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An efficient and chemoselective deprotection protocol for
aryl silyl ethers using LiOAc as a bifunctional Lewis
acid—Lewis base catalyst was described. Acetates, epoxides,
and aliphatic silyl ethers were preserved, whereas aryl TBS
and TBDPS ethers can be differentiated.

Trialkylsilyls are popular protective groups for both alcoholic
and phenolic hydroxyls." Take fert-butyl-dimethylsilyl (TBS)
as an example; since its introduction by Corey,” it has been
one of the most widely used protective groups in modern organic
synthesis. The cleavage of alkyl TBS ethers has been extensively
investigated, leading to a wide array of deprotection methods."'
In contrast, there are relatively fewer options available for the
removal of phenolic TBS protections.'” The latter usually
required more than stoichiomeric amounts of fluoride sources
(TBAF,”* KF/18-C-6,* KF/ALO5*%), acids (HF,”*" CSA™)
or strong bases (alkoxides,® ¢ carbonates® ). Recently, some
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milder protocols have appeared, utilizing TMG,”* N-oxide,”®
and DMSO—H,0.” Because many biologically significant
natural products such as vancomycin,® novobiocin,” and phenolic
glycoconjugates'® possess both phenol and alcohol functions,
selective removal of phenolic TBS protection in the presence
of aliphatic TBS ether (“aryl selectivity”) is of great value to
total synthesis and medicinal chemistry.®'' To this end, the
difference in the electronic nature of alkyl and aryl groups was
to be exploited, for phenols are better leaving groups than
alcohols, and thus aryl silyl ethers are more liable to base
hydrolysis.** Although this approach worked nicely in many
cases, it involved prolonged exposure to excess basic reagents,
which is apparently less desirable in multistep synthesis. Second,
a closer examination revealed that catalytic procedure for the
removal of phenolic silyl protection is uncommon, except one
system using silica-gel-supported phosphomolybdic acid'? and
another using PdCl,(MeCN),."* Unfortunately, both preferen-
tially attack aliphatic TBS ethers, and the latter also removes
acetonide at room temperature.'* A substoichiomeric amount
(0.2—0.4 equiv) of Verkade’s azaphosphatrane also removes
TBS protection from phenols; however, the “superbase” pro-
moter is reactive toward many functional groups including
alkenes."® Third, it should be noted that good chemoselectivity
between two different aryl silyl ethers is not easy to achieve,
whereas such protections for alcohols are readily differentiated.’
For example, there are only two reports of preferential cleavage
of phenolic TBS protection over TBDPS,**'® although the steric
bulk and acid/base stability of the two silyls are considerably
varied. Herein we describe a highly efficient protocol using
LiOAc as the catalyst to address all the aforementioned issues.

Since alkali hydroxides and carbonates are known to cleave
aryl TBS ethers in a number of solvents,® we turned our attention
to weaker bases in order to achieve deprotection under milder
conditions with better chemoselectivity. The TBS ether of 4-tert-
butylphenol was chosen as a benchmark substrate, for it reflected
the true relative activity of the catalysts, while substrates bearing
strong electron-withdrawing groups (EWGs) were too labile and
thus exhibited a “leveling effect” for catalyst activity. We
screened several acetates as the catalyst, and to our delight,
LiOAc stood out as the most effective (Table 1).'” Interestingly,
the catalytic activity decreased rapidly when the cation went

(8) Evans, D. A.; Dinsmore, C. J.; Ratz, A. M.; Evrard, D. A.; Barrow, J. C.
J. Am. Chem. Soc. 1997, 119, 3417.

(9) (a) Blagosklonny, M. V. Leukemia 2002, 16, 455. For novel novobiocin
analogs and SAR studies, see: (b) Burlison, J. A.; Neckers, L.; Smith, A. B.;
Maxwell, A.; Blagg, B. S. J. J. Am. Chem. Soc. 2006, 128, 15529. (c) Yu, X. M.;
Shen, G.; Neckers, L.; Blake, H.; Holzbeierlein, J.; Cronk, B.; Blagg, B. S. J.
J. Am. Chem. Soc. 2005, 127, 12778.

