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The Photolytic and Hydrolytic Lability of Sisyl (Si(SiMe3)3) Ethers, An
Alcohol Protecting Group

Michael A. Brook,” Sonya Balduzzi, Mustafa Mohamed and Christine Gottardo'

Summary: The tris(trimethylsilyDsilyl (sisyl) group is a photelabile protecting group

primary and secondary alcohols. Sisyl (tris(trimethylsilyl)silyl) ethers 2b-11b of
number of primary and secondary alcohols 2a-11a were prepared in yields ranging from
70-97%. The resulting silyl ethers were stable to aqueous bases, Grignard reagents and
Wittig reagents as would be expected for bulky alkoxysilanes. They were also stable to
selected fluoride salts including CsF. The sisyl ethers could be cleaved using photolysis
at 254 nm in under 30 minutes to g1ve the starting alcohols in yields ranging from 62-
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dimethyl-1,3-butadicne as a silylene trap The regiochemistry of the oligosilan

ne ap. he regiochemistry of gosilane
fragmentation to silylenes was shown to be dependent upon the alkoxy group. The
hydrolytic stability of three sisyl ethers was compared with the analogous -
butyldimethylsilyl ethers. The relative stability of the two silyl groups can be altered by
choice of solvent: in acetic acid/water the ease of hydrolysis followed the order
ROSi(SiMe;); > ROSiMe,t-Bu; the inverse order was observed in CDCl; using p-
TsOH-H,O. Pseudo-first-order rate constants for the acidic hydrolysis of primary,
benzylic, and secondary sisyl ethers in AcOH/T HF/H,O were determined to be 3.74 x

10‘2 ‘l 1.94 ¢ 10‘2 -1 ,and 1.30x 102 ¢! reqnw-nvelv The analogous rate constants fnr

the TBS ethers were determined to be 6 04 x 107 5 ,3.53x 107 s s ,and 3.49 x 107 s,
respectively. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords: Hydrolysis; Kinetics; Photochemistry; Protecting groups; Silicon and
compounds

INTRODUCTION

The “gold standard” for the protection of alcohols is the silyl ether.”*’ One enormous advantage
associated with the use of silyl ethers is the ability to regencrate the alcohols using fluoride under conditions
that do not generally affect the rest of the molecule. In addition, the steric bulk of the ligands on silicon can be
reliably used to control the case of preparation and deprotection of silyl ethers.* Thus, as the size of the group
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increases from trimethylsilyl’ to #-butyldimethylsilyl,>’ ¢-butyldiphenylsilyl® and triisopropyisilyl,” for instance, it
is increasingly difficult to introduce the silyl group and to effect deprotection via acidic or basic hydrolysis.”"’
Frequently, in synthetic operations, it is important to be able to selectively remove protecting groups.
Thus, there is a need for methods that override the general trends for hydrolysis rates based on steric bulk. The
photolytic cleavage of silyl ethers provides an alternative approach to selective deprotection that does not rely
on steric bulk for discrimination between silyl groups, and which has received little attention.'’ We have
previously reported on the use of tns(tnmethvlsﬂvl)sﬂv (sisyl) ethers as photolabile protecting groups.'> One
i . The other major

X,

Tris(trimethylsilyl)silyl ethers were prepared by the simple and traditional expedient of reacting the
chlorosilane with an alcohol in the presence of 4-dimethylaminopyridine (DMAP): TBS ethers were prepared in
an analogous manner from z-butylchlorodimethylsilane. CH,Cl, was chosen as solvent over DMF’ both
because of the excellent solubility of the alcohols examined in this solvent and its efficient removal at the end of
the reaction (Scheme 1A). Sisyl chloride 1 is simply formed from tris(trimethylsilyl)silane by stirring with
carbon tetrachloride. "
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could not be converted to sisyl ethers in good yield, this problem is common for bulky silyl ethers: the
corresponding r-butyldimethylsilyl ethers are generally prepared from the more reactive t-butyldimethylsilyl
triflate, rather than the chloride®.

Me,Si~ I .SiMe,
Si , .
- 3 ; R SiMe, ny o
fl*' SiMe, 1 * S? - “"MeOH l;('
> R 0" | “SiMe =
R -~ OH  DMAP ,| °  orTBAF R N OH
A Me,Si B

2a-12a 2b-12b 2a-12a

Scheme 1

Stability to Synthetic Reagents: The utility of a protecting group is clearly related to its resistance to a variety
of conditions routinely used in organic synthesis. It was possible to show that sisyl ethers are not stable
towards n-BuLi, to LiAlH, or, presumably, to rciated nucieophiles. In both cases, a mixture of products
including the unprotected alcohol was recovered. Likely, the external SiMes group is vulnerable to attack by

such strong nucleophiles.'”> However, sisyl ethers were stable'® to related, less reactive organometallic reagents
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(3.0 M MeMgBr; PhsP=CH,) and were aiso stable towards oxidati
acid is addressed below.

Table 1: Alcohols Protected with Chlorotris(trimethylsilyl)silane and Silyl Ether Deprotection

Compound Alcohol Protection® Deprotection®
(% Yield 2-12b) (% Yield 2-11a)

Geraniol 2 74 90
Dccanol 3 85 68
2-Octanol 4 78 95
Cyclopentanol 5 70 88
Cholesterol 6 79 87°
2,2,2-Trifluoroethanol 7 97 62°
2-Chloroethanol 8 89 90
2,2,2-Trichloroethanol 9 83 89
2-Phenylethanol 10 85 82
Citronetiol ii 81 9i
Benyzl alcohol 12 82 ND

* Yields reported are based on purified product. *Irradiation performed on a 0.01 M solution. “Lower isolated
yields were due to the volatility of the starting alcohol.

