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Abrlruct: The 13dioxolamtion of carbmyl compounds with 2,3-b~trimcthylsily~xy)-~y~ilylpl 
(BTIP) in the presence of carslytic ~ountp of trimethylsilyl trifluamcIbanesulfonate QMS0Tf.I has been 
invespltated. B~Fesdilyconvatsd~lcetonesandlrlddrrdcstotbeircamsponding4_oimechylsilylmahyl- 
13dmxclmm.butfailcdfatnmebinduedsubsmm. The 4-mimethylsilylm&yl-13diuxolaac can be sckzlively 
cleaved to regenerate the carbony compound in the prcscncc of a 1.3dioxolane using either LiBF4 01 HF in 
acctonilailc. 

A common strategy for the protection of ketones and aldehydes involves their conversion into 1,3- 

dioxolanes or 1,3dioxane.~.~ The removal of these pmtecdng groups is nonnaUy effected under aqueous acidic 

conditions, although a plethora of alternative, non-aqueous conditions sre available? Fiquently, problems can 

arise associated with lability of the elaborated structure towards deprotection. In order to side-step these 

difEculties, saucturally modified 13-dioxanes and 1~3dioxolanes have been developed which can be removed 

by a variety of mild processes. For example, the 5,5dibromo- 13dioxane3 or 4-bmmomethyl- 1.3dioxolane‘t 

protecting group can he removed via mild reductive elimination; the S-methylene-1,3dioxanes or 4-@butenyl)- 

1,3dioxolan& can be cleaved with Hg(lI); the S-(2-pyridyl)-1,3-dioxsne7 undergoes alkylation to a pyridinium 

ion and subsequent fragmentation under basic conditions to regenaate the carbony compound, and the 4-(2- 

nitrophenyl)-1,3-dioxolane* is labile to photolysis. Each of these methods is virtuous but limited by the 

introduction d functionality (e.g. oldin, halogen, heterocyclic nitrogen atom, or aryl nitro group). 

It seemed that a ketal having a uimethylsilyl group fl to oxygen might be readily &protected under mild, 

fluoride assisted conditions and that such a ketal would not suffer the disadvantage of introducing unwanted 

functionality. The conceptual drawback to this approach involved the usual conditions for effecting protection, 

namely that acid catalyzed removal of water from a mixture of diol and carhonyl compound would likely result 

in destruction of the ~3-silyl substituted substrate or product. We found that this problem could be circumvented 

by modification to Noyori’s ketalization9 approach: when 2.3~hia(uimethylsilyloxy)-uimethylsilylpropane 1 

was reacted with certain ketones and aldehydes at low temperam in the presence of Th4SOTf. B-silyl 

substituted ketals such as 2 could be obtained in excellent yields.lo Further, the resultant 4- 

(trimethylsilylmethyl)-1,3-dioxolanes (TMSD protecting group, e.g. 2) could be readily cleaved back to 

carbonyl compounds in the presence of fluoride sources. 
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The ketaliition reagent 1 was readily prepared in two steps fmm allyhrimethylsilane 3 as follows: 

To a BY! solution of 3 (1 equivalent) in acetone (2 mlJmmo1 of 3) was added 4% by weight aqueous osmium 

tetroxide (1 mol 96 based on 3) and N-methylmorpholine-N-oxide (NMNO. 1.5 equivalents). After 30 min. the 

mixture was warmed to ambient temperature and stirred an additional hour. The tea&on mixture was poured 

into sat. aq. ammonium chloride and extracted several times with dichloromethane. The organic layer was 

treated fiit with solid sodium dithionite, dried over anhydrous sodium sulfate, and concentrated in vacua to 

provide a syrupy liquid. Flash chmmatography (50% EtOAc/hexane) over silica gel gave the pum dio14 in 98% 

cat. OS04 
wSiMe3 - 

Me&Cl 

NMNO 
HOT SiMe, - 

Pyridit= 

MqSiOy SiMe, 

3 Ho 4 
Me$iO 1 

yield. The diol was silylated by treatment under nitrogen of 4 (1 equivalent) in dichloromethane (4 mIJmmo1 of 

4) at O’C with freshly distilled pyridine (3 equivalents) followed by chlorottimethylsilane (2.2 equivalents). The 

reaction was monitored by TLC (silica gel, 30% CH&!l2-hexsne) and when complete, was poured into sat. aq. 

ammonium chloride. The combined dichloromethane extracts were washed with aq. sodium bicarbonate, dried 

over anhydrous magnesium sulfate, filtered, and evaporated to give crude product which was purified by 

vacuum distillation to provide 1(89%). The success of subsequent reactions was dependent on the absence of 

any unmatted alcohol in the product 1. 

