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ARTICLE INFO ABSTRACT

Article history We applied a desilylation procedure usings8Gsilica gel, with thesurface modified k
Received alkylsulfonic acid groups, to silylated sugar, medide and alkaloid derivatives. The treatn
Received in revised form with SO;H silica gel provided desilylated products in gdodexcellent yield. Ithe reactions «
Accepted sugar and nucleoside derivatives, no silyl residas detected in the crude products, bu
Available online crude products of the reaction of alkaloids corgdismall amountsf silyl residues. Eve

though the sugar and nucleoside derivatives habiéelglycosyl and QN bond, respectivel

Keywords these bonds toleratetie reaction conditions. These outcomes suggektdthe desilylatic
desilylation procedure using SM silica gel would be applicable to the deproteciid a variety of typesf
SOsH silica gel

compounds protected Lsjilyl groups. In a gram scale experiment, the gkdibn procedur
successfully proceeded without the observatiomgfsalyl residue in the crude product.

2009 Elsevier Ltd. All rights reserved

solid-supported catalyst

1. Introduction R-0OSi SO;H silica gel R-OH
or r

o
Ar—0Si without column purification Ar—OH

The synthetic processes to obtain chemical products
pharmaceutical products, agrichemicat; have recently been Si=TBS, TIPS, TBDPS
required to use environmentally benign processemnFsuch a
viewpoint, solid-supported reagents have been widslyd in  Scheme 1The deprotection of silyl ethers using ${silica
organic synthesiSWe have also already developed and reportedjel.
the desilylation process using a silica gel {8Gsilica gelf
whose surface was modified by alkylsulfonic acid g=uThe
SO,H silica gel could be repeatedly used for the dksibn
without complicated pretreatment before its reusethiermore, 2. Results and Discussion
the desilylation procedure did not require a paaifion process
because the silyl residues formed during the deption were 2.1. Deprotection of silyl ethers in sugar derivaties
captured by the silanol groups on the surface efdiica gel
(Scheme 1J.This feature was observed in the 10th repeated use We attempted to apply our desilylation procedurestyar
of the SQH silica gel’ We attempted to apply the desilylation derivatives. Glucose, mannose, and galactose degagdta—3a
process to various types of compounds. Herein, wertdhe  were selected as silylated sugars. The treatmenteBa with
application of a SEH silica gel to the deprotection of silyl ethers SO;H silica gel provided the desilylated compourids-3b in
in sugar, nucleoside, and alkaloid derivatives. excellent yields (Scheme 2). It was possible to wasgous

solvents in this procedure, although we have regotteat
* Corresponding author. Tel: +81 3 5791 6372; fa&1 3 3442 heptane was optimalDesilylation ofla using heptane gave the
5707; E-mail address: fujih@pharm.kitasato-u.ac.jp desilylated productlb in 98% yield (Scheme 2), whereas the
product 1b was obtained in 92% and 95% yield in the
experiments using toluene and dichloromethane emsely. It
is noteworthy that neither cleavage of the glycasghd nor
epimerization were observed under these reactioditioms,

1 Present address: International Institute fordratve Sleep
Medicine, University of Tsukuba, 1-1-1 Tennodai, Hisha,
Ibaraki 305-8577, Japan.
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0 0 2.2. Deprotection of silyl ethers in nucleoside desatives
| NH N f‘\NH ) . ) B
B0 \ )%o SO3H silica gel o \ )%O We next attempted desilylation of nucleoside deiies 5a-8a.
o ish o Ethyl acetate was used as a solvent due to the ikiylubf
conversion: quant. . . . .
Vield: 83% nucleoside derivativeSa and6a. Even though the C-N bond in
TBSO OTBS OH OH the nucleosides is also labile under strong aciditions, the
éa 4 desilylated compounds thymidiné&hk) and uridine §b) were
NBz, NBz; obtained in excellent yields without the cleavagéhef C-N bond
N N - </N SN (Scheme 3). No mono- and/or di-silyl derivatives wedetected
1850 <N |N/) SOgH silica gel o NP after the indicated reaction time. The crude preslaf these
o converbca! quant, o reactions contained no silyl residue. In the cdssompound/a,
yield: quant. chloroform was used as solvent (Scheme 3). The pyisiboxy
BzO BzO BzO BzO