Deprotection: The sisyl ethers were, somewhat surprisingly, also stable towards selected fluoride reagents.
Three such reagents were examined; KF + 18-crown-6, cesium fluoride and tetrabutylammonium fluoride. The
sisyl ether proved to be stable to the former two reagents in THF. However, deprotection occurred in the

resence of tetrabutylammonium fluoride. These results are summarized in Table 2.
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Table 2: Products recovered from various stability tests

roanometallic Reaoents Fluoride Reagents Other Nucleonhiles
Urganometallic Reager uorile keag r Nucleophiles
CH;MgBr Ph,PBr Jones  KF/18- nBu,NF CsF LiAlH, nBuli

~ -

NP -4
TOWN-0
100% 6b 88% 6b 100% 6b 100% 6b 100% 6a 100%6b 6a + other products 6a + other products

The silyl ethers readily underwent photodegradation at 254 nm (Table 1). As the sisyl ethers were
soluble in CH,Cl,, and because of the convenient removal of this solvent by evaporation, it was used
throughout for the photolysis with wetl methanol as the proton source. All irradiations were complete within
30 minutes. The deprotection proceeded rapidly to give high yields of the starting alcohol (62-95%, Scheme
1B, Table 1).

Hydrolytic Deprotection: Our original paper reported that the sisyl ether of cholesterol was stable to acidic
aaueous acetone.!? It is not very soluble in partly agueous media and, therefore, the compounds listed in Table
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3 were chosen instead for the kmeuc study although they are not enurely representatlvc of the more complex
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group, relative to that of the TBS group, the rates of acid-catalyzed hydrolysis of a series of both sisyl and TBS
cthers were measured. A modification of the procedure established by Corey ez al., which utilizes an aqueous
solution of THF and acetic acid, was found to be suitable.” Pseudo-first-order rate constants were obtained by
monitoring the loss of silyl ether by '"H NMR and comparing the integration of the peaks corresponding to
starting material and products. The k. values were calculated from least squares linear regression analysis of
plots of the silane concentration as a function of time. The 'H and ">C NMR spectra were compared before
and after samples were spiked with an authentic sample of the alcohol, confirming it to be the major product of
hydrolysis. The observed rate constants for acidic hydrolysis of the sisyl and TBS ethers are given in Table 3."

Table 3. Rate constants for acidic hydrolysis of silyl ethers ROSiR';

SiR’; R (compound no.)

CH,CH,Ph CH.P C:-H,

;U Pn (e b] ot} Cshis
[T 7 0 2 SAYRY 274« 102 1 an 104+ 102 11 1A e 12l
Si(diLr13j3)a 3./4X1U° 8 1V 1.794X1U° 8§ 14 13X 1U 8 S
Si(CHa)st-Bu 6.04x10° s 13 3.53x 107 s 14 3.49 x 103 s 15

Several subtly different mechanisms for the acidic hydrolysis of silyl ethers have been proposed based
on both kinetic'® and stereochemical studies.'” Despite evidence for the occurrence of general”® and specific
acid catalysis® in hydrolysis, and for the expansion of coordination at silicon in alcoholysis,” the specific
structures involved in the rate-determining step remain elusive.

The relative rates of different reaction classes as a function of relative steric bulk have been elegantly
reviewed by Hwu.* In general, the dominant factor in the hydrolysis rates of alkoxysilanes is steric bulk around
the silicon nucleus. The decreasing rate found on going from compounds 13 to 15 and 10 > 12 > 5, where the
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alcohol bulk is increasing, is consistent with this relationship.>'
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similarly be simply the result of a difference in steric contributions from three SiMe; groups versus two methyl
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groups and a r-butyl group. The proximity of the latter groups to the reacti
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the shorter Si-C than Si-Si bonds, better shieids the silicon in 14 from nucleophilic attack. This effect can be
seen from the volumes, calculated using the MM2 force field, of three related compounds: 2 14, 16 and 12
were calculated to have volumes of 389, 532 and 595 A’ respectively (Chart 1). All the increased volume on
going from 14 to 16 results from an increased number of proximal, shielding methyl groups. One would expect
the latter compound to react more slowly than 14.* By contrast, the change in volume from 16 to 12 results
from moving the shielding methyls away from the silicon centre. Thus, the increase in volume in this case
corresponds to an increased accessibility of nucleophiles to the silicon centre. We have previously observed
that the central silicon atom is more susceptible to nucleophilic attack than the external SiMe; groups in sisyl-
containing molecules.**

