is needed to attack either one or both of the 
silicon species [9,10] and displace chloride ion and/or  
carboxylate to allow the reaction to propagate. There° 
fore, the transesterification reaction between trimethyl- 
silyl esters and chiorosilanes was further investigated to 
study a broader scope of the reaction and to determine 
catalysts/initiators to effect the silicon exchange reac- 
tion. In addition, a correlation between the reactivity of 
the chlorosilanes and their 2°St NMR chemical shifts 
was observed. 
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2. Results Jmd discussion 

The reaction of trimethylsilyl benzoate. 1, with vari- 
ous chlorosilanes was employed for the investigation of 
the transsilylation transesterification reaction (Scheme 
I). Initially. the reaction of I with tert-butyldimethylsi- 
lyl chloride (TBDMSCI) was used to study possible 
catalysts, and to opti~ze the reaction conditions. In the 
absence of a catalyst, the reaction was found to proceed 
to ca. 1 ~  conversion to tert-butyldimethylsilyl benzo- 
ate. 2, after heating in tetrahydrofuran (THF) at reflux 
for 48 h. However. with the addition of N,N-dimethyl- 
formamide (DMF), ~ i u m  iodide, or trialkylamine hy- 
drochloride salts, the reaction reached almost 50% con- 
version (Table I). DMF was found to be the most 
convenient catalyst. ~ Varying the amount of DMF from 
I to 10tool% did not affect the reaction. Sodium iodide 
in a~tonitrile worked equally as well. but the formation 
of insoluble sodium chloride and the discoloration of 
solution made it a less suitable catalyst. Trimethylamine 
hydrochloride and triethylamine hydrochioride effected 
the reaction, but also resu l~  in increasing amounts of 
benzoic acid (observed by ~H NMR) over time. The 
benzoic acid most likely arose due to hydrolysis as a 
result of incomplete drying of the hydrochloride salts or 
perhaps through the cleavage of the silyl ester bonds by 
the ionic catalysts [I 2], 

The presence of an equilibrium in the tr~ssilylation 
reaction [6] was demonstrated through both the addition 
of and the removal of trimethyisilyi chloride during the 
reaction, The addition of trimethylsily! chloride 
(l,2equiv,) to the reaction mixture containing I, terto 
butyldimethylsilyl chloride, and DMF (I m~d%) in THF 
healed at reflux under argon resulted in a shift of the 
equilibrium toward the reactants, which was observed 
by I H NMR as a reduction from 41% to 26% yield of 2 
after I h, Conversely. a reduction i~ the pressure of the 
system from 760 mmHg to 90 mmHg for I h allowed for 
the removal of trimethylsilyl chloride and ~ shift in the 
equilibrium toward products, observed as a~ increa~ in 
the conversion of I to 2 from 46% to ~5%, The 
equilibrium position for this reaction ap~a~ to ~ at 
45% conversion of I to 2. with the modest increases in 
product over time being due to the loss of tril vethylsilyl 
chloride, Optimized reaction conditions inch Je allow- 
in 8 I to react with terrobutyldimethylsilyl chloride in 
the presence of DMF (I tool%) in tetrahydrofuran 
(THF) ~ heated at reflux under a~on for 24 h+ folluwed 
by removal of trimethylsilyl chloride under a reduced 

~ h ~  previously ~n shown to act as ~ aucl~ili¢ catalyst 
in ~ i ~ a l i o u  of ~id  chlorides from S ~ I ~  and em'boxylic acids, 

Rer, ll II, 
+ TIIF ~veict  w~i:~ ~ui~ to im:~veat sublinlmtitm of the {e~'f- 

Imlyldimethyl~lyl chloride, 

O O 
+t s R 
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Scheme I. General reaction scheme for the transsilylation reaction 
between trimethylsilyl benzoate and various silyl chlorides. 

pressure of 80 mmHg at room temperature for 2 h, and 
then further heating of the reaction mixture for 24h at 
60°C. Purification by distillation (99-102~'C at 
2 mmHg) then gave 2 as a colorless liquid in 77% yield, 