7a
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Scheme 3Desilylation of silylated nucleoside derivatives.

group was cleaved effectively under our conditioasafford
alcohol 7b in quantitative yield. These results suggested #ha
primary siloxy group could be cleaved for shortctem time
whereas the cleavage of a secondary siloxy grougreztjlonger
reaction time. Indeed, the progress of the deptiotemf the

even though the glycosyl bond is generally cleavabider the '* h o . .
acidic conditionsvia the oxocarbenium ion. The fact that no 1- Silylated adenosine derivatiea® bearing two secondary siloxy
epimers of 1b-3b were obtained strongly suggested that thedroUPS and a primary one (Fig. 1) was slow. Theisgamaterial

corresponding oxocarbenium ion may not be formemlaturing 0@ Wwas disappeared after a while, which suggested the
the desilylation. Galactose derivativda, which had the desilylation of a primary siloxy group would be cdetp, but

secondary hydroxy group protected by a TBS groups w MOno- and di-s_inI derivatives were pbserved evearéf4 hours.
successfully converted into deprotected compotindAlthough ~ 1he Prolongation of the reaction time (72 hour)nished the
this conversion required a long reaction time, dthig starting ~decomposition of the compounds. It is not cleapresent why
compound4a was recovered in 8% and no anomerization wadilylated adenosin8a W|th_stood our desilylation conditions, but
observed. The steric constraint around the secyrsilaxy group e observed decomposition of the compounds wasmeitural
would retard the progression of the deprotection. @hehe PECause it is known that purine bases are bettemipgroups
features of our desilylation method was that no fimation  than pyrimidine bases.

process was required because silyl residues prodiiceinlg the
reaction were captured by the silanol groups orstintace of the
silica gel. These phenomena were observed by thé pbase
#Si NMR experiment$.In all cases of silylated sugars, no silyl
residue was detected in the crude products.

2.3. Deprotection of silyl ethers in alkaloid deriatives



We have recently reported that a siloxy group afiaphinan = outcomes suggested that the desilylation procedsiregy SQH
derivative was effectively cleaved under our demtide method  silica gel would be applicable to the deprotectibmarious types
(Scheme 4. As another alkaloid derivative, we chose prolineof compounds protected by silyl groups. In a graoales
derivatives. Proline derivatives are useful complsubbecause experiment, the desilylation procedure successfpligceeded

they are used not only as organic catalyétst also as without the observation of any silyl residue in thede product.
oTBS OH 4. Experimental section
o) o)
B0 - . B9 4.1.General

BzO oM rt BzO oM ) )
3 € 3 e All reagents and solvents were obtained from comrakrci

suppliers and were used without further purificatitmfrared

1149 SOsH silica gel (935 mg) 835 mg (90%) (IR) spectra were recorded on a JASCO FT/IR-460Plusledu

62.1 mg? SOsH silica gel (500 mg) 48.3mg (87%) magnetic resonance (NMR) spectra were recorded dkgéent

Technologies VXR-400NMR for'H NMR and “*C NMR.
Scheme 6Desilylation of3ain a gram scalé. This experiment was Chemical shifts were reported asvalues (ppm) reference to
shown in scheme 2. tetramethylsilane. Mass spectra (MS) were obtainedJdS-
AX505HA, JMS-700 MStation, or JMS-100LP instrument by
physiologically active compounds. For example, someapplying an electrospray ionization (ESI) methotle progress
derivatives possessing the proline (substitutedofigine) unit of the reaction was determined on Merck Silica Gel Artl5
were reported as nicotinic acetylcholine receptagarids| (TLC). Silica gel was purchased from Fuji Silysia
modulators of G-glycoprotefh,and so of. We attempted to (CHROMATOREX® PSQ 60B (60 um) and SCAVENGER
synthesize compountDb, which was a possible intermediate for SO;H SILICA).
synthesis of a modulator of G-glycoprotein (Schemg® 5
Compoundl0a, which was prepared from TBS ether of prolinol
by benzylation, was treated with $Osilica gel using methanol 4.2.Preparation of silylated sugar derivativéa—4a
as a solvent to givéOb in 70% yield. As the desilylation df0oa
was not complete at 50 °C, higher reaction temperatuas
required for reaction completion. One of the feaucé our

