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ABSTRACT
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70°C, 12h
n=33-35

A one-step, highly selective catalytic route to silyl esters is reported. Commercially available silanes with Si-H functionality were converted
to silyl or siloxy esters in the presence of Pd(OAc), under mild reaction conditions. This protocol was found to be equally applicable for the
modification of multiple silicon centers in one framework and lead to the corresponding polysilyl esters in high yields. A comparison of
catalytic efficiency of Pd(OAc), versus Pd on carbon was also undertaken.

Simple methods for the quantitative conversion of a variety and biomedical applicatiortsA few of the many applications

of organic compounds into stable, easily isolable and of polysilyl esters are in the cotton textile industry to impact
identifiable silyl derivatives are required in organic synthe- water repellencyas liquid cross-linkers, adhesion promoters,
sis! The silylating agents generally used in the conversion and as a source of silicon dioxidePolysiloxanes bearing

of the carboxyl function to the silyl ester group are sjiy| ester end groups have also been used as protection
aminosilanes which _require p_rolonged heating and continuousagemS in anionic polymerizati®nand in photographic
removal of ammonia or amirfeOther important methods 5 jications and as viscosity reduction ageffsAlthough

tc;ksynthlesme S.':K' estte rts are by theatlﬂg dcglgrosnanes O3 wide range of transition metal catalysts have been reported
aikoxysiianes with acetales or acetic annydrideawever, for dehydrocoupling of OH-containing compounds with
these processes are applicable under extreme reaction condi-. " .
: . . silanest! there are only a few examples of COOH/SiH
tions and are accompanied by side products.

The utility of introducing functional groups on a polysi- dehydrocoupling reactiod8We report herein a very simple,
loxane backbone is well recognized, and modifying the efficient, catalytic route for quantitative conversion of silanes

existing ones is a continuous challenge. Organofunctional

polysiloxanes couple the unique properties of polysiloxanes (4) Chauhan, B. P. S.; Boudjouk, Petrahedron Lett1999,40, 4123.

. . - - Arruda, A. F.; Campiglia, A. D.; Chauhan, B. P. S.; Boudjouk,ARal.
with the wide range of reactivities of carbon functional cpim“acta1999 396, 263.

organic groupd. The degradation properties of polysilyl (5) Peppas, N. A; Langer, Bciencel 994,263, 1715; Langer, RAcc.

esters have received considerable interest in environmentafCnem- Res1993,26, 537. Weinberg, J. M.; Gitto, S. P.; Wooley, K. L.
acromolecules 998,31, 15.
(6) Patrode, W. I. U.S. Patent 2,306,222, December 22, 1942. (b) Barry,

(1) Pierce, A. E.Silylation of Organic Compoung$ierce Chemical A. J. U.S. Patent 2,405,988, August 20, 1946.

Co.: Rockford, IL, 1968. Colvin, E.Silicon in Organic Synthesis (7) Kendrick, T. C.; Parbhoo, B.; White, J. \Whe Chemistry of Organic
Butherworths: London, 1981. Haslam, Eetrahedron1980, 36, 2409. Silicon CompoundsPatai, S., Rappoport, Z., Eds.; John Wiley & Sons

(2) Aizpurua, J. M.; Palomo, C.; Palomo, A. Can. J. Chem1984,62, Ltd.: New York, 1989; Chapter 21.

336. Palomo, A. LAn. Quim..1981,77(1), 35. Palomo, A. L.; Palomo, C. (8) Mormann, W.; Schwabe, A.; Sikora, Rlakromol. Chem1986,
An. Quim.1981,77(1), 87. Palomo, CSynthesis1981, 809. Aizpurua, J. 187, 133. Morshima, Y.; Hashimoto, T.; Itoh, Y.; Kamachi, M.; Nozakura,
M.; Palomo, CBull. Soc. Chim. Fr. 111982, 265. S.J. Polym. Sci., Polym. Chem. E1982,20, 299.