(10) Glycoscience: Chemistry and Chemical Biology III; Fraser-Reid, B. O.,
Tatsuta, K., Thiem, J., Eds.; Springer: Berlin, 2001.

(11) Deprotection protocols with the opposite “alkyl selectivity” are more
abundant, for representative recent examples; see: (a) Khan, A. T.; Ghosh, S.;
Choudhury, L. H. Eur. J. Org. Chem. 2004, 2198. (b) Shah, S. T. A.; Giury,
P. J. Org. Biomol. Chem. 2008, 6, 2168. (c) Oriyama, T.; Kobayashi, Y.; Noda,
K. Synlert 1998, 1047. (d) Lipshutz, B. H.; Keith, J. Tetrahedron Lett. 1998, 39,
2495.

(12) Kumar, G. D. K.; Baskaran, S. J. Org. Chem. 2005, 70, 4520.

(13) Wilson, N. S.; Keay, B. A. Tetrahedron Lett. 1996, 37, 153.

(14) Lipshutz, B. H.; Pollart, D.; Monforte, J.; Kotsuki, H. Tetrahedron Lett.
1985, 26, 705.

(15) Yu, Z.; Verkade, J. G. J. Org. Chem. 2000, 65, 2065.

(16) Ito, H.; Knebelkamp, A.; Lundmark, S. B.; Nguyen, C. V.; Hinsberg,
W. D. J. Polym. Sci. A: Polym. Chem. 2000, 38, 2415.

J. Org. Chem. 2009, 74, 1781-1784 1781



JOCNote

TABLE 1. Optimization of Reaction Conditions®
OSiRy catalyst OH
solvent, temp.
1a-c 2a
entry SiR; catalyst (mol %) solvent temp (°C) time (h) conversion (%) 2a (%)®

1 TBS (a) LiOAc-2H,0 (20) DMF—H,0 (50:1) 70 6 100 98
2 TBS (a) NaOAc (20) DMF—H,0 (50:1) 70 8 35 33
3 TBS (a) KOAc (20) DMF—H,0 (50:1) 70 2 trace nd
4 TBS (a) LiCl (200) DMF—H,0 (50:1) 70 8 0

5 TBS (a) LiOAc+2H,0 (20) THF—H,0 (50:1) 70 8 0

6 TBS (a) LiOAc+2H,0 (20) MeCN—H,0 (50:1) 70 8 0

7 TBS (a) LiOAc+2H,0 (20) EtOH—H,0 (10:1) 70 8 trace nd
8 TBS (a) LiOAc (20) DMF*¢ 70 8 20 20
9 TBS (a) LiOAc (120) DMF*¢ 70 2 100 96
10 TBS (a) LiOAc+2H,0 (200) DMF—H,0 (50:1) 25 8 10 10
11 TBS (a) LiOAc+2H,0 (5) DMF—H,0 (50:1) 70 18 100 94
12 TBS (a) none DMSO—H,0 (5:1) 90 8 0 d
13 TBDPS (b) LiOAc-2H,0 (20) DMF—H,0 (50:1) 70 15 100 97
14 TES (c¢) LiOAc+2H,0 (20) DMF—H,0 (50:1) 25 4 100 99

“ All reactions run on 0.5—1.0 mmol scale. ? Isolated yields. © Anhydrous solvent. “ No reaction when 20 mol % catalyst was added.

