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Abstract: A widevariety of tert-butyldimethylsilyl (TBS) ethersas
well as tert-butyldiphenylsilyl (TBDPS) ethers 1 can be easily
deprotected to the corresponding parent hydroxyl compounds 2 by
employing catalytic amounts of acetyl chloride in dry MeOH at
0 °C to room temperature in good yields. Some of the major advan-
teges are mild conditions, high efficiency, high selectivity, high
yields, easy operation, and also compatibility with other protecting
groups. Furthermore, no acetylation nor chlorination takes place un-
der the experimental conditions.

Key words: deprotection, tert-butyldimethylsilyl (TBS) ethers,
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Protection-deprotection strategy is avery common tactics
in polyfunctional natural product and non-natural product
syntheses. As far as hydroxyl group protection is con-
cerned, silyl ethers play a pivotal role in carbohydrate
and nucleoside chemistry dueto their easy installation and
inherent stability under basic and mild acidic conditions,
with tert-butyldimethylsilyl (TBS) ether! and tert-butyl-
diphenylsilyl (TBDPS) ether? being two of the most im-
portant examples. Though awide variety of reagents have
been developed® for their removal, till there is a need to
devel op better alternatives, which might work under mild
conditions. For this purpose, a variety of fluoro
compounds* have been developed over the yearsin order
to facilitate such deprotection. Similarly, deprotection of
TBS ethers are also known using various bromo com-
pounds.® Likewise, some methods have also been devised
by employing chloro compounds for their cleavage such
as cerium(I11) chloride in combination with sodium io-
dide,%a cerium(I11) chloride,® LiCl in DMF,% and TMSCI
in H,0.% Moreover, a few methods are also reported re-
cently by using TMSOTf,’® Sn(OTf);,™ 1,,© Oxone in
agueous methanol,’® and DDQ.” Unfortunately, some of
the methods mentioned as above have some drawbacks
such as harsh reaction conditions, failure to deprotect aryl
tert-butyldimethylsilyl ethers, long reaction times, in-
volvement of expensive reagents, incompatibility with
other protecting groups such as a thio group at the ano-
meric position of the carbohydrate compounds,™ over ox-
idation,” unwanted product such as acetate instead of
alcohoal > and requirement a large excess of reagents.t2<
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Consequently, what is needed is a methodology, which
might work under mild conditions by involving economi-
cally cheaper reagents. During the development of new
methodol ogies for protection and deprotection of organic
functional groups particularly carbonyl group as dithioac-
etals and oxathioacetals,® we have observed that acetyl
chloride in methanol can be used as a source for generat-
ing dry hydrochloric acid in situ, which can be utilized for
protection of various carbonyl compounds as dithioace-
tals or dithioketals.® This result prompted us to look
whether acetyl chloridein combination with methanol can
be used also for deprotection of tert-butyldimethylsilyl
(TBS) ethersor not. In thiscommunication, wewould like
to report our successful results for deprotection of various
tert-butyldimethylsilyl (TBS) ethers and tert-butyldiphe-
nylsilyl (TBDPS) ethers by using catalytic amounts of
acetyl chloride in dry methanol (Scheme 1).

To verify our assumption, we prepared a wide variety of
tert-butyldimethylsilyl (TBS) ethers as well as tert-butyl-
diphenyl-silyl (TBDPS) ethers by following the reported
procedure.? First, we attempted the reaction of tert-bu-
tyldimethylsilyl ether of 1-octanol (1a) with 0.15 equiva-
lents amounts of acetyl chloride in dry methanol at 0—
5°C. After 5 min, usual work-up of the reaction mixture
provided the corresponding desired alcohol 2a in 98%
yield. Similarly, tert-butyldimethylsilyl ether of 1-dode-
canol (1b) was deprotected smoothly to the corresponding
alcohols 2b by following identical reaction conditions.’ It
is important to mention that no acetylation occurs during
the experimental conditions. Next, we observed that vari-
oustert-butyldiphenylsilyl ethers 1c—e can be deprotected
easily to the corresponding alcohols 2c— in very good
yields, on treatment with 0.15 equivalents amount of
acetyl chloride in methanol on stirring at room tempera-
ture. We have noticed that it requires relatively longer re-
action times for deprotection of TBDPS ethers than TBS
ethers.