4.2.1. General procedure for the preparation of mke#h3,4-tri-
O-benzoyl-6-O-(tert-butyl)dimethylsilyl-D-pyranosideda—3a

desilylation method was no silyl residue in the erysfoduct. Methyl  6-O-(tert-butyl)dimethylsilyl-a-D-glucopyranoside,
However, in the desilylation of alkaloids, some antoensilyl  methyl 60-(tert-butyl)dimethylsilyl-a-D-mannopyranoside and
residue remained in the crude product. Since aliwlare basic  methy 60-(tert-butyl)dimethylsilyl-a-D-galactopyranoside

compounds, Sgpi groups immobilized on the silica gel surface yere prepared as a starting material according eoliterature
m|ght be partly neutralized to retard the trappifigilyl residues procedures®***2To a solution of the starting material (500 mg,
by silanols. 1.62 mmol) in pyridine (8 mL) was added benzoy! cide (0.94
mL, 8.10 mmol) at 0 °C. After stirring for 18 h ambient
temperature, the solution was poured into a mixtiré M HCI
) and EtOAc, and extracted with EtOAc. The combined organi
2.4. Gram scale experiments layer was washed with successively with brine, satdratgieous
NaHCG; solution and brine, and dried over anhydrousSTa
A large scale reaction sometimes brings troubles@sees  Fitration and evaporationin vacuo followed by column

and often requires further optimization of the teacconditions.  chromatography (silica gel, hexane/EtOAc = 10/1) jmred the
Therefore, we attempted desilylation of a gram sa#le3a  indicated product.

(Scheme 6). To a solution 8& (1.14 g) in heptane (4.6 mL) was

added SGH silica gel (935 mg), which was about a tenth of the

amount of SGH silica gel compared to the amount of 8O 42 1.1, Methyl 2,3,4-tri-O-benzoyl-6-O-(tert-butyiyethylsilyl-

silica gel using the other reactions shown in tieigort. After  4.p_glucopyranosidel@a)

shaking for 1 min, the resulting powder was left tand at

ambient temperature for 24 h. The reaction sucolgsf A colorless oil. Yield: 75%H-NMR (400 MHz, CDC)): &

proceeded to give desilylated prod@ttin 90% yield. In a gram  0.02 (s, 3H), 0.03 (s, 3H), 0.88 (s, 9H), 3.47 (s, 3H1 (d,J =

scale experiment, it was possible to monitor thegmass of the 4.4 Hz, 2H), 4.11 (ddd] = 10.0, 8.4, 4.0 Hz, 1H), 5.22-5.25 (m,

reaction by picking up a small amount of the siljgd. No silyl ~ 2H), 5.51 (t,J = 10.0 Hz, 1H), 6.13 (m, 1H), 7.26-7.30 (m, 2H),

residue was observed in a crude product. 7.36—7.44 (m, 5H), 7.49-7.53 (m, 2H), 7.85-7.88 (ht), Z.93—
7.99 (m, 4H)®C-NMR (100 MHz, CDCJ): § -5.52, -5.45, 18.2,
25.8,55.2, 62.5,69.4, 70.4, 70.7, 72.2, 77.27,9628.1, 128.28,
128.29, 129.0, 129.1, 129.3, 129.6, 129.7, 12982,9, 133.15,

3. Conclusion 133.21, 165.1, 165.8. HR-MS (ESI): Calcd fog,0.SiNa
[M+Na]™: 643.2339. Found 643.2343. IR (neat): 2953, 1730,

