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The gold(I)-catalyzed glycosylation of acid alcohols with glycosyl ortho-hexynylbenzoates in the presence
of BF3�Et2O and DBU provided the corresponding ester glycosides chemoselectively in high yield; while
with DTBP as an additive instead, orthoester formation with the alcohol was effected selectively.

� 2010 Elsevier Ltd. All rights reserved.
Protecting groups, widely used in current organic synthesis,
often lead to long reaction routes and low overall yield.1 To in-
crease the synthesis efficiency, protecting groups should be re-
duced or eliminated as many as possible and the innate
reactivity of functional groups should be discriminated as much
as possible.2 Thus, the development of new chemoselective reac-
tions is demanding. In the course of triterpene saponins synthe-
sis, chemoselective glycosylation of the C3-hydroxyl group and
the C28-carboxylic acid of a triterpene is frequently required.3

The available resort is to glycosylate the carboxylic acid selec-
tively with glycosyl bromides,4 mainly under the phase transfer
conditions (PTC).4a–h Some glycosyl bromides are not stable,
therefore need to be used immediately after preparation.4e We
recently developed a new glycosylation protocol employing gly-
cosyl ortho-hexynylbenzoates as donors and gold(I) as a catalyst.5

Incidentally, we found that highly chemoselective glycosylation
of carboxylic acid and orthoester formation with alcohol could
be realized in the additional presence of BF3�OEt2/DBU (1,8-diaza-
bicyclo[5.4.0]undec-7-ene) and DTBP (2,6-di-tert-butylpyridine),
respectively.

This finding was made during the glycosylation of oleanolic
acid 2 with 2,3,4,6-tetra-O-benzoyl-D-glucopyranosyl ortho-hex-
ll rights reserved.
ynylbenzoate 1a (Fig. 1). Under the standard conditions (0.1
equiv Ph3PAuOTf, CH2Cl2, rt),5 coupling of 1a (1.2 equiv) with
acid alcohol 2 led to the ester glycoside 3 and alcohol orthoester
4 in comparable amounts (30% and 40%, respectively, entry 1).6

When additional BF3�OEt2 (3.0 equiv) was added into the
above-mentioned reaction, the 28-COOH of the oleanolic acid 2
was preferably glycosylated, providing the ester glycoside 3 and
the bis-sugar derivative 5 in 63% and 13% yield, respectively;
and the orthoester 4 was not detected (entry 2). More
surprisingly, introduction of DBU (2.0 equiv) in the above-men-
tioned reaction system led to the formation of the ester glycoside
3 exclusively in 95% yield (entry 3). Lower loading of the
BF3�OEt2 (1.5 equiv) and DBU (1.1 equiv) resulted in much lower
yield of 3 (50%), but it still remained to be the major product
(entry 4). Similar results were observed upon replacement of
the DBU with DTBP or Et3N in the reaction (entries 5 and 6).
In the absence of BF3�OEt2, the combination of Ph3PAuOTf
(0.1 equiv) and DBU or Et3N (2.0 equiv) could not promote the
glycosylation to proceed (entry 7). However, the combination of
Ph3PAuOTf (0.1 equiv) and LiOH, K2CO3, or pyridine (2.0 equiv)
promoted the reaction to provide the alcohol orthoester 4 nearly
exclusively, albeit in a moderate yield of �30% (entries 8 and 9).
The use of DTBP (2.0 equiv) instead as the additive, the yield of 4
was increased to 61% (entry 10). The yield of 4 was further in-
creased to 80% by increasing the loading of Ph3PAuOTf to
0.2 equiv (entry 11).
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Figure 1. Examination of the chemoselective glycosylation of oleanolic acid 2 with 2,3,4,6-tetra-O-benzoyl-D-glucopyranosyl ortho-hexynylbenzoate 1a.
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Entry
 Additive
 Yield
(3)
Yield
(4)
Yield
(5)
1
 No
 30%
 40%
 Trace

2
 BF3OEt2 (3.0 equiv)
 63%
 —
 13%

3a
 BF3OEt2 (3.0 equiv), DBU

(2 equiv)

95%
 —
 —
4
 BF3OEt2 (1.5 equiv), DBU
(1.1 equiv)
50%
 Trace
 Trace
5
 BF3OEt2 (3.0 equiv), DTBP
(2.0 equiv)
67%
 —
 —
6
 BF3OEt2 (3.0 equiv), Et3N
(2.0 equiv)
58%
 —
 —
7
 DBU or Et3N (2.0 equiv)
 —
 —
 —

8
 LiOH or K2CO3 (2.0 equiv)
 Trace
 �30%
 Trace

9
 Pyridine (2.0 equiv)
 Trace
 32%
 —
10
 DTBP (2.0 equiv)
 Trace
 61%
 —

11b
 DTBP (2.0 equiv) PPh3AuOTf

was increased to 0.2 equiv

Trace
 80%
 —
Entry Donor Accep-
tor

Condi-
tions

Ester
glycoside
(yield)