from Li* to K*. On the other hand, neutral lithium salts such
as LiCl and LiBr'® were inactive, even when used in excess.
The solvent effect was then investigated, and DMF proved to
be the only choice. In addition, an adequate amount of water
was essential for catalyst regeneration to maintain the catalytic
cycle; otherwise a stoichiomeric amount of LiOAc is necessary
(entries 8 and 9). This allowed the use of inexpensive LiOAc
dihydrate as the catalyst, and no special care (drying and
redistillation) is necessary with regard to the solvent. For
electron-rich substrates, the deprotection was usually carried out
at 70 °C; at room temperature the reaction of 1a was sluggish.
On the other hand, substrates activated with electron-withdraw-
ing substitutions were readily deprotected at room temperature
(vide infra). The loading of LiOAc could be lowered to 5 mol
% without adverse effects, indicating it is a truly catalytic
process. In comparison, it needs to be pointed out that
DMSO—H,0 failed to deprotect 1a under literature conditions.”
For other representative aryl silyl ethers, we were pleased that
our protocol could be extended to TBDPS and TES derivatives
as well, and the reaction of the latter proceeded smoothly at rt.

Having established the standard conditions, the scope of this
protocol was examined (Table 2). For TBS ethers derived from
electron-rich or highly hindered phenols, the deprotection was
complete within 2—24 h under heating (entries 1—6). Free amino
group did not pose difficulty for the reaction (entry 2), and acid-
sensitive N-Boc protection was preserved (entry 3). The highly
hindered bis-TBS ether of 2,2'-biphenol (1i) was also smoothly
cleaved. Notably, monosubstituted terminal epoxide was toler-
ated as well (entry 14). The deblocking of substrates bearing
halogen or EWG susbtitutions can be carried out efficiently at
room temperature to give excellent yields (entries 7—13).
Meanwhile, TBS protections for heterocyclic substrates as well
as enols were also cleanly removed under mild conditions
(entries 15 and 16). Compared to protocols using stronger bases,’
our method is remarkably efficient and mild.
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TABLE 2. LiOAc-Catalyzed Deprotection of Aryl TBS Ethers®
entry TBS cthers (1) T (°C) t (h) 2 (%)
1 4-MeOCH,OTBS (1d) 70 8 92
2 4-H,NCH,OTBS (1e) 70 24 87
3 4-BoeNHCH.OTBS (1f) 70 8 98
4 2,4,6-Me;CH,OTBS (1g) 70 24 90
5 2,6-CLLCH;OTBS (1h) 70 3 94
6 (2-TBSOC H,), (1i) 70 6 92
7 4-BrC,H,OTBS (1j) 25 10 93
8 2-0,NCHOTBS (1k) 25 15 98
9 2-OHCCH,OTBS (11 25 4 91
10 3-OHCCH,OTBS (1m) 25 8 96
1 4-OHCC(H,OTBS (1n) 25 3 95
12 2-AcCH.OTBS (10) 25 4 91
13 3-AcCHLOTBS (1p) 25 7 99

O OTBS
4, V( ©/ 25 1 93
OTBS (1(1)
15 (\/f 25 25 90
N (1r)
o]
16 fioTBs 25 8 90
||
0 (1s)

“All reactions run on 0.5—1.0 mmol scale using 5—10 mol %
catalyst unless stated otherwise. “Isolated yields. <30 mol %
LiOAc+2H,0. “20 mol % LiOAc+2H,0.

The issue of chemoselectivity between TBS and common
protective groups for hydroxyl was next investigated as shown
in Table 3. It was found that TBS-protected primary, secondary,
benzylic, and allylic alcohols were completely inert under the
present protocol (Table 3, entries 1—3). Furthermore, acetates
of phenol and benzylic alcohol were also well-preserved (Table
3, entries 4—7). This is particularly noteworthy since phenol
acetates are highly base-sensitive and thus cannot survive strong
bases such as LiOH or even alkali carbonates in alcoholic



TABLE 3. Chemoselective Deprotection of Aryl Silyl Ethers®

cntry Aryl silyl cthers (1) T (°C) t(h) 2 (%)

QTBS
| TBSOV@ \ » 70 2 98
OTBS
2 TBSOp N 70 2 98
(1w)