The progress of the transsilylation reactions between 
trimethylsilyl benzoate and various other silyl chlorides 
were also monitored by t H NMR. ~ As expected, the 
position of the equilibrium defended upon the reactivity 
of the silyl chloride. The observation that dimethyliso- 
propylsilyi chloride and tert-butyldimethylsilyl chloride 
result in approximately the same conversions to dimeth- 
ylisopropylsilyl benzoate, 3, and tert-butyldimethyisilyl 
benzoate. 2, respec6vely, while the equilibrium for 
dimethylphenylsilyl c ldoride lies much further toward 
products indicated that electronic effects play a substan- 
tial role in the transsilylation reaction. As additional 
support for the strong influence of electronic effects 
upon the transsilylation reaction, recall that the reaction 
of trialkylosubstituted silyl chlorides with trimethylsilyl 
esters requires the addition of a catalyst, while lranssily- 
lation occurs for 1,3odichlorodisiloxanes [3], 
chlorodimethylsilane [6,7], and chloromethyldimelh+ 
ylchlorosilane [8] without the addition of a catalyst or 
initiator, 

Becau~ ~Si NMR resonance frequencies a~ del~n~ 
dent upon both the steric and electronic effects of 
substituents attached to the silicon atoms [I 3-I~], colw 
parison of :+St NMR chemical shifts was useful in 
determining the reactivity of the silyl chlorides toward 
the transsilylation transesterification reaction, It is well 
known [i 3-15] that a parabolic relationship between 
chemical shift frequency and the sum ot" the electroneg- 
ativities of the silicon substituenls exists (Fig. I). For 
the transsilylation reaction, each of the chlorosilanes 
studied is located in the upper portion of the parabola, 
where there is a great deal of scatter and a direct 
comparison be|ween ~Si chemical shift and substiluenl 
electronegativity is difficull. Our data do, however, 
seem to correlate quite well in the evaluation of the 
feasibility of the tvanssilylalion reaction vs. :~Si reso- 
nance frequency, l! was tbund that silyl chlorides that 
react with Irimethylsilyl benzoate without the addition 
of a catalyst resonate upfield from those silyl chlorides 

T In the preparation or 2. 3, and 4, removal of the lower-boiling 
trimelhylsilyl chloride resulted in near compleuon o[ reaclion and 
optimized i,solated yields of lhe silyl ester pn~ucls were 77%. 72% 
and 86% respecti,.+ely, 
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Table I 
Comparison of the effects of the various catalysts upon the tnmsestcr- 
ification reaction I~t~cen tnnlethylsilyl benzoate, I, and u.rt- 
butyldimethylsilyl ch!oride in THF at teflu.x under argon, monitored 
as the formation of tert-bmyldimethylsilyl benzoate, 2, by *H NMR 
(300MHz, CDCI ~) 

Time Conversion ~' (~ )  

(h) !% 10% I% ICk Nal ~ 
DMF b DMF h Me~NHCi ~' Et~NHCI L, 

8 46 35 29 13 48 
16 45 43 37 34 59 
24 55 57 33 35 42 
32 67 69 ~ 42 54 
40 66 68 43 55 57 

" Percentage conversion calculated from integration of the tert-butyl 
proton resonances of 2 at 1.02 ppm and comparison with the integra- 
tion of the resonances of the aromatic protons at 7.4-7.~ and 
8.0ppm. Values given are the average percentage conversion for the 
reactions repeated in triplicate. 
i, Amounts of catalysts used are molar percentages. 
" Nat reactions were done in acetonitrile. 