OoP OH

)\ AcCl / dry MeOH )\
R2 0-5°C, r.t. R!

1 2
R! = aryl / alkyl / sugar residue/ nucleoside
R2=H/akyl; P=TBS/ TBDPS

Rl R2

Scheme 1



LETTER The Cleavage of tert-Butyldimethylsilyl (TBS) 695
Tablel Deprotection of Various TBS Ethers (1) to the Parent Hydroxyl Compounds (2) Using Catalytic Amounts of CH;COCI in
Dry MeOH
Entry Substrate Time min (h) Product? Yield® (%)
a OTBS 5 _OH 98
n n
n=4 n=4
b OTBS 7 OH 97
n e
n=8 n=8
c OTBDPS (2.0) OH 97
4/);\/ 4/)?\\/
n=4 n=4
d OTBDPS (4.0) OH 95
n e
n=8 n=8
e OTBDPS (2.3 OH 9%
/Aﬁﬁg\/ /Aﬁﬁ;\/
n=12 n=12
f 2 80
Aco” (M) oTBs AcO” (M) oH
n=3 n=3
g 2 82
Bz0” (M), 0TBS Bz0” (J; OH
n=3 n=3
h 5 87
Bno” (), oTBs Bno” (M7, OH
n=3 n=3
! Meo,c” (M) oTBS 3 Me0,C” {~J oH %
n=9 n=9
j 8 96
O@CHZOTBS OOCHon
k S 6) S 95
(5o (3o
S S
| ] 35 | | 85
[ j\ OTBS [ l _OH
¢) 0
m 4 86
18S0” (M) OTBDPS Ho M) oTBDPS
n=3 n=3
n 45 80
TBSO@CHZOTBS TBSO@CHZOH
o] —— 7 ,—\: 87
TBSO OTBS
q (5) 93
@CHZOTBS @CHZOH
s 5 85

OZNOCHZOTBS
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Tablel Deprotection of Various TBS Ethers (1) to the Parent Hydroxyl Compounds (2) Using Catalytic Amounts of CH;COCI in

Dry MeOH (continued)

Entry Substrate Time min (h) Product? Yield® (%)
t OTBS 35 OH 82
TBSO” : i HO” : i
v OTBS 8 OH 88
o) 0
BnO BnO
Bn&/SEt Bn&/sa
BnO BnO
w OBn 40 OBn 90
TBSO\/% HO QO
BnO
BnO oM Bno BnO
€ OMe
X 0O0TBS 40 OOH 87
T2 A2
o) o)
3<O OXO
y o] (255 0 90
M
HN)j/ € HN ‘E/Me
TBSO o“ >N HO 07 "N
o) o)
OTBS OH
z o} N o 95
Me Me
HN j/ HN ‘E/
TBSO 1e) N HO 19) N
o) o)
OAc OAc

2 All final products were characterized by IR, *H NMR, *C NMR and elemental analysis.

b |solated yield.

Various TBS ethers 1f—| were transformed smoothly into
the corresponding al cohols 2f— in good yields under iden-
tical reaction conditions. These results show that our pro-
tocol can be employed in the presence of other protecting
groups such as acetyl, benzoyl, benzyl, ester, alyl and
thioketal. Remarkably, a highly acid sensitive group such
as ester functionality (for instance 1i) remains unaffected
under the reaction conditions. Moreover, a highly acid
sensitive substrate 11 can also be deprotected into the cor-
responding hydroxy compound 2l. It is also important to
highlight that a TBS ether containing a thioketal group
(entry 1k) might be difficult to cleave by other reported
methods.5¢° Interestingly, our protocol can be further ex-
tended for chemoselective deprotection of TBS ethers