This direct dependence of relative rates on steric effects seemed reasonable for acid-catalyzed

vdrolysis in agueous acid. However, the picture is not this simple. When the rates of hvdrolysis of 14 and 12
2YGro:ysis i aQueous D2OWCY W0 PICIUTC 15 ROL IS SIMPRC DO N0 TALCS O f1YCIOLYSS O 28 allC 14
wora moaanrad neing notnlhanacnifnnis arid.mannhvudrate in COTYL a thranfnld rata anhancamoant nf hudealucic
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The basic steps involved in acidic hydrolysis are shown in Scheme 2. In acetic acid / water the first two
steps (17 — 18 — 19) are likely to be rapid equilibria: there is an excess of both water and acid in the reaction.
Furthermore, the reaction can be facilitated by general and specific acid and base catalysis, 20204 By contrast,
in CDCl, the concentration of acid and water are at once equal and relatively low. Thus, under these
conditions the rate determining step may well be different. However, these differences in reaction conditions
should affect the two different alkoxysilanes similarly. To what, then, can one ascribe the changeover in

reactivity?
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Volume: 14389 A’ 16 532 A’ 12595 A’
Chart 1
The mechanism of acid-catalyzed hydrolysis of alkoxysilanes is affected by a variety of factors. In
acidic media, electron donating groups on either silicon or the alcohol carbon accelerate the rate of hydrolysis,
whereas in basic media, the rate is accelerated by electron withdrawing groups on cither silicon or the alcohol
o 102526 A ot o afFantad seilegm thoe Tt et fo Ln cac
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polar soivents and by soivents capabie of hydrogen bonding to the leaving group.m‘z" For example,
stereochemical studies of alkoxide/alkoxide exchange at silicon showed a dramatic crossover from retention to
inversion of configuration at silicon with increasing alcoholic content in the solvent, which was attributed to
two different mechanisms.”® A further important factor in the rate is the ease of coordination expansion.”

R "
OR" S .~ RS o -H Hig | u T
. o o ? Ao |
l. H I H?O H1| I-—- 3 ! I H1'o ?
R'wSi_ , == o Si S """S!'——R R'wSi_ I _gv,"$i-—F!3 I
R Rs 2, l R’ I R I, -
R? { 0. 2 PLONGRR. I
R? H H R H H
17 18 19 20
Scheme 2

Silicon atoms bearing electron-withdrawing groups are better able to undergo coordination expansion
As the intrinsic barrier to extracoordination will be a component of the rate of the reaction (from 18 — 19), the
relative ability of sisyl versus TBS groups to undergo extracoordination nee be sidered. While both
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alkyl groups and silyl groups are inductive electron donors, the trimethyisilyl groups on the sisyl group a
more efficient donors. This can be seen from the increased shielding in the Si NMR (Table 4). It is,
therefore, conceivable that the lower hydrolysis rate of sisyl than TBS ethers in CDCl; could be a manifestation
of a decreased facility for extracoordination. That is, while the steric barrier to hydrolysis of a sisyl group
appears to be lower from the data shown in Table 3, which should not be affected by solvent conditions, the
electronic barrier to a pentacoordinate intermediate or transition state is higher in solvents of low polarity
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sisyl groups can be predictably modified
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Table 4: ?Si Chemical shift values (3) of the central Si atom in ROSiR';

SiR'; R

CH,CH,Ph CH,Ph CsHy
Si(CHa),t-Bu 18.80 19.44 15.82
Si(Si(CH3)1)» 1.47 3.47 11.30
Photodeprotection: Polysilanes are known to undergo a variety of fragmentation reactions under photolysis
Denandine on the nature of the substituents®! and the structure of the comnound either the formation of
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cases subsequently iead to silenes or disilenes.

We described above the deprotection of sisyl ethers using photochemical irradiation at 254 nm in
CH,Cl; containing aqueous methanol. Previous work on the photolysis of alkoxypolysilanes is limited; we are
unaware of the utilization of polysilanes as a protecting group methodology. The elegant work of Gaspar has
shown that the sisyl ether of methanol 21 extrudes silylenes via two different regiochemical pathways, in a 2:1
ratio, as shown by trapping experiments with 1,3-butadiene (Scheme 3).** It seemed likely that the mechanism
of deprotection of the sisyl ethers under photolysis similarly occurred via silylene formation and subsequent
trapping by methanol to give 22 or extrusion of alkoxytrimethylsilanes 23 (Scheme 4).

otolyzed sisyl ethers 12 and §, respectively, usi
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was detected by GC/MS after photolysis of 1-[tris(trimethylsilyl)siloxy]jcyclopentane 5 in the presence of 2,3-
dimethyl-1,3-butadiene. Presumably, the cyclic products result from trapping of bis(trimethylsilyl)silylene 25
(Scheme 5) and silylene, 27, respectively (Scheme 6). In both experiments, only products from a single silylene
could be detected.

SiMe,
| Me;Siy_ /~
L ]
Me, Si .Sl\Ofv‘ue A LS ﬂ
SiMe SiMe, ] Meo” N\
[ v Z
Me,Si—Si_ _— + — 2:1
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SiMe, .
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<t Me,Si—Si TN ”
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It is not clear why the benzyl derivative preferentially underwent photocleavage via Path B (Scheme 4,
R = PhCH,) whereas the cyclopentyl derivative followed Path A (Scheme 4, R = CsHy). However, these
results are consistent, in the cyclopentyl case, with steric pressure in the transition state favouring Me;SiSiMe;
extrusion. Irrespective, the resulting products, silylene trapped by methanol 22 or alkoxytrimethylsilane 23,
will be more readily hydrolyzed than the respective starting materials for the steric reasons noted above

(Scheme 4).
SiMe, SiMe,
i i
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Scheme 6
CONCLUSION