that require a catalyst to undergo transsilylation. This is 
not surprising, considering that NMR resonances are 
dependent upon the electron density around the nucleus 
(taking into account the parabolic relationship between 
chemical shift and substituent electronegativity) and 
more electrophilic silyl chlorides should react more 
readily. The trialkyl silyl chlorides that require the 
addition of an initiator resonate downfield from TMSC! 
at 30,gppm, Except l'or the most higldy reactive silyl 
chlorides (dichlorosilanes, 1,3odichlorodisiloxanes and 
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Fig. I. Plot of :~'Si NMR chemical shifts vs. sum of substituent 
electronegativities [ 13,14]: B data points taken from reference [ 131. 
[:3 measured chlorosilane chemical shifts with calculated [13.14] 
electronegativity values. 

hydridochiorosilanes), the addition of a caralyst greatly 
nnproves the extent of reacuon, For example, ~ " St 
NMR shift of phenyldimethylsilyl chloride is at 19.9 ppm 
and the reaction with uimethylsilyl benzoate proceeds 
to 28% conversion to dimethylphenylsilyl benzoate, 4, 
after 24 h without the addition of an initiator. However, 
with the addition of 10% DMF, this reaction proceeds 
to 73% conversion after 24 h. It would be interesting to 
investigate the correlation between chemical shift and 
reactivity for chlorosilanes whose 29Si resonances are at 
very high field and heating the extreme of high- and 
low-electronegativity substituents: however, there are 
no appropriate chlorosilanes for the transsilylation reac- 
tion at either substituent-electronegativity extreme, 

~H nuclear magnetic resonance spectroscopy allowed 
for convenient monitoring and c~uantification of the 
extents of reactions, in which the H NMR resonances 
for the protons of the silyl esters resonate downfield in 
comparison to the corresponding silyl chlorides, t~C 
(75Mllz) and :'~Si INEPT 4 NMR spectroscopy were 
also useful in the characterization of the structure and 
purity o[ the products. In addition, any hydrolysis was 
observable by n H and 2'~Si NMR. As expected, the 
silicon resonance frequencies shifted upfield, [14] upon 
transformation from the chlorosilane to the silyl ester. 

In summary, a number of silyi esters have been 
prepared, incorporating commonly employed silicon 
units, by a mild and gen ral transsilylation reaction. 
DMF was found to be an effective catalyst for the 
transsilylation of chlorosilanes lacking sufficient eleco 
trophilicity to undergo the transeslerification reaction, 
and the reactivity of the chlorosilanes was A'ound to 
correlate with Z"Si NMR resonance frequencies. This 
methodology is currently being applied to the syntheses 
ot' p¢fly(silyl ester)s [4]. 

3. Experimental section 

3.1. General directions 

All manipulations of reagents and reactions were 
perforined under argon. *H NMR s~ctra were recorded 
on a Varian Unity-plus (300MHz) spectrometer with 

D-=- ~ , 
the solvent proton signal as standard, u NMR ,~pectra 
were recorded at 75 MHz on a Varian Unity-plus spec- 
trometer with the solvent carbon signal as standard. ~'+Si 
NMR spectra were recorded ,Jsing standard INEPT 

'* Silicon was ol~served by standard INEPT (in.~¢n,~itive mtcl~i 
enhanced by polarization transl~r) experiments, with coherence transo 
fer from the protons of the alkyl or aryl sub~tituents to the silicon. 
which gave enhanced sensitivity and resulted in excellent NMR 
spectra using small amounts of sample and few scans, see Ref. [16]. 
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experiments [16] on a Vman Un~,ty-plus spectrometer at 
59.6 MHz and were referenced externally to tetram.~th- 
ylsilane at O ppm. IR spectra were obtained on a Matt- 
son polaris spectrometer as thin films on NaCI d~sks. 
Ele~ntal analyses were performed by Galbraith Labo- 
ratories or MHW Laboratories and are reported for 
purified and unpurified compounds. Mass spectrometry 
was p t ' ov i~  by the Washington University Mass Spec- 
trometry Resource. an NIH Research Resource (Grant 
No. P41RR0954). Owing to the susceptibility of these 
compounds toward nucleophilic cleavage [10], most of 
the compounds reacted with the MS matrices preventing 
correct MS analysis. 