OTBS
3 TBSOV\/@ \ , 7 25 9
AcQ OTBS
4 \O/ 70 2 94
(1w)
OTBS
5 AcO/\©/ 70 1.5 96
(1x)
AcO OTBDPS
6 \©/ 70 4 91
(1y)
OTBDPS
7 Aco/\©/ 70 5 92
(1z)
OTBS
8 /©/ \ 35 48 91
TBDPSO (1aa)
TBDPSO OTBS
9 \©/ X 35 2% 82
(1ab)
OTBDPS
10 rssoﬁ N 70 8 90
(lac)
, CTBDPS
1 TBDPSOp N 70 48 90
3

(lad)

OTBS
124 TESO/\©/ \ 25 16 86
(lae)

“All reactions run on 0.5—1.0 mmol scale using 5—10 mol %

LiOAc-2H,0 wunless noted otherwise, arrows indicate site of

deprotection for substrates with two silyl groups. ” Isolated yields. ¢ Plus
14% TBDPS-deprotected byproduct. ¢ 40 mol % LiOAc-2H,0.

solvents.'? Third, it was interesting to note that in the presence
of aryl TBDPS ether, TBS protection was preferentially removed
with good to excellent selectivity (Table 3, entries 8 and 9),
despite the fact that in general O-TBDPS is intrinsically more
susceptible to base-induced hydrolysis than O-TBS.>° The
selectivity concerning phenolic TBDPS and alcoholic silyl ethers
was also investigated (Table 3, entries 10—12). As expected,
the former was cleaved exclusively in the presence of the TBS
ether of a primary alcohol (1ac). In addition, whereas there was
only a single previous report of selective removal of phenolic
TBDPS ether without affecting aliphatic TBDPS ether,”® this
was also achieved using the present protocol (Table 3, entry
11). More significantly, we have demonstrated that selective
deprotection of phenolic TBS ether in the presence of primary
aliphatic TES ether was feasible at room temperature (Table 3,
entry 12), whereas at elevated temperature (70 °C) global
deprotection was achieved. To our knowledge, such chemose-
lectivity is unprecedented and highly desirable.
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SCHEME 1. Competition and Cross-over Experiments
OTBS 0TBS 0TBS
10 mol% LiOAc
DMF- HZO (50:1)
70°C
1a
95% recovered
oTBS OH oTBS
(©/ 10 molt% LioAG (©/
DMF-H,0 (50:1)
OTBS 70°C
1t
0.5 mmol 1.5 mmol 98%  recovered detected

To ascertain that the retaining of alkyl silyl ethers was not
the result of possible silyl exchange or migration,”’ an inter-
molecular competition experiment and a cross-over experiment
were carried out (Scheme 1). In an equimolar mixture of la
and benzyl TBS ether, only the former underwent deprotection,
while the latter was fully recovered. On the other hand, when
the deprotection of compound 1t was conducted in the presence
of excess benzyl alcohol, the absence of benzyl TBS ether
excluded the possibility of silyl redistribution.

The counter-intuitive trend of catalyst activity within the series
of acetates suggests that the mechanism of our deprotection
protocol is not simply Lewis base induced hydrolysis analogous
to that of aldol and related reactions of TMS enol ethers.'”
Unlike HO™ or CO;*", the nucleophilicity of AcO~ itself is
probably too weak to effect direct attack of the bulky TBS to
form hypervalent silicon species, whereas for the least hindered
TMS, direct attack is viable.”> Moreover, for the bulky TBS
and TBDPS, further coordination of a neutral DMF molecule
to the pentavalent silicon intermediates to form hexa-coordinated
species seems unfavorable. Since LiT alone is ineffective,
therefore both acetoxy anion (a Lewis base) and lithium cation
(a Lewis acid) are essential to the desilylation. Presumably, the
role of the latter is to coordinate with the phenolic oxygen with
a 2-fold effect: first, it assists the cleavage of ArO-Si bond as
the leaving of LiOAr is thermodynamically more favorable than
that of a free phenoxide anion. This is confirmed by the fact
that LiOAr cannot be silylated by TBSOAc (Table 1, entry 9),
so the deprotection is irreversible even in neat anhydrous
DMF.* Second, such coordination helps to bring the acetoxy
anion to the proximity of the silyl, and the reaction is likely to
proceed via a six-membered cyclic transition state** by a dual-
activation mechanism (Figure 1). Thus, LiOAc represents a
simple yet effective example of the concept of Lewis acid—Lewis
base bifunctional catalysis.>> The catalytic cycle was completed
by facile hydrolysis of the resulting LiOAr and TBSOAc,