Sisyl ethers are readily prepared from primary and secondary alcohols. These groups are stable to many
of the reaction conditions normally employed in organic synthesis as is the case for silyl ethers in general. The



protective nature of the sisyl group has its origins in reasonable resistance to hydrolysis on steric grounds.
Deprotection can be carried out readily by converting the sisyl ether to a hydrolytically more labile alkoxysilane
via photolysis, which can then regenerate the original alcohol under mild conditions.
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'H and °C NMR spectra were recorded on a Bruker AC-200 spectrometer with CDCl; as an internal
standard. *°Si NMR spectra were recorded on a Bruker AC-300 spectrometer (at 59.6 Hz). IR spectra were
recorded on a Biorad spectrometer. Electron impact (EI) and chemical ionization (CI, NH;) mass spectra were
recorded at 70 eV with a source temperaturc of 200 °C on a VG Instruments analytical ZAB-E mass
spectrometer equipped with a VG 11-250 data system.

Gas chromatographic (GC) analyses were carried out using a Hewlett-Packard 5890A gas
chromatography equipped with a conventional heated injector, a flame ionization detector, a Hewlett-Pa

2RATA intearatnr and a DR_-1 meaahnre canillarv enlimn (20m v N S4Amm Chramatnoran i
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Maooo ananten and FUOMAQ analuong wara rannrdad an a Haw/latt_Danlard SQONTIT gne ~rhramatacranh acninnas
IVIAID DPCALLA ALIU VL IVID Adlldiydld WUID ICLULUCU ULl a4 11ICWICLLI"T dVAadlu DO07VllL 5 (97 Ullldlusl l_)ll (;ququcu
with a HP-5971A mass selective detector and a DB-5 fused silica capillary column (30m x 0.25mm;

Chromatograph Speciaities, Inc.).

The starting alcohols were obtained from Aldrich and were used without further purification after
checking their purity using 'H NMR. DMAP was purchased from Aldrich and used without further
purification. CH,Cl, was distilled from P,Os. The reagents used to test the stability of the silyl ethers were
also purchased from Aldrich and used without further purification, Tris(trimethylsilyl)silyl chloride 1 was
prepared using the procedure reported by Biirger er al."

General Procedure for protection of the alcohol. To a stirring solution of the alcohol (1 mmol) and
4-dimethylaminopyridine (DMAP) (1.20 mmol) in CH,Cl, was added a solution of tris(trimethylsilyl)silyl
chloride (1 mmol) in CH,Cl, (1 M). The solution was stirred overnight at room temperature under N,. Water

was added and the aqueous laver was extracted with CH,ClL. The organi lavpr was dried over anhvdrnns

QUL Q10 LG ue 3 ALl WA AN 2D pL R Ly ) QYL

sodium sulfate, filtered and the solvent was removed under reduced pressure. Separation by flash
Ahenmataaranhyy anua tha nradnnts 3 QN_QNOL vinlda
VI VILL LUsl pll] 5 Yo Ui pxuuu\,m uxr OU=u /0 )’l\;lu-).
Aoy TR AL B FTa_ ' fa® L B . EN N D L i B 1 D AL M anniAl 1LY ey T MY smmean A1 TVAA AT F1 4™
J, /-Umetnyi- 1~ ins{trimetnyisuy1jsiyi) j- £,0-0Ctadicn- 1-o1 2n: UCranioi (161 mg, 1.uJ Mimoij}, UMAF (14/
mg, 1.20 mmol), CH,Cl, (1.0 mL), 1 (340 mg, 1.20 mmol) in CH,CL (1.0 mL). After chromatography, 296

mg (74%) of a clear oil 2b was obtaincd. 'H NMR (CDCl): § 5.22 (t, J=0.8 Hz, 1H), 5.07 (t, J=0.8 Hz, 1H),
4.03 (dd, J = 0.9, 5.11 Hz, 2H), 2.01 (m, 4H), 1.65 (s, 3H), 1.56 (d, J=0.9 Hz, 6H), 0.17 (s, 27H); *C NMR
(CDCh): & 136.3, 131.5, 125.0, 124.1, 65.1, 39.5, 26.4, 25.7, 17.7, 16.5, 0.3; Si NMR (CDCl): § 2.75, -



16.04; IR (neat, KBr): v 2958, 2896, 1443, 1380, 1250, 1061, 840, 756 cm™; MS (EL, m/z): 263 (Si(TMS),",
48); UV (hexane) Amax = 196 nm, €354 = 1007.

1-[ Tris(trimethylsilyl)silyl}ldecanol 3b: Decanol (158 mg, 1.00 mmol), DMAP (147 mg), CH,Cl; (1.0 mL), 1
(340 mg, 1.20 mmol) in CH;ChL (1.0 mL). After chromatography, 344 mg (85%) of a clear colorless oil 3b
was obtained. "H NMR (CDCL): 8 3.45 (t, J=6.6 Hz, 2H), 1.26 (m, 16H), 0.78 (t, J=13.3 Hz, 3H), 0.18 (s,
27H); °C NMR (CDCL): § 68.1, 33.2, 32.0, 29.8, 29.7, 29.6, 29.4, 25.9, 22.8, 14.2, 0.4; *Si NMR (CDCL): &
6.88, -16.21; IR (neat, KBr): v 2955, 2927, 2856, 1465, 1380, 1246, 1087, 837.9 cm; MS (EI, m/z): 415
(M*+1, 8), 389 (M"-CH,, 31), 263 (70), 73 (100); MS (C 5 (M*+1, 55), 264 (Si(TMS);* +
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NH;, 62), 156 (CH3(CH,)s*, 100); UV (hexane) Apa, = 199 nm, &

iNE3, ©2), 100 (U L), 1), 1) Agax = 1 nm, €354

2-[ Tris(trimethylsilyl)silyllJoctanol 4b; 2-Octanol (130 mg, 1.00 mmol), DMAP (14