3.2. Materials 

Silicon com~)unds were purchased from United 
Chemical Technology ot Aldrich and were disuiled 
prior to u~. THF was distilled from Na-benzophenone. 
DMF was stirred over calcium oxide for 12 h. distilled 
under reduced pressure and ~tored over molecular sieves. 
CH~CN was dried over and distilled from Call:. 
Tdmethylaminc hydrochloride and triethylaminc hydro- 
chloride were purchased from Aldrich and dried in a 
vacuum oven (120~C) in the presence of phosphorus 
pcntoxide. Nal was purchased ~?om Aldrich. 

3,3, Dtmethylisopr~v~ylsiiyl benzoate tJ 

Trir~¢thyhilyl ~ z o a t e  (3.40 8. 17.5 mm~d) and 
chlorodimethylisopropylsilane (4,73 g. 34,6 retool) were 
added to a 25nd flameodried ~ound bottom fla:,k via 
tared syringe. DMF was added (&10ml, 1.3mmol, 
7.4%) via syringe, The ~actlon mix,ore was allowed to 
stir under an argon atmosphe~ at I ~  °C for 2 days, The 
product was distilled at 116 °C at 8 mmHg. The yield of 
the product, which was a clear liquid, was 3.52g, 
15.9retool (91%), IR (neat) 3090--3030, 2950-2860, 
1700, 1~=1575,  1490~1450, 1315=1255, 1175, II 16, 
1068, 1026, !002, 860.780, 711cm ~.  ~H NMR 
(300  M H ~ ,  C D C I ~ )  8 0 .37  ( 6 H .  s, 
~Si(CH~):(CH(CH~):)), !.07 (6H, d. J ~ 6 H z ,  
=Si(CH~):(CH(CH~):)), 1.14 (IH. septet, J~6Hz, 
=Si(CH~):(CH(CH~):)), 7.44 (2H, t. J~8Hz, aro- 
maticH), 7,53 (IH, t, J ~ 8Hz, aromatic H ), 8,05 (2H, 
d, J- 8 Hz. aromaticH ) ppm. ~'~C NMR (75 MHz. 
C ~ I ~ )  ~ =4,03 (=Si(CH~)~(CH(CH~):)), 14.1)6 (= 
Si(CH :~),(C H(CH ~),)). 16.50 (- 
Si(CH~)~(cH(cH~)~)), 128,18 (aromaticC), 130.03 
(aromatic C ), 131.35 (/p,w) aromaticC), 132.79 
(aromaticC). 166,52 (carbonylC)ppm, ~Si NMR IN- 
EPT (59,6MHz, CDCI~) 8 26,~ppm, Anal, calcd, for 
C~:H~sO~Si (222.36): C, 64.82%; H, 8.16%. Found: C. 
64,98%; H, 7.96%. HRMS (FAB)calcd. for 
C~:H~sO~Si (M + H ~) 223.1154, Found 223.1157. 

3.4. Triisopropylsilyl benzoate (5) 

Tdmethylsilyl benzoate (2.49 g, 12.8 mmol) and 
chiorotriisopropylsilane (2.74 g, 14.2 mmol) were added 
to a 25 ml flame-dried round bottom flask via tared 
syringe. DMF (O.lOml, 1.3mmol, 10%)was added via 
syringe. The reaction mixture was allowed to stir under 
an argon atmosphere at 100°C for lOdays. The product 
was distilled at 175 °C at I I mmHg. The yield of the 
product, which was a clear liouid, was 2.79 g, IO.O mmol 
(78%). IR (neat) 2950-2870, 3130-3080, 1704, 1605- 
1580, 1463, 1451. 1313-1286, 1174, 1117, 1060, 1000, 
870, 845, 740, 680cm -~. IH NMR (300MHz, CDCla) 
8 1.16 (18H. d, J = 7Hz, -Si(CH(CH~)~)~), 1.41 (3H, 
.septet. J~=THz,-Si(CH(CHr~)2)I) , 7.44 (2H, t, J ~  
8 Hz. aromatic H), 7.55 ( I H. t. J =~ 8 Hz, aromatic H), 
8.08 (2H, d, J ~ S H z ,  aromaticH)ppm. I~C NMR 
(75MHz. CDCl~) /~ 12.03 (Si(CH(CH~),)3), 17.83 
(Si(CH(CH~),)~). 128.27 (aromaticC), 130.10 
(aromaticC), 131.45 (ipso aromaticC), 132.79 
(aromaticC), 166.23 (carbonyIC) ppm. -'~Si NMR IN- 
Elrl ' (59.6MHz, CDCI~) 8 22.64ppm. Anal. calcd, l'or 
CI~H:~,O~Si (278.47): C, 69.01%; H, 9.41%. Found: C, 
69.23%: H, 9.30%. LRMS (FAB) calcd. (M + H ~ ) 
279.2. Found 2792. 