Generulprorecrion procedure: In a typical experiment conducted under inert atmosphete, the pure carbonyl 

compound (1 equivalent) was dissolved in dry dichloromethane (1 mL/mmol ketone) and 2,3- 

bis(trimethylsilyloxy)-l-trimethylsilylpropane 1 (1.1 equiv.) was added. The mixture was cooled to -78’C and 

treated dmpwise with 0.01 equivalents of 0.177 M TMSOTf in dichlommethane. The reaction was monitored 

by TLC and quenched at -78’C by adding dry pyridine (0.25 equiv.). After 10 minutes. the reaction mixture 

was poured into sat. aq. NaHm. and was then extracted several times with dichloromethane. The combined 

organic layers were washed with sat. aq. NH&l, dried over MgSO4 and evaporated. After the solution was 

concentrated the residue was purifii by column chromatography and/or distillation. 

Gene& cleavage procedure: The ketal(l equivalent), dissolved in dry acetonitie (1 mIJmmo1 ketal) 

under inert atmosphere, was treated with 1.0 M LiBF4 in acetouitrile (1.1 equivalent). After 30 minutes at 

reflux, the solution was cooled, poured into water, and then extracted several times with dichloromethane. The 

combined organic layer was washed with sat. aq. NaHC03, dried over MgS04, and the solvent evaporated to 

provide the carbonyl compound. Alternatively, the ketal (1 equivalent) was dissolved in acetonitrile (1 

t&Intnol ketal) and treated with 0.1 M HF in water (1.1 equivalent). After 15 minutes at room temperature, the 

solution was cooled, poured into water, and then extracted several times with dichloxumthme. The combined 
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orgauic layer was washed with sat. aq. NaHcoj. dried over MgSO4, and the solveflt evw to provide the 

C=-Yl comrpaumd. 

Table 1. Reaction of Carbonyl Compounds with 2*3-bis(~e~yls~yloxy)~y~yl~~e 1 and 

TpvpSOTf in Dichknanerhane at -78’C.a 

benxaklehyde 2 100 loo- 102 6:4b 
- 2-octanone 6 85 g4 Hg> 

- 4-e (1mmHg) 

cycl0hexanone 

46 :4 

114 

2-~ylcyc~~e 
(9.5 mInHg) - 

5 88 75-78 fx2:2b 

l,4-cyclohexanedione 
(0.7 mm Hg) 

monaethylene ketal (5) 4.5 75 130-13s 
- cyclopentanone 4 80 U$=HgI 

2,~thylcyclohc-e 88 
: 

(0.6 snm Hg) 

2~,6-trimethylcyclobexanone 45 
2-i~pyl-~~~yl- 

cyGlohexanone (menthone) 6 3-methylcyclohex-2-m- 1 -one 17 8 
acetylcyclohX~ 16 0 

a~ prc&ctp were fully charactaized by NMR. fR, M.S., and ehmmat analysis. b-inai by NMFL 

We were surprised to fiid that enones could not be coerced to undergo protection by this method. 

Noyorig and Hwult-12 have effected protection of a$-unsaturated carbonyls using 1,2- 

bis(trimethylsilyloxy)etane catalyzed by TMSOTf. Hwu found that saturated ketones undergo Noyori 

ketaliz@ion more rapidly than do a,&unsaturated aldehydes, and also that sterically u&ii saturated ketones 

undergo Noyori kctalization mom rapidly than do a&unsaturated ketones. For the enones studied, BTI’P was 

consumed in the reaction suggesting that the rate of ketalization of enones by B~~S~~ is ~~~c~dy 

slower than the rate of decomposition of 1 by ‘IMSOTf. ‘II& suggestion is fw supported by the lack of any 

tram of pmected enont in reaction mixtures kinetically quenched at various time intemls. 

The selectivity of the protection and deprotcction steps wem examined First of all, it was found that 
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4-(trimethylsilylmethyl)-l,3-dioxolanes (TMSD’s) such as 2 were resistant to conventional reagents for silyl 

ckavagc: t~trabutybmmonium flucnidc (TBm in m, CsF in THF, RF, 18-crown-6, THF. Thus, it would 

seem likely that sllyl ethers could be deprotec#d in the presence of the TMSD protc&q group. Intiemstingly, 

unsubstitutod 1,3-dioxolanes am not disturbed during the itmoduetlon of the TMSD protecting group. For 

exampk. either mono-ketalSI3 or 614 could be protected to give mixed-bisketals. S&I as 7. Fm&ermom. the 

TMSD mixed bit+hetal7 was seketively dqmteu&byeitberLiBF4orHFinaeetonittik. 

0 0 

d3 

OT 0 I-IF, CH$!N 
1, TMSoTf 

& 

20X!, 85% 
) 

CH&!!-78-C WSi < 

) 6 

O/ H 

or 

0 H LiBF4, CHsCN 

6 7 497% 

The formation of diasteffomer c 4-(trimethylsilylmethyl)- 1,3dioxolanes ftom asymmetrical catbonyls 

represents a limitation of this method. For example, 7 was obtained as a 1:1:3:3 diastereome ric mixture 

(NMR). We ate currently examining the synthesis of a symmetrical variant of the TMSD group: the 2,2- 

bis(ttimethylsilyl)-1.3-dioxane. 
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