ALY 1 1T N e TY 1 FAAN i T AN e A1) 2o LY ' 71 ) T ) Aftrna nlownsmant ~conealaz, DA e MO A
gL lp (1.VU 111L), Loau lllg, 1.44 HIHIUL) e (1.VU I ALCE O} I ldlUgl pll By 9 1 lg \1070} Q1
__.‘lA;‘_ ~ 1 AL Ao _LA'_!AA_J ll" RYR ATY /7M™ N\ S MmN 44 - 1T TN 1 "N s 41 MT TN A s 3 h g £ N TYY a3 & A% n 0 -
colorless o0il 4b was obtained. NM (LUL13) 0 3.44 (m, ll'l), 1.25 (m, 10H), 1.04 (d, J=6.0 Hz, 3H), 0.86
AT mTEv. i ~rrEye 139 AR iR (CD o p p p 29
0.17 (s, 27H); :

(t, J=7.9 Hz, 3H); .1 .
1()70 1044 836 3 cm
. MS (CI, NH;, m/z). 303 (M*—TMS, 2), 263 (M*—OS1(TMS)3, 100), MS (CI, NH;, m/z) 377 (M*+1, 100);
UV (hexane) Aga = 199 nm, €554 = 1825.

1-[ Tris(trimethylsilysilyl]cyclopentanol Sb: Cyclopentanol (0.12 mL, 1.3 mmol), DMAP (0.18 g, 1.6
mmol), CH,CL, (2.0 mL), 1 (0.38 g, 1.3 mmol). Purification by chromatography with eluent pentane yielded
0.33 g, 90% of a clear oil 5b. 'H NMR (CDCly) & 3.90 (m, 1H), 1.64 (m, 2H), 1.58 (m, 2H), 1.08 (m, 4H),
0.16 (s, 27H); °C NMR (CDCL): 8 78.9, 35.8, 36 0, 23.4, 23.3; Si NMR (CDCL): § -2.72, 11.30; IR (neat,

KBr): v 2952, 2895, 1439, 1246, 1060, 836 cm™; UV (hexane) ?‘tmax- 196 nm, &;54 = 1425; MS (EI, m/z): 263
20), 175 (30), 131 (35), 73 (100); MS (C1,
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white waxy solid 6b was obtained. 'H NMR (CDClL): &
1.82 (m, 2H), 1.20-1.60 ’m, iiH), 1.00-1.20 (m, 1iH), 0.96 (s, 3H), (
0.66 (s, 3H), 0.16 (s, 27TH); * CNMR (CDCly): 0 141, 121, 56.7, 56.1, 5()(
36.1, 35.7, 31.8, 31.7, 28.2, 27.9, 24.2, 23.8, 22.7, 22.5, 21.0, 193 18.6, 11.8, 03 "S1NMR (CDC13) 6-
1.91, -16.36; IR (ncat): v 2948, 2852, 1458, 1245, 1074 cm™; MS (EL; m/z): 499 (M*-1, 18), 369 (M*-
OSi(TMS)s, 100); UV (hexane) Amax = 198 nm, €254 = 1139.

1-[ Tris(trimethylsilyl)silyl]-2,2,2-trifluoroethanol 7b: 2,2,2-Trifluoroethanol (100 mg, 1.00 mmol), DMAP
(147 mg, 1.00 mmol), CH,C); (1.0 mL), 1 (2340 mg, 1.20 mmol) in CH,Cl, (1.0 mL). After chromatography,
335 mg (97%) of a clear colorless oil 7b was obtaincd. 'H NMR (CDCL): § 3.74 (q, J=8.6 Hz, 2H), 0.19 (s,
27H); PC NMR (CDCL): 8 66.0, 65.3, 0.0; *Si NMR (CDCL): § 11.32, -15.55; IR (neat, KBr): v 2953, 2896,
1247, 1158, R37.0 cm’! ; MS (CI, NHa., m/7): 264 (Si(TMS):" + NHa, 200, 90 {Me,Si™+NH,, 100); UV (hexane)
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1-[ Tris(trimethylsilyl)silyl]-2,2,2-trichloroethanol 9b: 2,2,2-Trichloroethanol (149 mg, 1.00 mmol), DMAP
(147 mg, 1.00 mmol), CH,CL, (1.0 mL), 1 (2340 mg, 1.20 mmol) in CH,Cl; (1.0 mL). After chromatography,
329 mg (83%) of a clear oil 9b was obtained. 'H NMR (CDCL): & 3.94 (s, 2H), 0.22 (s, 27H); C NMR
(CDCl): & 99.0, 80.1, 0.2; Si NMR (CDCL): 8 7.13, -16.60; IR (neat, KBr): v 2952, 2895, 1246, 1135,
836.2 cm™'; MS (CI, NH;, m/z): 264 (Si(TMS);*+NH;, 54), 90 (Me;Si*+NH3, 100); UV (hexane) Apax = 197
nm, €54 = 1057.