3,5, 1.6-Bi.~ben:.oyhlimethylsilyl)hexane (6) 

Tnmethylsilyl ~nzoate ( 1.42 g, 7.30 retool) and 1,6~ 
bi~(¢hlorodi,~,ethylsilyl)hexane (I .26 g, 4,65 retool) were 
added to a flame°dried 25 ml round bottom llask via 
tared syringe. DMF (0u02 ml. 0.3 retool, 4%) was added 
to the flask via syringe. The reaction mixture was 
allowed to stir under an argon atmosphere at 70~C for 
3 days. The product could not ~ purified by distillation 
on a Bilchi Kugelrohr distillation apparatus at 
O. 14 mmHg up to 250 °C. The approximate yield of the 

' S  ~ " unpurified product, which was avt. cous oil, was 1.04 g, 
2.34mmol (64%). IR (neat) 3090-3030, 2955-2855, 
1708-1704, 1601-1575, 1490, 1451, 1408, 1313, 1295, 
1280, 1257, 1175, 1026-1009, 900, 836, 711 cm-m. 
IHNMR (300MHz, CDCI~) ~0.36 (12H, s, ( -  
Si(CH~):CH~CH:CH~=)~), 0.85 (4H, t. J ~ 8 H z ,  (- 
Si(CH~),~CH:CH,CH:-),). 1.38 (8H. m. (- 
Si(CH~)~CH~CH,CIL=)~), 7.41 (4H, t. d ~ 7Hz. aro- 
matic H), 7,54 (2H, t, J ~ 7 Hz, aromatic H ), 8.03 (4H, 
d, J ~ T H z ,  aromaticH) ppm, '~C NMR (75MHz. 
CDCI~) 6 - 17.3 ((~Si(CH~),CH:CH,:CH:=):). 16.05 
( ( - S i ( C H  ~ ) ~ C H ~ C H ~ C H ~ - ) , ) ,  22.74 ( ( -  
S i ( C H ~ ) , C H , ~ C H  ~CH ~ - ) ~ i ,  32.75 ( ( -  
Si(CH~)~CH:CH~CH~-)~). 128.23 (aromaticC). 
130.09 (aromaticC), 131.37 (ipso aromaticC), 132.85 
(aromaticC), 166.67 (carbonyIC)ppm. :'JSi NMR IN- 
EPT (59.6 MHz, CDCi.~) $ 24.98 ppm. Anal. calcd, t'or 
C~4H~OaSi~ (442.70): C, 65.11%; H, 7.74%. Found: 
C. 64.17%; H. 8.35%. 
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3.6. Diisopropylsilyl benzoate 17) 

