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1. Introduction materials or multiple deacetylated byproducts webseoved,

when the reactions were repeated exactly accordinghé¢o

Selective 10-deacetylation of peracetylated saccharides playslescribed conditions. Therefore, novel Lewis acitilgats with

a crucial role in oligosaccharide synthesis to ssceeactive excellent catalytic activity, high regioselectivignd low toxicity

glycosyl donors, such as glycosyl trichloroacetiatés, are highly desired for anomeric deacetylation ofapetylated
phosphates, and halidesloreover, chemical synthesis of many saccharides.

bioactive glycoconjugatés also involves functionalizations

specifically at the anomeric OH of carbohydratetaeebuilding Lewis acids such as ZrCIHfCl, and Hf(OBu) have been

blocks. reported to promote direct esterification/amidatiofi non-
Currently, the methods that enable selective aniomer activated carboxylic acids and alcohols/amitiés. Earlier this
deacetylation of peracetylated carbohydrates canmiainly  year, Adolfsson and coworkers revealed the mecharo$ém
categorized in two types. The first approach selelgticleaves  zirconium-catalyzed amidation and their NMR datéddated that
the anomeric acetate via transamidation by usingréety of  carboxylate ligated to Zr(IV) cation in THF to forthe reactive
nitrogenous nucleophiles such as ammbrigdrazine acetate specie<? Inspired by these reports, we speculated thatioerta
benzylaming ethylene diamirfe piperidiné, guanidind 3-  Group IVB transition metal-based Lewis acids may &gat the
(dimethylamino)-1-propylamine (DMAPA) etc. While excess acetyl groups of the peracetylated carbohydratesaativate the
bases are typically needed, some of these reagemtixic. In  most labile anomeric acetate, thereby promotingectioe
additon, other basic reagents, such as alkali nfetatides in  deprotection. Herein, we report the employment ofCHT), as a
PEG 406° and molecular seives in combination with methahol, highly efficient catalyst for selective Q-deacetylation of
have also been successfully employed for the saummpope. peracetylated carbohydrates. Compared to the egpametal
Alternatively, the anomeric acetyl group could beestvely Lewis acids, only 2 mol% of Hf(OTf)is needed for high-
removed by Brgnsted or Lewis acid-catalyzed hydislysr  Yielding anomeric deacetylation of a diversity obmo-, di-, and
transesterification depending on the solvent uéak fact that trisaccharide substrates in acetonitrile ir86h at 60 °C.
stoichiometric amounts or even a large excess ofidacids Moreover, the reaction time could be remarkablyrtsioto only
such as tributyltin alkoxidd Cu(OAc) FeCk-6H,0™ and 3-4 h, when the reactions were assisted with sonication.
HgO/HgCL™ are required indicates that the potency of these
catalysts is far from satisfactory. Though it haemreported that 2. Resultsand discussion
catalytic amounts of Ln(OTf)® or Zn(OAc)-2H,0" were
sufficient for the desired transformations, howewves,found that In the preliminary experiments, 1,2,3,4-tetraacetyl
signifieant amounts of either unreacted peracedgllastarting rhamnose X) was treated with 10 mol% of either reported metal

OCorresponding author. Tel.: +86-791-8380-5183; #86-791-8382-6894; E-mail addresses: sungi@jxsthucn.

Recently, we noticed that Group IVB transition mdtated
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Lewis acids or a series of Group IVB transition metalis
acids at room temperature. Due to the concerncértdin metal
Lewis acids may potentially promote the formation noéthyl
glycoside or isomerization of pyranose into furaid® in
methanol, we chose to perform the deacetylationomrercial
AR grade acetonitrile. The data listed in Table bvetd that
Cu(OAc), FeCk-6H,0, Zn(OAc)-2H,0O, and Nd(OTH) (entry
1-4) exhibited either no or very low catalytic actyvit 10 mol%
level. A large amount oflL was left unreacted after 12 h.
Surprisingly, addition of Zr(IV) salts (entry—8) showed no
catalytic activity at all, whereas the presence &f\H salts
(entry 8-10 resulted in the generation of significant amowofts
desired produc®. It is noteworthy that HfGl and Hf(OTf)-
catalyzed reactions proceeded much faster andedanhximum
conversion in 6 h. However, other than the desRe(B5%),
HfCl, also led to the formation of rhamnosyl chloridgimduct
(~10%). In contrast, Hf(OTf)catalyzed 10-deacetylation ofl
afforded2 in 60% yield without any byproduct.