(3) Mbah, G. C.; Speier, J. LJ. Organomet. Chenil984, 271, 77. (9) Shirai, M.; Miwa, T.; Tsunooka, MChem. Mater1995,7, 642 and
Schuyten, H. A.; Weaver, J. W.; Reid, J. D.Am. Chem. S0d.947,69, references therein. Aoai, T. (Fuji Film Co. Ltd.) Eur. Pat. Appl. EP010599,
2110. Sauer, R. O.; Patnode, W. Am. Chem. Socl945, 67, 1548. January 9, 1985; JP Appl. 83/117 769, June 29, 1983.
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and siloxanes to corresponding esters. In addition, applicationthe 4.76 ppm signal in thtH NMR and —36.6 ppm signal
of this approach to obtain polysiloxy esters is also disclosed. in the 2°Si NMR showing consumption of the Si—H bonds.
In initial experiments, we reacted commercially available A new set of signals for the central silicon atoms appears in
silanes with acetic acid and 1 mol % (by weight) of Pd- the?°Si NMR spectrum in the range 6f57 to —66 ppm.
(OAc), catalyst in GDg solution (Scheme 1). Triethyl- and  As expected, there are only small variation3®&i NMR
shifts for OSiMg in the productsd 7 to 10 ppm) from the
_ starting siloxane (8.9 ppm). When comparing the yields
Scheme 1. Conversion of Hydrosilanes to Silyl Esters from dlf'fer_ent reactlons, itis Impor_tant to note th‘tit low yleld.s
were obtained in reactions from trichloro- and trifluoroacetic

ReSH + RCOOH — aQAck (imol %) RSSIOCOR! acids and methanesulfonic acid (entries 5—7, Table 1). To
CeDe, RT improve the efficiency of these reactions, we dried the
reactant methanesulfonic acid by the standard procédure.
Eniry  R3SiH R'COOH Conditions Yield The acid was then treated with monosiloxahender the
same conditions except that the concentration was reduced
1 R=C,Hs R'=CH; RT.6h 98% by a factor of 6. The reaction was completed in 24 h, and
the yield of the siloxy ester was quantitative (based4dn
5 R=C,Hs R'=C¢Hs reflux. 4 h 95% and?°Si NMR). Thus, we assume that the yields in entries

5 and 6 can be improved in the same manner.

Under typical reaction conditions, quantitative conversion
of 1,1,1,3,5,7,7,7-octamethyltetrasiloxa@eto the corre-
sponding ester derivative was achieved by heating it with

. . ) . acetic acid at 70°C for 8 h (Scheme 2). The reaction
triethoxysilanes were readily converted to the corresponding

silyl carboxylates in excellent yields. The reactions were

monitored by*H and?°Si NMR, which showed the disap- _

3 R=0C,H; R'=CH; RT, 4h 98%

pearance of the Si-H signals and the appearance of a new Scheme 2: Synthesis of Oligosilyl Esters
signal in the?*Si NMR for the product silyl ester. The orange- Me3SiO._ o 0SiMe;
colored Pd(OAg)solution in benzene turns black on addition Si/ \Si/
of the silane. These suspended black particles are precipitated HsC/ \ / \CH
on completion of the reaction. The pure products were H H 8
obtained by simple filtration of the catalyst. There was no
reaction between acetic acid and silanes in the absence of
Pd(OAc) under the same reaction conditions. CHZCOOH Pd(OAC)z, 1 mol %

We first examined model monosiloxane 1,1,1,3,5,5,5- 70°C,8h
heptamethyltrisiloxane, [Ci$iH(OSiMe),] 1, which is
commercially available and closely related to the polysilox- , OSiMes

) . MegSiO o

anes of interest. The present catalytic process was found to \Si e \Si——Me
be quite general. Thusreacted successfully with a variety
of acids under mild conditions to provide corresponding MeCOQO Me OOCMe
monosiloxy esters in good yields (Table 8)With the
exception of benzoic acid, which required 70, all acids

were silylated at room temperature.
The reactions were monitored ¥ and 2°Si NMR.
Reaction completion is indicated by the disappearance of conditions remain the same, and the formation of the product
was monitored byH and?°Si NMR.

] After establishing the reaction conditions for esterification

Table 1. Reaction of Monosiloxané with Acids® of model siloxanes, including their NMR signatures and

entry  substrate  reactn condns ?°Si NMR CeDs yield, % (11) Gauvin, F.; Harrod, J. F.; Woo. H. @dvances in Organometallic
1 CH3COOH rt, 8 h ~57.9.10.0 90 fgggl\s/t(?l/;‘lsztone, F. G. A., West, R., Eds.; Academic Press: New York,
2 HCOOH re,2h —58.3,10.7 99 (12) Schubert, U.; Lorenz, Gnorg. Chem.1997,36, 1258.
3 PhCOOH 70°C,6h —57.1,10.3 98 (13) In a preparative scale experiment, a mixture of palladium acetate
4 R"COOH¢ rt 3h -58.3 10.4 85 (0.0336 g, 0.15 mmol) and acetic acid (0.855 mL, 15 mmol) iD34.0
' _ ' mL) was degassed by three freezmimp—thaw cycles. Upon addition of
5  CCLCOOH  rt,2h 65.8,7.6 65 1,1.1,3,5,5,5-heptamethyltrisiloxane, [63H(OSiMe)s] 1 (4.06 mL, 15
6  CFsCOOH re,1h —65.2,85 60 mmol), to the reaction mixture, gas evolution (presumabis observed
7 CH3SOsH rt,1h —65.5,7.4 60 in addition to a color change from yellow to black. The progress of the