(entry 1m and 1n) in the presence of TBDPS ether and
aryl TBS ether due to reactivity difference. By following
the above procedure, TBS ethers 10 and 1p were also
deprotected into the corresponding compound 20 and 2p
in good yield without chlorination either at the double or
triple bond. By following our methodology, various TBS
ethers 1g—-u were transformed into the corresponding
deprotected alcohols 2g—u in good yields. The results are
summarized in Table 1 and the structures of the deprotect-
ed products were confirmed by usual spectroscopic tech-
niques and elemental analysis.*! It is pertinent to mention
that the deprotection of TBS ether 1u to the corresponding
alcohol 2u required longer reaction times™ than our
method.
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Lastly, we had turned our attention to the deprotection of
various TBS ethers of carbohydrates and nucleosides. The
TBSethers 1v—x were converted into the respective parent
hydroxy compounds 2v—x in good yields under similar
reaction conditions. Importantly, a thio group at the ano-
meric position is unaffected under the experimental con-
ditions, whereas it is usualy affected by the earlier
reported procedure.™ It is also noteworthy to mention that
OMe ether group at the anomeric position aswell as high-
ly acid sensitiveisopropylidene group did also survive un-
der the reaction conditions. Likewise, the silyl ethers of
nucleosides 1y—z were deprotected smoothly to the parent
nucleosidesin good yields. All these hydrolyzed products
were characterized by *H NMR, *C NMR, elemental
analysesand in full agreement with the expected products.

The formation of the product can be rationalized as fol-
lows. We believe that acetyl chloride reacts with methanol
to generate dry hydrochloric acid, which reacts with silyl
ether to provide the parent hydroxy compounds.

In summary, we have described a new, efficient, and re-
gio- as well as chemoselective protocol for deprotection
of TBS- and TBDPS ethers using a catalytic amount of
acetyl chloride in dry methanol under very mild condi-
tions. The salient features of the present method include:
i) the ease of operationsii) high efficiency iii) mild condi-
tionsiv) chemosel ectivity, which may be used extensively
in organic synthesis. In addition, the selective deprotec-
tion of alkyl tert-butyldimethylsilyl ether can be possible
in the presence of aryl-tert-butyldimethylsilyl ethers.
Moreover, awide variety of other protecting groups such
as acetyl, benzyl, benzoyl, thioketals, esters and iso-
propylidene survived under the experimental conditions.
A similar transformation might be possible by using other
acid chlorides, which will be reported in due course.
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A Typical Procedure for Deprotection:

Toastirred solution of silylated compound 1 (1 mmol) indry
MeOH (3 mL) was added AcCl (11 uL, 0.15 mmol) at ice-
bath temperature. The reaction mixture was stirred at ice-
bath temperature or r.t. depending upon the substrate (see
Table 1). After completion of the reaction (monitored by
TLC), CH,CI, was added (20 mL), the reaction mixture was
neutralized with 10% NaHCO; (1 mL) and washed withH,O
(20 mL). Finally, the organic layer was dried (N&,SO,) and
concentrated in vacuo to give a‘crude’ residue, which was
purified on silicagel column chromatography. The final
desired products were obtained in good to excellent yields.
Spectroscopic data for compound 1i:

IH NMR (CDClg, 200 MHz): 8 =0.01 [s, 6 H, Si(CH,),],
0.85[s, 9H, SIC(CH,)4], 1.19-1.60 (m, 18 H, -CH,), 2.25 (t,
2H,J=7.3Hz, -CH,CO,CH,), 355 (t,2H, J=6.4 Hz,
-CH,OTBS), 3.62 (s, 3H, CO,CHj). Anal. Calcd for
CioH400,Si: C, 66.22; H, 11.70. Found: C, 66.01; H, 11.65.
For compound 2i: *H NMR (CDCl;, 200 MHz): § = 1.20-
1.70 (m, 18 H, -CH,-), 1.80 (br s, 1 H, OH, D,O
exchangeable), 2.30 (t, 2H, J = 6.8 Hz, -CH,CO,CH,), 3.63
(t, 2H,J=5.9 Hz, -CH,0H), 3.67 (s, 3H, CO,CH,). Anal.
Calcd for C,5H,405: C, 67.78; H, 11.38. Found: C, 67.52; H,
11.26. For compound 1v: *H NMR (400 MHz, CDCl,): § =
0.01[s, 3H, Si(CH3),], 0.02[s, 3H, Si(CH,),], 0.85[s, 9 H,
SiIC(CH,)4], 1.25 (t, 3H, J= 7.3 Hz, SCH,CH,], 2.63-2.71
(m, 2 H, SCH,CH,), 3.21-3.24 (m, 1 H, H-5), 3.46 (t, 1 H,
J=9.0Hz,H-3),356 (t, 1H,J=9.3Hz H-2),3.61(t, 1H,
J=9.0Hz,H-4),3.75(dd, 1 H, J=3.8 Hz, J= 11.2 Hz, H-
6),3.80 (dd, 1H, J=2.0Hz,J=11.7 Hz, H-6"), 4.38 (d, 1
H,J=9.8 Hz, H-1), 4.62 (d, 1 H, J = 10.2 Hz, -OCHPh),
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4.68(d,1H,J=10.2Hz, OCHPh),4.79(dd, 2H, J = 4.6 Hz,
J=10.7 Hz, OCH,Ph), 4.85 (dd, 2H, J=4.0Hz, J=10.3
Hz, OCH,Ph), 7.19-7.33 (m, 15 H, ArH). ®*C NMR: § =
—5.37,-5.04, 15.19, 18.30, 24.34, 25.89 (3 C), 62.30, 75.06,
75.46, 75.87, 77.68, 80.03, 81.83, 84.40, 86.62, 127.69,
127.81, 127.93, 128.00, 128.29, 128.38, 128.46, 138.09,
138.32, 138.52. Anal. Calcd for C45H,505SSi: C, 69.04; H,
7.94, S, 5.26. Found: C, 69.35; H, 7.85; S, 5.01. For
compound 2v: *H NMR (400 MHz, CDCl,): § =1.32(t, 3
H, J=7.3 Hz, SCH,CHj), 1.95 (br s, 1H, OH, D,O
exchangeable), 2.71-2.80 (m, 2 H, SCH,CHj), 3.35-3.39
(m,1H, H-5),341(t, 1 H, J=9.3Hz, H-3),3.58 (t, 1 H,
J=9.3Hz,H-2),3.70(t,1H,J=8.8Hz H-4),3.87(d, 1 H,
J=115Hz, -OCHPh), 450 (d, 1 H, J = 9.8 Hz, H-1), 4.65
(d, 1H,J=11Hz, -OCHPh), 4.74 (d, 1 H, J = 11 Hz,
OCHPhH), 4.86 (d, 2H, J = 12.4 Hz, -OCH,Ph), 4.89 (d, 1 H,
J=10.0Hz,-OCHPh), 4.92 (dd, 2H, J = 6.8 Hz, J = 11 Hz,
H-6, H-6"), 7.25-7.38 (m, 15 H, ArH). BC NMR: § = 15.16,
25.20, 62.15, 75.17, 75.57, 75.74, 75.76, 77.69, 79.27,
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81.77,85.27,86.47,127.71,127.77, 127.89, 127.96, 128.07,
128.29, 128.41, 128.46, 128.52, 137.90 (2 C), 138.41. Anal.
Calcd for C,gH4,0sS: C, 70.42; H, 6.93, S, 6.48. Found: C,
70.20; H, 6.86; S, 6.24. For compound 1x: *H NMR
(CDCl,, 300 MHz) 8 = 0.07 [s, 6 H, Si(CH,),], 0.90[s, 9 H,
SIC(CH,)4], 1.33[s, 6 H, =C(CH,),], 1.44 (s, 3 H, =CCHy),
1.54 (s, 3H, =CCHj,), 3.70-3.86 (m, 3 H, H-2, H-3, H-5),
4.30(dd, 2H,J=2.3Hz,J=7.2 Hz, H-4, H-6), 4.60 (dd, 1
H,J=16Hz,J=7.9Hz H-6),5.52(d, 1H, J=4.9Hz, H-
1). Anal. Calcd for CigH5,0,Si: C, 57.72; H, 9.15. Found: C,
57.55; H, 9.03. For compound 2x: *H NMR (CDClj, 300
MHz): § =1.34[s, 6 H, =C(CH,),], 1.46 (s, 3 H, =CCH,),
1.54 (s, 3H, =CCHjy), 2.28 (br s, 1 H, OH, D,0 exchange-
able), 3.75(t, 1 H, J = 7.3 Hz, H-4), 3.82-3.90 (m, 2H, H-2
and H-5), 4.27 (d, 1 H, J=7.9 Hz, H-3), 4.34 (dd, 1 H,
J=23Hz, J=49Hz H-6),4.62 (dd, 1 H, J= 2.3 Hz,
J=7.9Hz H-6),5.57(d,1H,J=5.0Hz, H-1). Anal. Calcd
for C,H,,Og: C, 55.37; H, 7.74. Found: C, 55.48; H, 7.69.