Trimethylsilyl benzoate (2,88 g, 14,8 mmol) and 
chlorodiisopropyisilaue (3,3 I, 21.9 g, mmol) were added 
to a 25 ml flame-dried round bottom flask via tared 
syringe, The reaction mixture was allowed to stir under 
an argon atmosphere at 100°C for 24h. The product 
was distilled at 157°C at 6mmHg. The yield of the 
product, which was a clear liquid, was 2,88 g, 12.2 mmol 
(83%). iR (neat) 3090-3030, 2930-2867, 2144, 1704, 
1600-1580, 1462, 1452, 1380-1287, !176, II 14, 1068, 
1026, 1004, 881, 804, 761, 711cm-l. tH NMR 
(300MHz, CDCi~) ~ !.13 (12H, d, J =  7Hz,  
-SiH(CH(CHa)2)~), 1.25 (2H, d septet, J =  7Hz, J= 
2Hz, -SiFI(CH(CH~)~),), 4.58 ( IH,  t, d = 2 H z ,  
-Si H(CH(CH a),)2), 7.44 (2H, t, J = 8 Hz, aromatic H), 
7.56 (IH, t, J = 8 Hz, aromatic H), 8.08 (2H, d, J = 
8Hz, aromaticH) ppm. L~C NMR (75MHz, CDCla) 

11.79 ( - S i H ( C  H ( C H  3): )., ), 17.21 ( -  
SiH(CH(CH~),).,), 128.32 (aromaticC), 130.18 
(aromatic C), 131.02 (ipso aromatic C), ! 33.05 
(aromaticC), 166.66 (carbonylC) ppm. "~Si NMR IN- 
EPT (59,6MHz, CDCI~) ~S 15.21 ppm. HRMS (FAB) 
calcd, for C~,~H ~00~ Si (M - H +) 235. 1154, found 
235. I 150. 

3. 7. Dimethylsilyl benzoate tg) 

Trimethylsilyl benzoate (2.95g, 15.2 retool) and 
chh~rodimethylsihme ( ! 1.99 g, 126.7 retool) were added 
to a 25ml l'lame-dried round bottom flask via tared 
syringe, The reaction mixture was allowed to stir under 
an argon atmosphere at room temperature fi~r 10days. 
Tile producl was distilled on a Biichi Kugelrohr distillao 
tion apparatus at 100°C at II mmHg. The product 
obtained, 2.47 g. 13.7 mmol (90%), was a clear liquid. 
IR (neat) 3040~3020, 2963~2900, 2150, 1700, 160()= 
1575, 1310, 1290. 1255, 1125, 1070, 907, 886. 770, 
708cm °°. IH NMR (300MHz, CDCI~) t~ 0.48 (6H. d. 
J ~ 3Hz, -SiH(CH~):), 4.99 (IH, septet. J ~ 3Hz, 
-SiH(CH~):).  7.42 (2H, t, J - 8Hz. aromatic H). 7.55 
( IH,  t. J ~ 8 Hz, aromatic H), 8.06 (2H, d, J = 8 Hz, 
aromaticH) ppm. L~C NMR (75 MHz. CDCla) 8 - 2.05 
(~SiH(CH~):). 128.21 (aromaticC). 130.10 (ipso aro- 
maticC), 130.72 (aromaticC). 133.02 (aromaticC), 
166.92 (carbonylC)ppm. :'~Si NMR INEFq' (59.6MHz, 
CDCI~) 87.70ppm. Anal. calcd, tbr C,~HI~O:Si 
(180.28): C, 59.96%; H; 6.71%. Found: C, 59.76%; H. 
6.58%. 

3.8. Dibenzoyltetraisoptwpyhlisiloxane (I0) 

Trimethyisilyl benzoate (6.45g. 33.2mmol) and 
dichlorotetraisopropyldisiloxane (5.20 g, 16.5 retool) 
were added to a 25 ml flame-dried round bottom flask 
via tared syringe. The reaction mixture was allowed to 