Table 1. The effect of metal Lewis acid onQ-deacetylation of.

M OAc 10 mol% catalyst M
mol7 catalys
poLpeg” TR Yo7
AcO CHSCN, rt AcO

OAc OAc

OH

1 2
Entry Catalyst Reaction time (h) Isolated yiel®qfo)
1 Cu(OAc) 12 n.r.
2 FeC}-6H,0 12 15
3 Nd(OTfy 12 1z
4 Zn(OAC) 12 10
5 ZrOCb-8H:,0 12 n.r.
6 ZrCpCl, 12 n.r.
7 ZrCly 12 n.r.
8 HfCpCl, 12 22
9 HfCl, 6 35
10 Hf(OTf), 6 60

*The reaction was quenched at the time point thabiteeded no further.

As expected, increasing reaction temperature notably

accelerated the reaction rate of Hf(Qidatalyzed 10-

deacetylation ofL (Table 2). When the reaction with 10 mol%
Hf(OTf), was performed at 60 °C, the reaction time was shorte

to only 1 h. More importantlyl was completely consumed, and

the yield of2 was improved to 88%. However, elevation to 80 °C

resulted in the formation of multiple deacetylabsghroducts.

Table 2. The effect of temperature on Hf(OTHatalyzed 19-deacetylation of.

Entry Temp. Reaction time Isolated yield oR2
(h) (%)
1 rt 6 60
2 40 3 8t
3 60 1 88
4 80 1 78

2The reaction was quenched at the time point thabiteeded no furthéiMultiple
deacetylated byproducts were observed on TLC.

In an attempt to optimize the quantity of catakexjuired for
the reaction, we gradually reduced the amount of Hf{(Offom
10 mol% to 1 mol% at 60 °C. As shown in Table 3, réction
time was prolonged to 6 h, but the yield ©fvas improved to

92%, when only 2 mol% Hf(OTfwas used. However, when the
amount of Hf(OTf) was decreased to 1 mol%, the catatyltic
effect drastically diminished.

Table 3. The effect of the amount of Hf(OTLfpn 1.O-deacetylation of.

Entry The amount of Reaction time  Isolated yield o
Hf(OT)4 (Mol%) (h) (%)
1 10 1 88
2 5 2 91
3 2 6 92
4 1 12 48

*The reaction was quenched at the time point thabiteeded no further.

The solvent effect was also investigated at 60 °@ @imol%
Hf(OTf),. The results in Table 4 showed that when commercial
AR grade MeOH, THF, DCE, and toluene were used, a large
amount ofl was left unreacted. In the first three cases, pialti
deacetylated byproducts were obtained. Hf(QEj)hibited no
catalytic activity in DMF andPrOH. These results indicated that
reactivity and regioselectivity of Hf(OTf)is quite solvent-
dependent. To prove the hydrolysis mechanism irioadele,
the reaction was tested in freshly dried acetoaitdls expected,
no reaction was observed even after 12 h. In cdntthe
acetonitrile with 0.3% (v/v) water, whose water contést
comparable to AR grade acetonitrile, led to simitaction time
and yield. However, if the amount of water was furinereased
to 1% (v/v) and above, the reaction proceeded hofabter, but
the regioselectivity was compromised.

Table4. The solvent effect on Hf(OTAcatalyzed 19-deacetylation of.