Orthoester
(yield)

Bis-sugar
derivatives
(yield)

1 1a 6 A 9 (88%) 10 (2%) —
2 7 11 (84%) 12 (trace) —
3 8 13 (97%) — —
4 1b 2 15 (88%) — —
5 6 18 (92%) — —
6 7 21 (90%) — —
7 8 14 (87%) — —
8 1a 6 B — 10 (82%) —
9 7 — 12 (94%) —

10 1b 2 — 16 (63%) 17 (17%)
11 6 — 19 (69%) 20 (17%)
12 7 — 22 (61%) 23 (16%)
a For a typical procedure for the selective ester glycoside synthesis:
To a stirred mixture of the donor 1a (94 mg, 0.12 mmol), oleanolic
acid 2 (46 mg, 0.10 mmol), DBU (32 lL, 0.2 mmol), and freshly
activated 4 Å MS (200 mg) in dry CH2Cl2 (5 mL) at room temper-
ature was added dropwise BF3OEt2 (38 lL, 0.3 mmol) followed by
the addition of a newly prepared PPh3AuOTf in CH2Cl2 (0.05 M,
0.2 mL) under argon. After stirring at room temperature for over-
night, the mixture was filtered and concentrated in vacuo. The
residue was purified by silica gel column chromatography (tolu-
ene–EtOAc, 50:1) to afford 3 (98 mg, 95%) as a white solid.
b For a typical procedure for the selective alcohol orthoester for-
mation: To a stirred mixture of the donor 1a (94 mg, 0.12 mmol),
oleanolic acid 2 (46 mg, 0.10 mmol), DTBP (45 lL, 0.2 mmol), and
freshly activated 4 Å MS (300 mg) in dry CH2Cl2 (5 mL) at room
temperature was added dropwise a newly prepared PPh3AuOTf in
CH2Cl2 (0.05 M, 0.4 mL) under argon. After stirring at room tem-
perature for overnight, the mixture was filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatogra-
phy (toluene–EtOAc, 30:1) to afford 4 (82 mg, 80%) as a white solid.
Thus, chemoselective glycosylation of the carboxylic acid and the
hydroxyl group in oleanolic acid 2 with perbenzoylglucopyranosyl
ortho-hexynylbenzoate 1a could be achieved by employing BF3�OEt2

(3.0 equiv)/DBU (2 equiv) or DTBP (2.0 equiv) as additives, respec-
tively. The scope of this chemoselective glycosylation protocol
was then briefly examined (Fig. 2). Selective glycosylation of the
carboxylic acid in the acid alcohols 6–8 with glucopyranosyl
ortho-hexynylbenzoate 1a under conditions A (0.1 equiv Ph3PAu-
OTf, 3.0 equiv BF3�OEt2, 2 equiv DBU, CH2Cl2, 4 Å MS, rt) was per-
fectly realized, leading to the corresponding ester glycosides 9, 11,
and 13 in >84% yields; while the alcohol orthoesters were not de-
tected or were in only trace amounts (<2%), and the bis-sugar deriv-
atives were not detected at all (entries 1–3). Slightly better results
were obtained when 2,3,4-tri-O-acetyl-L-rhamnopyranosyl ortho-
hexynylbenzoate 1b was used as a donor to couple with acid alco-
hols 2 and 6–8, the corresponding ester glycosides (15, 18, 21, and
14) were formed exclusively in >87% yields (entries 4–7). Under
conditions B (0.2 equiv Ph3PAuOTf, 2.0 equiv DTBP, CH2Cl2, 4 Å
MS, rt), glycosylation of the acid alcohols 6 and 7 with glucopyran-
osyl ortho-hexynylbenzoate 1a led to the orthoesters 10 and 12 in
82% and 94% yields, respectively; the ester glycosides were not de-
tected (entries 8 and 9). However, the selective orthoester forma-
tion (under conditions B) with peracetyl-rhamnopyranosyl ortho-
hexynylbenzoate 1b as a donor (and the acid alcohols 2, 6, and 7
as acceptors) was compromised with the further glycosylation of
the remaining carboxylic acid group, providing the alcohol orthoes-
ters (16, 19, and 22) in 61–69% yields and the bis-sugar derivatives
(17, 20, and 23) in �17% yield (entries 10–12).7
In conclusion, we have disclosed an effective method for chemose-
lective glycosylation of acid alcohols using glycosyl ortho-hex-
ynylbenzoates as donors; under the catalysis of PPh3AuOTf in the
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Figure 2. Chemoselective glycosylation between alcohol and carboxylic acid with glycosyl ortho-hexynylbenzoate donors 1a and 1b.
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presence of DBU/BF3OEt2 or DTBP, respectively, carboxylic acid gly-
cosylation or alcohol orthoester formation could be effected selec-
tively in good yields.
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