The desilylation of sugar, nucleoside, and alkalbédivatives 1280, 1252, 1108, 709 ¢m

using the SEH silica gel successfully proceeded to provide the

corresponding desilylated compounds. In the reastiof sugar

and nucleoside derivatives, no silyl residue wasdatetl, but the 4.2.1.2. Methyl 2,3,4-tri-O-benzoyl-6-O-(tert-butytjerthylsilyl-

crude products of the reaction of alkaloids comdirsmall a-D-mannopyranoside2f)

amounts of silyl residues. Even though sugar andeoside o 1

derivatives had a labile glycosyl bond and C-N bondA colorless oil. Yield: 91%.H-NMR (400 MHz, CDCD 6 0.00

respectively, these bonds tolerated the reactionitions. These (S 3H), 0.02 (s, 3H), 0.90 (s, 9H), 3.52 (s, 3H), 3820 (m,
2H), 4.11 (m, 1H), 4.97 (d = 2.0 Hz, 1H), 5.66 (dd] = 3.2, 1.6
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Hz, 1H), 5.70 (ddJ = 10.4, 3.6 Hz, 1H), 5.95 (§, = 10.4 Hz, 4.3.1. Methyl 2,3,4-tri-O-benzow-D-glucopyranosidelb)
1H), 7.24-7.28 (m, 2H), 7.36-7.42 (m, 3H), 7.45-7153 3H), o .
7.60 (m, 1H), 7.82-7.85 (m, 2H), 7.94—7.97 (m, 2H)988.12 A colorless oil. Yield: 98%:H-NMR (400 MHz, CDCJ): &
(m, 2H). BCNMR (100 MHz, CDCJ): & -5.52, -5.48, 18.2, 2.69 (dd,J = 8.4, 6.0 Hz, 1H), 3.47 (s, 3H), 3.74 (m, 1H), 3.83
25.8, 55.2, 62.3, 66.9, 70.5, 70.6, 71.4, 98.5,2288.4, 128.5, (M, 1H), 4.04 (m, 1H), 5.26-5.31 (m, 2H), 5.51)(& 10.0 Hz,
129.2, 129.42, 129.43, 129.66, 129.72, 129.9, 13338.2, 1H), 6.23 (tJ = 9.6 Hz, 1H), 7.26-7.31 (m, 2H), 7.36-7.44 (m,
133.4, 1653, 16552, 165.54. HR-MS (ESKalcd for ~ 2H), 7.49-7.56 (m, 2H), 7.87-7.89 (m, 2H), 7.96-7199 4H).

13 .
CaHagOsSiNa [M+Na]": 643.2339. Found: 643.2339. IR (neat): C-NMR (100 MHz, CDGJ): $ 55.6, 61.0, 69.5, 69.8, 70.1, 72.0,
2953 1731, 1279, 1261, 1107, 710%m 97.1, 128.3, 128.4, 1285, 128.6, 129.0, 129.2,.6,2929.9,

123.0, 165.792, 165.799, 166.4. HR-MS (ESQalcd for
CogHaOoNa [M+NaJ': 529.1475. Found: 529.1474. IR (neat):

4.2.1.3. Methyl 2,3,4-tri-O-benzoyl-6-O-(tert-butyfhethylsilyl- 3537, 2933, 1728, 1281, 1107, 710’tm
a-D-galactopyranoside3a)

A colorless oil. Yield: 99%'H-NMR (400 MHz, CDCJ)): 6 —  4.3.2. Methyl 2,3,4-tri-O-benzoy-D-mannopyranosideb)
0.04 (s, 3H), 0.01 (s, 3H), 0.85 (s, 9H), 3.48 (s, BJ3-3.80 o )
(m, 2H), 4.28 (br tJ = 6.8 Hz, 1H), 5.28 (dJ = 3.6 Hz, 1H), A colorless oil. Yield: 95%:H-NMR (400 MHz, CDC)): &
5.61 (dd,J = 10.0, 3.6 Hz, 1H), 5.95-5.99 (m, 2H), 7.22-7.26 (m,2:64 (br, 1H), 3.52 (s, 3H), 3.77-3.84 (m, 2H), 406 {H), 5.01
2H), 7.35-7.39 (m, 2H), 7.42 (m, 1H), 7.47-7.53 (m,,3Hp1  (d,J = 1.6 Hz, 1H), 5.68 (dd] = 3.2, 1.6 Hz, 1H), 5.85 (0 =
(m, 1H), 7.78-7.80 (m, 2H), 7.97-7.99 (m, 2H), 8.0888m, 10.0 Hz, 1H), 5.98 (dd} = 10.0, 3.2 Hz, 1H), 7.24-7.27 (m, 2H),
2H). ®C-NMR (100 MHz, CDC)): 5 -5.7, 5.6, 18.1, 25.7, 55.5, 7-37—7.45 (m, 3H), 7.47-7.55 (m, 3H), 7.61 (m, 1H§1+7.84
61.3, 68.6, 69.1, 69.4, 6.7, 97.5, 128.1, 128288, 129.26, (M. 2H), 7.97-8.00 (m, 2H), 8.09-8.12 (m, 2FC-NMR (100
129.34, 129.6, 129.7, 129.77, 129.81, 132.9, 13%8,4, 165.5, MHz, CDCk): § 55.5, 61.4, 67.2, 69.6, 70.5, 70.8, 98.7, 128.3,
166.1. HR-MS (ESI): Calcd for GuHOsSiNa [M+Na]*: 128.5, 128.6, 128.7, 129.1, 129.3, 129.7, 129.29,8D, 133.1,
643.2339. Found 643.2347. IR (neat): 2951, 1738212265, 133.5, 133.6, 165.4, 165.5, 166.5. HR-MS (ESTpicd for
1108. 839 711 cih CogH,c0Na [M+Na]: 529.1475. Found: 529.1478. IR (neat)