stir under an argon atmosphere at 100°C tbr lOdays. 
The product was collected at approximately 210°C at 
0.14 mmHg on a Biichi Kugelrohr distillation apparatus 
The product was a clear liquid. The collected yield ot 
the product was 6.60g. 13.2mmol (80%). IR (neat) 
3090-3030, 2948-2870, 1709, 1580-1600, 1463, 1451, 
1390, 1360, 1313, 1293, 1251, 1117-1061, 998, 885, 
848, 761,710cm -I. IH NMR (300MHz, CDCI 3) ~3 1.15 
t24H, d, J = 7 Hz, Si(CH(C H 3)2).,), ! .40 (4H, septet, 
J = 7 Hz, Si(C H(CH3) .,)2). 7.38 (4H, t, J = 8 Hz. aro- 
matic H), 7.54 (2H, t, J = 8 Hz, aromatic H), 8.04 (2H, 
d, J = 8 H z ,  aromaticH) ppm. ~3C NMR (75MHz, 
CDCI~)  ~ 13.09 ( S i ( C H ( C H ~ ) , ) 2 ) ,  16.83 
(Si(CH(CH~):) , ) ,  128.26 (aromatic C ), 130.19 
(aromaticC), 130.99 (ipso aromatic C ), 132.92 
(aromaticC), 165.55 (carbonylC) ppm. 29Si NMR IN- 
EPT (59.6MHz. CDCi.~) c$ -10.14ppm. Anal. calcd. 
for C_,~,H~sOsSi~ (486.76): C, 64.16c,~: H, 7.87~/~. 
Found: C, 61.74%; H, 7.99%. 

3. 9. Dibenzoyltetramethyldisiloxane (11) 

Trimethyisilyl benzoate (3.86g, 19.87mmol) and 
dichlorotetramethyldisiloxane (I.90 g, 9.34 retool) were 
added to a flame-dried 25 mi round bottom flask via 
tared syringe. The reaction mixture was allowed to stir 
under an argon atmosphere at 70°C for 3days. The 
product was distilled in a Biichi Kugelrohr apparatus at 
ca, 195°C at 0.14mmHg. The yield of the product, 
which was a clear liquid, was 2.59 g, 6.92 mmo! (74%). 
IR (neat) 3090++3030. 2960=29ff0. 17(X). 1600=1575. 
1490, 1410, 1287. 1266. 1176. 1115, 1009. 826, 753. 
711cream .HNMR(3(RIMHz, CDCI~)80.50(12H,~, 
Si(C H~),). 7.38 (4.14, t, ,i ~ 8 Hz. aroniatic H), 7.52 
(2H. t. J ~ 7 Hz. aromaticH ). 8.05 (4H. d. J ~ 7 Hz. 
aromatic H)ppm. '~C NMR (75 MHz, CDCI~) 6 ~0.39 
(Si(CH~)2), 128.17 (aromaticC). 130.10 (aromaticC), 
130.88 (ipso aromaticC). 130.95 (aromaticC), 165.88 
(carbonylC) ppm. :'~Si NMR INEPT (59.6 MHz, CDCI ~) 
/~ -5.94ppm. Anal. calcd, tbr C~xH::O~Si: (374.54): 
C, 57.72%; H. 5.92%. Found: C, 56.68%: H. 6.29¢~. 

3. i0. Dibenzoyldiphenylsihme (12 

Trimethylsilyl benzoate (4.70g, 24.2mmol) and 
dichlorodiphenylsilane (2.97 g, ! 1.7 retool) were added 
to a 25ml flame-dried round bottom flask via tared 
syringe. The reaction mixture was allowed to stir under 
an argon atmosphere at 70°C for 14days. The product 
could not be purified by distillation on a BLichi Kugelo 
rohr distillation apparatus at 0.14mmHg up to 250°C. 
The unpurified product, which was a light brown viso 
cous oil, was characterized. The approximate yield of 
the unpurified product was 3.00g, 7.08 mmoi (60%). IR 
(neat) 3080-3000, 1700, 1601-1584, 1489, 1451. 1430, 
1314. 1289, 1280, 1175, 1128-1068cm ~1. IH NMR 
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(~MHz, CDCI~) 8 7.44-7.64 (12H. m. aromatic H ), 
7.96 (4H. d. J ~, 7Hz. aromatic H ). 8.18 (4H. d. J = 
8H_z. aromalicH) ppm. ~'~C NMR (75MHz, CDCI;) 

128.10(aromaticC), 128.43 (aromaticC), 130.17 (ipso 
aromatic C ), 130.61 (aromaticC), 131.49 (ipso aromat- 
icC), 133.50 (aromaticC), 133.71 (aromaticC), 135.28 
(aromaticC), 165.20 (carbonylC) ppm. 'gSi NMR IN- 
EPT (59.6MHz, CDCI3) 8-26.64ppm. Anal. calcd. 
for C:6H:oO4Si (424.53): C, 73.86%, H, 4.75%. Found: 
C, 71,49%; H, 4,72%. 