Entry Solvent Reaction Isolated yield
time (h) of 2 (%)
1 MeOH 4 36"
2 THF 10 27t
3 DCE 8 28°
4 Toluene 8 20
5 DMF 12 n.r.
6 iPrOH 12 n.r.
7 CHCN (AR) 6 92
8 CH:CN (dry) 12 n.r.
9 CHCN/H,0 (3.3x16:1, viv) 5 92
10 CHCN/H,0 (100:1, v/v) 4 86
11 CHCN/H,0 (20:1, v/v) 25 74

*The reaction was quenched at the time point thabriceeded no further.
PMultiple deacetylated byproducts were observed b@.T

Since many previous reports have claimed that sdtre
irradiation may accelerate ester hydrolysis in hinaolvent
systems? we performed the reaction in an ultrasonic bath (40
KHz, power output 600W) at 60C. Compared to the reaction
with  mechanical agitation, the assistance of ultrado
remarkably accelerated the reaction rate and siextethe
reaction time to only 3 h (Figure 1). It is worthtimg that if the
temperature was further elevated to 70 °C, multijglacetylated
byproducts emerged again, indicating that 60 °C was
threshold for the regioselectivity of this methdtdnight be easy
to simply ascribe the rate enhancement to the atait
phenomena, such as violent temperature and preshiangge
during the collapse of microbubbles. However, thaperature
threshold suggested that the changes in the malestlicture of
the solvent system and perturbation of hydrophobidute-



solvent interactions might play a more importanieron the reduced. Alternatively, the reactions could be pemntd without
sonochemical effeét the assistance of ultrasonic irradiation. Both yiedds anda:f

Table 5. Hf(OTf),-catalyzed 10-deacetylation of peracetylated mono-, di-, anshttcharides under sonication conditions.

iLH:Q 2 mol% Hf(OTf), _0
A“OAC CH5CN, 60 °C, ultrasound OH
Entry Substrate Product Reaction timelsolated yield a:p?
(h) (%)
N OAc " OH
e o) e (@]
AcO AcO
1 ° ﬁ\f ° ﬁ\f 3 92 6.3:1
OAc OAc
1 2
OAc OAc
2 AcoﬁH Aﬁoﬁk 3 90 2.3:1
3 OAcOAc 4 OACOH
AcO OAc AcO OAc
3 Aco&h Aco&“ 3 o1 2.2:1
OAc OH
5 OAc 6 OAc
OAc OAc
Oéc OAc
4 AQo AQ 3 90 a only
OAc
7 8 OH
AcO O 0
RN\, Ao
5 g OAcOAe AcO 3 93 o only
OAc OAc
o)
6 AC%&M A%‘%&M 3 89 8.3:1
NHAcO Ac NHA OH
11 12 C
AcO OAc AcO
o o
7 K 7 K ?MOH 3 94 1:2
AcO OAc AcO OAc
13 14
o 9Ac :o: oH
8 Q 3 95 11
ACO OAc AcO .6 OAc
15
OAc OAc
o] o)
9 A°°c& OAc A%\%& OAc
AcO, o AcO o
,&%o&g“ ,goﬁ&% 4 85 2:1
17 OAcOAc 18 onc O
10 AcO OAc OhAc AcO OAc OAc
o]
ACO&/O O AcO 0 0 4 86 1.6:1
OAC AcO OA OAc AcO OH
OAc "¢ OAc
19 20
11 OAc OAc
o /é :O
ACAOCO OAc ACAOCO OAc 4 82 1.6:1
AcOgq e} AcOq o)
AcO OAc AcO OAc
AcO AcO
21 oAg OAC 22 ope OH

Thea:p ratio was determined B4 NMR.

To prove the generality of the Hf(Olfased 10- ratios were not affected except that longer readiioe (6-8 h)
deacetylation method, a diverse number of peretetyl was required.
saccharide substrates were subjected to the optnaizeditions.
The results in Table 5 showed that the catalytitiviag of
Hf(OTf), exhibited no difference on- or D-pyranose substrates
(entry 16). Similarly, Hf(OTf), also showed excellent potency
and regioselectivity on furanoses (ents8Y. When disaccharide
and trisaccharide substrates (enthl® were employed, longer
reaction time (4 h) was required and the yields veatg slightly