T 3533, 2924, 1728, 1283, 1069, 710tm

4.2.2. Methyl 2,3,6-tri-O-benzoyl-4-O-(tert-butyl)ditmgsilyl-a- ) )
D-galactopyranosideq) 4.3.3. Methyl 2,3,4-tri-O-benzoyi-D-galactopyranoside3p)

Under an Ar atmosphere, to a solution of methyl 2{8.6- A colorless oil. Yield: 87%’H-NMR (400 MHz, CDCJ): &
benzoyla-D-galactopyranoside (253 mg, 0.5 mmol) and 2,6-2-69 (br t,J=7.2 Hz, 1H), 3.48 (s, 3H), 3.65 (m, 1H), 3.79 (m,
lutidiene (0.12 mL, 1.0 mmol) in G&l, (1 mL, 0.5 M) was 1H), 4.33 (br tJ = 7.2 Hz, 1H), 5.28 (d] = 3.6 Hz, 1H), 5.72
added tert-butyldimethylsilyl trifluoromethanesulfonate (0.12 (dd,J =10.8, 3.6 Hz, 1H), 5.87 (m, 1H), 5.99 (dd= 10.8, 3.2
mL, 0.5 mmol) at O °C. After stirring at ambienteerature for  Hz, 1H), 7.22-7.26 (m, 2H), 7.36-7.45 (m, 3H), 7.484719,
18 h, the reaction was quenched with saturated aguéadCqQ  3H). 7.63 (m, 1H), 7.80-7.83 (m, 2H), 7.99-8.01 (m,, B)0-
solution, and extracted with EtOAc. The combined oigtayer ~ 8-13 (m, 2H)."C-NMR (100 MHz, CDCJ): & 55.7, 60.8, 68.4,
was washed with water and brine, and dried over anhgdro 69-1, 69.6, 70.1, 97.5, 128.3, 128.4, 128.7, 12829,1, 129.2,
Na,SO,. Filtration and evaporatioim vacuofollowed by column ~ 129.6, 129.8, 130.0, 133.2, 133.4, 133.7, 165.4,.116166.8.
chromatography (silica gel, hexane/EtOAc = 10/1) jtett the HR-MS (ESI): Calcd for GgHpeOoNa [M+NaJ: 529.1475.
title compound (237 mg, 76%) as a colorless BIENMR (400 ~ Found: 529.1476. IR (neat): 3522, 2934, 1726, 18089, 712
MHz, CDCL): § —0.09 (s, 3H), 0.03 (s, 3H), 0.96 (s, 9H), 3.45 (s,tM"-
3H), 4.33-4.43 (m, 2H), 4.54-4.59 (m, 2H), 5.19X; 4.0 Hz,
1H), 5.65 (ddJ = 10.8, 2.8 Hz, 1H), 5.80 (dd,= 10.8, 3.6 Hz,
1H), 7.32-7.37 (m, 4H), 7.44-7.51 (m, 4H), 7.60 (m, TH95—-  4.3.4. Methyl 2,3,6-tri-O-benzoy-D-galactopyranoside4p)
799 (m, 4H), 8.06-8.08 (m, 2H)iS-NMR (100 MHz, CDCY: A colorless powder. Yield: 80%H-NMR (400 MHz,