reaction was monitored b¥H and 2°Si NMR. The Si-H signals at 4.76
21n all cases the reactions were carried out in the presence of 1 mol % ppm in the'H NMR and —36.28 ppm in th&Si NMR disappear and a
of Pd(OAc) in C¢Ds (0.50 mL) and 2 mmol of the acid and silarteOn new signal appears at57.9 ppm in thé°Si NMR for the acetate-substituted
the basis of théH NMR spectrum®R" = (OC;Hs),POCH. silicon center. After the completion of the reaction, the black turbid solution
turned colorless and the catalyst precipitated as a black solid. The liquid
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isolation technigues, we examined the catalytic activity of 2°Si NMR data clearly showed the disappearance of Si—H

Pd(OAc) to convert a polysiloxane backbone containing

bonds at around-35 ppm and new multiple signals for

multiple Si—H centers to the corresponding polysiloxy esters acetate-substituted siloxane units centered=.6 ppm. The

(Scheme 3). Thus, poly(methylhydrosiloxadgontaining

Scheme 3: Synthesis of Polysilyl Esters

MeCOOH . o3 gne
70°C, 12h Mo~ Nooche
%S;Mes P1 (Yield=90%)
o
éi/ " PROOOH - Mes80 5 N gite,
\]L\Me 70°C, 24 h Mo ooceh
Me3SiO P2 (Yield=85%)
n=33-35
4] R'CH,COOH MegSIO~(__ /O*S'
SN n SiMez
70°C, 18 h Me”  N00GGH,R"

P3 (Yield=88%)
R" = PO(OC,Hg),

30—35 Si—H units) was treated with acetic acid in the
presence of 1 mol % of Pd(OAcin benzene. The reaction
went smoothly at 70C to give poly(acetoxymethylsiloxane)
P1in 90% vyield.

Remarkably, even in the case of polymeric systems, we

were able to monitor reaction progress $gi NMR. The

terminal OSiMg groups are observed as one signal at 11.7
ppm. Complete substitution of Si-H groups to acetoxy groups
was further confirmed by IR analysis (disappearance of the
Si-H band at 2166 crt). Similar results were obtained from
reactions with benzoic acid and diethylphosphonoacetic acid
to furnish the corresponding substituted polymBg&and
P3in good yields (Scheme 3).

Interestingly, in all cases, the black solid catalyst left after
removal of the product from reaction mixtures is recyclable
with only a slight decrease in the reaction rate. For example,
benzoic acid reacts with siloxarieat 70 °C to yield the
corresponding ester in 6 h (entry 3, Table 1). After removal
of the product, recharging the reaction vessel with starting
materials led to 100% conversion to the same product in 30
h at 70 °C. This experiment led us to examine the catalyic
activity of Pd-metal on carbon. We found that replacing Pd-
(OAc), with Pd/C and using the same reaction conditions,
treatment of triethylsilane or 1,1,1,3,5,5,5-heptamethyltrisi-
loxane 1 with acetic acid, led to the formation of the
corresponding silyl esters in 6®5% yield. However, the
Pd/C catalyst was not effective for the polynier

In conclusion, we have demonstrated that palladium acetate
is an efficient catalyst for the high-yield synthesis of siloxy
and polysiloxy esters under mild conditions. The catalyst can
be recycled and is easily accessible. Thus, it offers significant
advantages over [RRCuH] which requires a multiple-step
synthesis and is difficult to obtain in high purit§.

Acknowledgment. Financial support of the Air Force
Office of Scientific Research through Grant F49620-99-1-

was removed by syringe and passed through a small silica gel column 0283 and_ the National Science Foundation throth Grant
(eluent: benzene) under nitrogen to remove traces of the catalyst. 3-Acetoxy-9874802 is gratefully acknowledged.

1,1,1,3,5,5,5-heptamethyltrisiloxane (3.27 g, 78%) was obtained by evapo-

rating the solvent under vacuum.
(14) Armarego, W. L. F.; Perrin, D. DPurification of Laboratory

Chemicals, 4th ed.; Reed Educational and Professional Publishing Ltd:

1996.

Org. Lett., Vol. 2, No. 8, 2000

OL005507T

(15) Brestensky, D. M.; Huseland, D. E.; McGettigan, C.; Stryker, J.
M. Tetrahedron Lett1988,29, 3749.

1029