1-[Tris(trimethylsilyl)silyl]-2-phenylethanol 10b: 2-Phenyethanol (0.24 mL, 2.1 mmol), DMAP (0.29 g, 2.5
mmol), CH,Cl, (3.0 mL), 1 (0.61 g, 2.1 mmol). Purification by chromatography with eluent pentane:diethyl
ether = 9:1 \neld d 0.50 g, B0% of a clear oil 10bh 'H NMR (CDCL)

g clear oil 10b. ME CL): § 7.27 (m, 5H), 3.74 (t, J=6.9 Hz, 2H),
2.85 (1, J=6.9 Hz, 2H), 0.24 (s, 27H); °C NMR (CDCk): § 139.0, 129.0, 128.0, 126.0, 69.0, 39.8, 0.3; Si
NMR (CDCl): 8 1.47, -16.55; IR (neat, KBr): v 3029, 2950, 2893, 1396, 1376, 1245, 1088, 1078, 836.9 cm’™;
TTIVW IL.-...,...,\ —_ g 7. RAC /7 PNy ke d 1) 1L 10NN\ 171 71&\ 1TNE r1NNN\ 71D 7LNN\. A AOD
UV (NICXAIIC ) Amax = Iy VIS (I D (19), L/0 (1U), 121 (10), 1UD (1UU), /3 (DU); IVLD

(147 mg, 1.20 mmol), CH,Cl, (1.0 mL), 1 (340 mg, 1.20 mmol) in CH,ClL, (1.0 mL). After chromatography,
326 mg (81%) of a clear oil 11b was obtained. 'H NMR (CDCL): § 5.07 (dt, J=11.5, 2.68 Hz, 1H), 3.50 (1,
J=13.3, 2H), 1.95 (m, 1H), 1.66 (s, 3H), 1.58 (s, 3H), 1.50-1.65 (m, 1H), 1.25-1.45 (m, 1H), 0.87 (d, }=13.0,
3H), 0.23 (s, 27H); °C NMR (CDCL): § 130.9, 125.0, 66.4, 40.2, 37.4, 29.4, 25.8, 25.6, 19.6, 17.7, 0.4; *°Si
NMR (CDChL): 8 0.67, -16.2; IR (neat, KBr): v 2955, 2896, 2857, 1450, 1379, 1246, 1076, 840.0 cm™; MS
(CL, NHj, m/z): 419 (M* + NH,, 37), 264 (Si(TMS);*+NHs, 100%); UV (hexane) Ama = 196 nm, €554 = 1521.

1-[Tris(trimethylsilyl)silyl]benzyl alcohol 12: Benzyl alcohol (0.85 mL, 8.1 mmol), DMAP (1.33 g, 10.9
mrnol) CHCL (8.0 mL) 1 (2.29 g, 8.1 mmol). Purification by chromatography with eluent petroleum
'H NMR (CDCL): 8 7.26 (m, 5H), 4.59 (s

3
E
g 3
&
a.
=
=3
Lan ]
O
Iy
Q

1-(t-Butyldimethyls1lyl)-2-phenylethanol 13: 2-Phenylethanol (1.5 mL, 12.5 mmol), DMAP (1.84 g, 15.0
mmol), CH,Cl, (13.0 mL), #-butylchlorodimethylsilane (1.88 g, 12.5 mmol). Purification by chromatography
with eluent pentane:diethyl ether = 19:1 yielded 2.6 g, 88% of a clear oil. "H NMR (CDCly): 8 7.20 (m, 5H),
3.78 (t, J=7.1 Hz, 2H), 2.80 (t, J=7.1 Hz, 2H), 0.85 (s, 9H), -0.03 (s, 6H); "°C NMR (CDCly): & 139.2, 129.2,
128.20, 126.1, 64.6, 39.7, 25.9, 18.3, -5.4; *Si NMR (CDCls) 8(ppm): 18.80; IR (neat, cm™): 3023, 2953,
2930, 2854, 1474, 1254, 1102, 827, 781, 692; MS (EI, m/z): 221 (10), 179 (100), 161 (25), 105 (50), 75 (25);
MS (CI, NH,, m/z) 254 (35), 237 (100), 196 (35), 179 (15), 122 (15), 105 (15); HRMS (m/z): calcd for
iy (M" - CH,): 221.1361, found: 221.1361.

1
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(EIL, m/z): 165 (100), 135 (40), 91 (45); MS (CI, NH;, mv/z): 240 (75), 223 (15), 182 (15), 108 (100), 91 (20);
HRMS (nv/z): calcd for Cy3H,,81,0; (M™): 222.1439, found: 222.1429.

1-(-Butyldimethyisllyl)cyclopentanol 15: Cyclopentanol (1.6 mL, 17.6 mmol), DMAP (2.58 g, 21.1 mmol),
CH,Cl, (18.0 mL), r-butylchlorodimethylsilane (2.65 g, 17.6 mmol). Purification by chromatography with
eluent pentane yielded 2.61 g, 75% of a clear oil. '"H NMR (CDCls) & (ppm): 4.20 (m, 1H), 1.66 (m, 4H), 1.47
(m, 4H), 0.85 (s, 9H), 0.01 (s, 6H); °C NMR (CDCl;) 8 (ppm): 74.4, 35.7, 25.9, 23.1, 18.2, -4.7; Si NMR
(CDCL) & (ppm): 15.82; IR (neat, cm™): 2951, 2930, 2855, 1468, 1252, 1060, 832, 775; MS (EI, m/z): 185
(5), 143 (50), 75 (100), 59 (10), 43 (15); MS (CI, NH;, m/z): 201 (100), 162 (20), 133 (35), 92 (55), 74 (15);
HRMS (m/z): calcd for C,oH2,0,Si; (M* - CH;): 185.1361, found: 185.1361.