812_51 '37(’) ﬁ'gé %332'12256% 5?'235 22'7’1622";% 6215’2;1% 711'2%'2;99756’ CDCL): 5 3.05 (br, 1H), 3.45 (s, 3H), 4.36 (bt= 6.4 Hz, 1H),
30, 128.34, 1285, 129.48, 128.53, 1296, 8 444 (br, 1H), 4.59 (ddl = 11.6, 7.2 Hz, 1H), 4.67 (dd= 11.6,

%oiaaﬁfdgml; 3['|%/|iNl§]*6:'%4?26523'9.162643nI;:R_g/zElS::)czE(S:g?dlR 5.6 Hz, 1H), 5.23 (d) = 3.6 Hz, 1H), 5.73 (dd] = 10.8, 3.2 Hz,
1H), 5.77 (dd,) = 10.8, 2.8 Hz, 1H), 7.31-7.37 (m, 4H), 7.41—

(neat): 2052, 1723, 1273, 1104, 711°tm 7.51 (m, 4H), 7.56 (M, 1H), 7.67-8.04 (m, 6IC-NMR (100

MHz, CDCL): 6 55.4, 63.5, 67.7, 68.1, 68.9, 70.8, 97.4, 128.3,

128.36, 128.37, 129.2, 129.3, 129.57, 129.61, 12970.8,

133.17, 133.18, 133.3, 165.8, 166.1, 166.4. HR-MSXE alcd

for C,gH60sNa [M+Na]:529.1475. Found: 529.1466. IR (neat):
To a solution of silylated sugar derivativesa{4gd (0.1 3502, 2020, 1719, 1273, 1105, 706'cm

mmol) in heptane (0.25 mL, 0.4 M) was added;i$Gilica gel

(500 mgq). After shaking for 1 min, resulting powdess left to

stand at ambient temperature. After the indicatedtien time, 4.4.Desilylation of the sugar derivativéa (gram scale)

the powder was put on the glass filter and eluted WigOH (50 .

mL). The obtained elute was evaporatedvacuo followed by To a solution of methyl 2,3,4-t0-benzoyl-60-(tert

column chromatography (silica gel, hexane/EtOAc E(2b-3b) butyl)dimethylsilyla-D-glucopyranoside 3g) (1.14 g, 1.84

. : ivatidds4 mmol) in heptane (4.6 mL, 0.4 M) was added;iSGilica gel
or 4/1 @) provided the desilylated sugar derivat b (935 mg). After shaking for 1 min, resulting powdersweft to

stand at ambient temperature. After 24 h, the powaer put on

4.3.General procedure for the desilylation of the sugar
derivatives



the glass filter and eluted with MeOH (500 mL). ThHa#ained = 3.3, 11.0 Hz, 1H), 4.08 (d,= 13.7 Hz, 1H), 7.17 (dd = 7.7,
elute was evaporateth vacuo to yield methyl 2,3,4-tr>- 7.9 Hz, 1H), 7.31 (dd] = 1.6, 7.7 Hz, 1H), 7.38 (dd,= 1.6, 7.9
benzoyla-D-glucopyranoside in a satisfactory level of purity Hz, 1H)."*C NMR (CDCL, 100 MHz):§ 23.7, 27.6, 54.7, 56.8,
(3b) (835 mg, 90%) as a colorless ail. 62.0, 64.9, 127.1, 128.8, 129.2, 132.4, 133.3, A 3BIR-MS
(ESI): Caled for GHi;CILNO [M+H]": 260.0609. Found:
260.0602. IR (neat): 3408, 2959, 1449, 1421, 11849, 1048,
778 cmi™.

4.5.General procedure for the desilylation of the nuside
derivatives

The silylated nucleosidesa—7a were prepared according to
the literature proceduré!**>A solution of silylated nucleosides
5a-7a (0.4 mmol) in EtOAc %a and6a, 1 mL, 0.4 M) or CHG
(7a, 1 mL, 0.4 M) was treated with S8 silica gel (2 g, 0.2
mmol/g) at ambient temperature. After shaking formin,
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