(21) Phenol to alcohol silyl migration: (a) Ku, T.-Y.; Grieme, T.; Raje, P.;
Sharma, P.; King, S. A.; Morton, H. E. J. Am. Chem. Soc. 2002, 124, 4282. For
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Inazu, T. Chem. Lett. 1993, 22, 1807. Informative qualitative comparison of
acid/base stability of silyl ethers can also be found in ref 1, pp 166.
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FIGURE 1. Catalytic cycle and plausible transition state.

followed by neutralization of LiOH and HOAc to regenerate
LiOAc. The observed chemoselectivity in our protocol can also
be rationalized by the above hypothesis. For aryl TBDPS ethers,
the bulky phenyl substituents shielded the phenolic oxygen and
the Si center so that both the O—Li and O—Si coordination
(dashed lines in TS) was relatively weaker, resulting in lower
reaction rate. Moreover, TBDPSOAC is appeciably more stable
than its TBS analog, and thus its hydrolysis is slower and may
also be part of the rate-limiting step.?® The stability of alkyl
silyl ethers could be attributed to thermodynamic reasons.>
In summary, we have developed an efficient and mild protocol
for the selective removal of phenolic silyl protections using
catalytic amount of LiOAc under near-neutral conditions. It
displayed a wide substrate scope, consistently high yields,
desirable functional group compatibility, and remarkable chemose-
lectivity between different silyl protections. Particularly, using
this protocol, aryl silyl protections can be orthogonally removed
in the presence of alkyl silyl ethers, acetates, carbamates, and
epoxides. Operational simplicity and economy are additional
benefits. A six-membered transition state wherein LiOAc serves

(26) TBDPS can be used to protect carboxylic acids: Schmidt, U.; Neumann,
K.; Schumacher, A.; Weinbrenner, S. Angew. Chem., Int. Ed. Engl. 1997, 36,
1110.
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as a Lewis acid—Lewis base bifunctional catalyst was proposed
to rationalize the efficiency and selectivity. Our protocol
complements existing desilylation methods, and we believe it
would find wide applications in the synthesis of complex
molecules.

Experimental Section

General Procedure. To a solution of aryl silyl ether (1.0 mmol)
in DMF—H,O (50:1, 5.0 mL) under argon was added LiOAc
dihydrate (10.2 mg, 0.10 mmol, 10 mol %), and the solution was
stirred at 25—70 °C until all the starting material has been
consumed. The mixture was cooled to room temperature, diluted
with ether, washed twice with brine, dried (Na,SQ,), filtered, and
concentrated under reduced pressure. The residue was purified by
silica gel flash column chromatography.

(E)-4-(3-(tert-Butyldimethylsilyloxy)prop-1-enyl)phenol (2v).
"H NMR (CDCl;) 6 7.26 (d, 2H, J = 8.7 Hz), 6.78 (d, 2H, J = 8.7
Hz), 6.51 (d, 1H, J = 15.6 Hz), 6.13 (dt, 1H, J = 15.6, 4.8 Hz),
4.96 (br s, 1H), 4.33 (d, 2H, J = 4.8 Hz), 0.94 (s, 9H), 0.11 (s, 6H);
BC NMR (CDCls) 6 155.0, 130.0, 129.2, 127.7, 126.9, 115.4, 64.1,
26.0, 18.5, —5.1; HR-MS m/z calcd for C;5sH,40,Si1 264.1546, found
264.1552.
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