Stability Tests

The sisyl ether, 6b, was subjected to the conditions listed below. The progress of the reaction was monitored
by TLC. After a set time (see procedures) the organic layer was separated, dried over anhydrous sodium
sulfate and removed under reduced pressure. The crude product was shown by '"H NMR to be unmodified
starting material.

Treatment with Organometallic Reagents: A) To a solution of 6b (50 mg, 0.08 mmol) in distilled THF (5.0
mL) at -78 °C was added 3.0 M MeMgBr (0.04 mL, 0.12 mmol). The solution was warmed to room

(=4 \

temperature and acetone (5.0 mL) was added, forming the alkoxide, The reaction was quenched by the
addition of H,O (2.5 mL), the organic phase separated, dried and evaporated to give recovered 6b in 100%
yield (50 mg)

T\ MM & anlhatine ~AFf et nmelomble nnmle e e Tnwnanidn &7 wae N 1L cmmamn s\ s TII 76N TN e N0 o 1.1~
D) 10 4 dUIUULIL VI UIPHCHYIPpHOSPHUINULLL DIVIINUC O/ HIE, V.10 1INVl 1 10r (O.uU IHIL) dL U U wdS audcd
1.6 M n-BuLi (0.10 mL, 0.16 mmoi). The mixture was stirred for 0.5 h and 6b (50 mg, 0.08 mmoi) in THF

(1.0 mL) was added. The solution was warmed to room temperature and stirring continued for 4 h. The
reaction was quenched by the addition of H,O (2.5 mL), the organic phase separated, dricd and evaporated to
give recovered 6b (50 mg, 88%).

Oxidation: Compound 6b (50 mg, 0.08 mmol) in acetonc (5.0 mL) was cooled to 0 °C and a solution of Jones
reagent was added maintaining the reaction temperature below 15 °C. Once the addition was complete, stirring
continued at room temperature for four h. The organic phase was separated, dried and evaporated to yield 50
mg (100%) of 6b.

Deprotection

Fluorination reactions: The fluoride source was dissolved in a solvent to which 6b was added. The mixturc

was stirred, the organic phase was separated, dried and evaporated.

A) 6b (50 mg, 0.08 mmol) in benzene (0.5 mL); 18-Crown-6 (21 mg, 0.08 mmol); benzene (2.0 mL); oven-
dried KF (10 mg, 0.16 mmol); 0.5 h; stirred overnight at room temperature. Quantitative recovery of 6b.

B) 6b (50 mg, 0.08 mmol); TBAF (42 mg, 0.16 mmol); THF (5.0 mL) at 0 °C; then warmed to room
temperature and stirred for 5 h; 6a, was recovered in a 100% yield (32 mg).

C) 6b (50 mg, 0.08 mmol); CsF (27 mg, 0.16 mmol); THF (5.0 mL); room temperature overnight,

Quantitative recovery of 6b.



Reduction: To a solution of 6b (50 mg, 0.08 mmol) in anhydrous diethyl ether (4.0 mL) at 0 °C was added
LiAlH, (4.6 mg, 0.12 mmol). The reaction continued to stir at 0 °C for 2.5 h and was quenched by the addition
of H,O (2.0 mL). A mixture of products, including the unprotected akcohol, 6a was obtained.

Organic Base: To a solution of 6b (50 mg, 0.08 mmol) in THF (2.0 mL) at -78 °C was added 2.0 M n-BuLi
(0.06 mL, 0.12 mmol). The reaction was stirred for one h at room temperature and quenched with H,O (1.0
mL). A mixture of products, including the unprotected alcohol, 6a was obtained.

PSRl | == TR e nnd a4l __ L _

General Procedure - Deprotection by Photolysis

A 0.1 M solution of the protected alcohol in methylene chloride with methanol was irradiated at 254 nm in a
quartz cell for 30 min. and monitored by TLC until the reaction was complete. The solvent was removed under
reduced pressure and the alcohol purified by flash chromatography.

2b: 3,7-Dimethyl- 1-[tris(trimethylsilyl)silyl]-2,6-octadien-1-0l (52 mg, 0.13 mmol), MeOH (5 mL, (.183
mmol), CH.Cl; (1.3 mL); vield 18 mg (90%) of 2a.

3b: 1-[Tris(trimethylsilyDsilyl]decanol (54 mg, 0.13 mmol), MeOH (5 mL, 0.13 mmol), CH,Cl, (1.3 mL); yield

mL), yield 16 mg (88%) of 5a.

6b: Tris(trimethylsilyl)silylcholesterol (50 mg, 0.08 mmol), MeOH (3 mL, 0.08 mmol), CH,Cl, (8.0 mL), yield
27 mg (87%) of 6a.