(a, omaticC), 128.17 (aromaticC), 130.38 (aromaticC), 
130.46 (ipso aromaticC), 130.80 (aromaticC), 131.46 
(ipso aromatic C ), 133.11 (aromatic C ), 134.88 
(aromatic C), 165.45 (carbonyIC) ppm. '°Si NMR IN- 
EPT (59.6 MHz, CDCI3) 8 - 35.04 ppm. Anal. calcd. 
for C3sH3oOsSi: (622.82): C, 73.28%; H. 4.86%. 
Found: C. 71.10%; H, 4.95%. 
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3. ! 1. Bi.~dimethylamino)phenyL¢ilyl benzoate (13) 

Trimethylsilyl benzoate (4.47g, 23.0mmol) and 
bis(dimethylamino)chlorophenylsilane (6.68 g, 
29.2mmol) were added to a 25 ml flame-dried round 
bottom flask via syringe. The reaction mixture was 
allowed to stir under an argon atmosphere at 100 °C for 
3days. The product was distilled at 89-92°C at 
0.14mmHg, The product obtained, 5.79g. 18.4retool 
(80%). was a clear liquid. IR (neat) 3070-3000, 2880= 
2800. 1700. 1640, 1600. 1480. !450. 1430. 1280, 
1175=996, 846, 760+710cm =t. ~H NMR (300MHz. 
CDCI+) 82.65 (12H. s. +Si(N(CH+):)++), 7.38-7.74 
(8H. b¢ m, aromatic H ). 8.16 (2H. d, J+~ 7Hz. aro- 
maticH) ppm. t+C NMR (75MHz. CDCI~) 837.48 
(=Si(N(CH~)+)+), 127.80 (aromaticC). 127.84 
(arom~ticC), 129.94 (aromaticC). 130.22 (aromaticC). 
131.46 (tpso ammaticC), 132.60 (ipso aromaticC), 
132.89 (afomaticC), 134.7~ (aromaticC), 165.43 =HJ.. 
(carbonylC) ppm, ° Si NMR i N E ~  (59,6 MHz, CDCI~ ) 

= 33.60ppm. AnaI, ealcd, for C,~H~+O:NSi (314.46): 
C, ~,93%; H, 7.0~%. Found: C. 6~.10%: H, 0,94%. 

3.12. Diben=oyltetraphenyhlls#oxmw (14) 

Tdmethylsilyl benzoate (2,63 g, 13,5 retool) and 
dichlorotetmphenyldisiloxane (2,95 g, 6.54mmol) were 
added to a 2~ ml flame~dried round borom flask via 
tared and heated syringe, The reaction mixture was 
allowed to stir under an argon atmosphere at IO0°C for 
10days. The product could not be puritied by distillao 
lion at 0,14mmHg up S~, 2500C. The unpudficd p~od+ 
uct, which was a very viscous oil, was characterized. 
The approximate yield of the unpurified product was 
3.15g, $.06mmol (77%). IR (neat) 3070=3000, 1700. 
1600=1570, 1450, 1420. 1320, 1286, 1176, 1125=1074, 
997. 934, 847. 772cm =~, ~H NMR (300MH~, C ~ * ~ )  
87,30=%52 (18H. br m. aromatic H ). 7,83 (SH, d, 
J - 8 H z ,  aron~+~ticH). 7.95 (4H, d, J ~ S H z .  aroo 
~ t i c H )  ppm. ~C NMR (7~MHz. C~I .~ )  6 127.85 
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