7b: 1-[Tris(trimethylsilyl)silyl]-2,2,2-trifluoroethanol (54 mg, (.16 mmol), MeOH (6 mL, 0.16 mmol), CH,Cl,
(1.6 mL), yield 10 mg (62%) of 7a.

8b: 1-[Tris(trimethylsilyl)silyl]-2-chloroethanol (60 mg, 0.18 mmol), MeOH (7 mL, 01,8 mmol), CH,Cl, (1.8
mL), yield 13 mg (90%) of 8a.

9b: 1-[Tris(trimethylsilyl)silyl]-2,2,2-trichloroethanol (60 mg, 0.15 mmol), MeOH (6 mL, 0.15 mmol), CH,Cl,
(1.5 mL), vield 20 mg (89%) of 9a.

10b: 1-[Tris( ethylsilyl)silyl]-2-phenylethanol (S0 mg

mL), yield 1 4 82%) of 10a.
110, 2 7 Miawnathl 1 FMcaltrdmmnthololeNails]l £ Antan 1T AT &N ey N 1) sy RAAMLY /& (aT N 19 ;a1
LI, O, /-L7UN Lllyl‘l'lll L oL lb].l_yl} l.lylj‘U‘UbL 1=1-Ul \JU llig, U.14 1111VUl), IVICUI1 \V 1L, U. 14 1111 ),
NTY JII‘!,,,;I[\ICﬂ\ P I
CH,Cl, (1.2 mL), yield i7 mg (91%) of 1ia

General Procedure for acidic hydroylsis

In aqueous media: To an NMR tube containing the silyl ether (0.076 mmol) under N, at 25 °C was added
THF ds (0.26 mL), D,0 (0.12 mL), and CD-CO,D (0.38 mL), to make a 0.1M solution of silyl ether. The 'H
NMR spectra were acquired initially within 2 minutes of addition of CD:CQO.,D, and subsequently every 10

minutac
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Silylene Trapping Experiments

A mixture of protected alcohol (1 mmol) and 2,3-dimethyl-1,3-butadiene (10 mmol) in hexane (10 mL)
was placed in a quartz photolysis tube. N, gas was bubbled through the mixture for 10 minutes before
irradiation. The mixture was irradiated for an hour with an array of low-pressure mercury lamps (5-9 lamps) in
a Rayonet photochemical reactor at 254 nm. The progress of the reaction was monitored by GC/MS.

The photolysis of 12, to 95% conversion, in the presence of 2,3-dimethyl-1,3-butadiene led to two
major and two minor products. The major products were identified by their mass spectral data:
benzyloxytrimethylsilane (23%, % refers to GC area%) (m/z) 180 (4), 165 (81), 135 (55), 91 (100), 73 (13);

AR LII VINIAAIIL L&D TLICdy L I ditd VML) LOU 102 R01/, 122 VA 7y 21 EAEAVS

and 25 (33%) (m/z): 256 (M", 24), 183 (M*-TMS, 55), 167 (20), 155 (20), 141 (22), 123 (27), 109 (21), 73
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formation of two major producms Me;SiSiMe; (20%) and 27 (68 7) and onc unidentified minor product. The

identity of MesSiSiMes; was shown by comparison with an authentic sample and 27 by its mass spectral data:

(m/z): 268 (M", 3), 199 (72), 171 (30), 157 (82), 117 (100), 109 (15), 73 (93).

REFERENCES

Current address: Department of Chemistry, Lakehead University, 955 Oliver Rd., Thunder Bay, Ontario,
P7B 5El, Canada.

2 (a) Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, Wiley: New York, 1991. (b)
Kocienski, P. J. Protecting Groups, Thieme Verlag: Stuttgart, 1994. (c) Jarowicki, K.; Kocienski, P.
Contemp. Org. Synth. 1995, 315. (d) van Look, G.; Simchen, G.; Heberle, J. Silylating Agents, Fluka:
Buchs, Switzerland, 1995.

A~ YIta.o ATAu.,
ZuS., W].le INCW

Stork, G.; Hudrlik, P. F. J. Am. C em. Soc. 1968, 90, 4462 and 4-464.
7 Corey, E. I; Venkateswarlu A. J. Am. Chem. Soc. 1972, 94, 6190.
Hanessian, S.; Lavallee, P. Can. J. Chem. 1975, 53, 2975.
Ogilvie, K. K.; Theriault, N. Y.; Sandana, K. L. J. Am. Chem. Soc. 1977, 99, T741.
Sommer, L. H. Stereochemistry, Mechanism, and Silicon, McGraw-Hill Book Co., Inc., New York,
1965.
' pirrung, M. C.; Lee, Y. R. J. Org. Chem. 1993, 58, 6961.
12 Brook M. A.; Gottardo, C.; Balduzzi, S.; Mohamed, M. Tetrahedron Lett. 1997, 38, 6997.
3 Biirger, H.; Kilian, W.; Burczyk, K. J. Organomet. Chem. 1970, 21, 291.
4 Corey, E. J.; Cho, H.; Riicker, C.; Hua, D.H. Tetrahedron Lett. 1981, 22, 3455.
5 Still, W. C. J. Org. Chem. 1976, 41, 3062.
16 Product stability determined by TLC and 'H NMR. All spectra matched the spectra of the silyl protected

alcohol.

[

-

10



20
21

22

23
24
25
26
27
28

29

LI
(=]

3

32

33

34

35

36

37

38
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