Driven by our curiosity about how Hf(OTfratalyzes the 1-
O-deacetylation, we gradually added the catalysheo @D,CN
solution of 1,2,3-triacetyl-5-deoxy-ribose (5), the structurally
simplest substrate, and monitored their interastiby both'H
and °C NMR. As shown in Figure 2A, addition of 2 mol%
Hf(OTf), resulted in the appearance of three new groupsaisy
corresponding to different binding modes. When 5I[9%nmo
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Hf(OTf), was added, the peaks of frel5 completely
disappeared. Interestingly, further addition ofabatt simplified
the spectra. When total 25 mol% Hf(Oif)as added, only one
major set of peaks was left (Figure 2A, inset). Duéhe ligation
of 15 with Hf(IV) cation, the peaks of H-1, H-2, and on®CH;
upshifted, while those of H-3, H-4, and the other GOCH;
downshifted.

100 -

80

60 |-

—&— 60°C stir
—e— 60°C ultrasound
—A—70°C ultrasound”

40t

Conversion of 2 (%)

20

0

0 2 s s
Reaction time (h)

Figure 1. The sonochemical effect on Hf(OTBatalyzed 1©-deacetylation of.

#Multiple deacetylated byproducts were observed o@.T

In summary, we have developed an efficient and @é¢ner
protocol for selective anomeric deacetylation ofapetylated
saccharides. Compared to previously reported netals acids,
Hf(OTf), is identified as a much more potent catalyst. Muoeg,
it was found that the assistance of ultrasound nigifeantly
accelerate the deacetylation process. The mechanist
investigations confirmed the hydrolysis nature ik treaction,
and suggested that peracetylated saccharides magirate with
Hf(IV) cation primarily via the anomeric acetate e=active
intermediate species.

4, Experimental section

4.1 General methods

Chemical reagents and solvents were obtained from
commercial  suppliers. Peracetylated saccharides were
synthesized according to a reported metfid§Reactions were
sonicated at 60 °C in an ultrasonic bath (40 KHaygrooutput
600W). All reactions were monitored by thin layer
chromatography on plates coated with 0.25 mm sjj&la60 s,

Moreover, we experimentally determined that 25 mol%T plates were visualized by charring with 20%SB; in

Hf(OTf),-catalyzed selective O-deacetylation of 15 was
extremely fast (30 min) even at room temperatun@icating that

EtOH. All NMR spectra were obtained with a 400 MHz
instrument with chemical shifts reported in parts pallion

the 15-Hf(IV) complex observed should be the active (ppm,s) and referenced to CDEILow-resolution mass spectra

intermediate species. ThHEC NMR data also confirmed the
formation of a dominant binding complex, when 25 %hol

Hf(OTf), was added td5 (Figure 2B). The fact that one acetate

peak was remarkably upshifted from ~172 to ~183 pomd only
0.25 equivalent catalyst was added suggested thliplaul5
possibly coordinated to the hafnium center pringasila the
anomeric acetate. In a control experiment, additbmp to 25
mol% Nd(OTfy, a transition metal Lewis acid with almost no
catalytic activity (Table 1), caused no changehe'H NMR
spectra of fred5 in CD;CN (SI, Figure S1).

A) *
* * * * OAc
_J___J(-__J\JW\NJL * 0
o
N ¢ AcO OAc
T T T T
6.0 5.5 5.0 4.5 4.0

I N U 7N - l !
b

,<,vL_k,,-)L.,Jyubu_.,7)0LMW_<, S

T_l__,q_b‘nu.gu_—[
4| Uﬂ JDL M

15
~MJL25 mol% Hf(OTf)

J*‘t“
‘ [
10 mol% HE(OTH)s
B

~— "5 mol% Hf(OTf)s

S W ,’uml,u

L2 mol% Hf(OTf)

.

No Hf(OTf)s

B)
L - l J— 25 mol% Hf(OTf)a
“ L—No HF(OTH)
Figure 2. *H NMR (A) and**C NMR (B) studies on the interactions of 1,2,3-

triacetyl-5-deoxys-ribose (5) with Hf(OTf)4 in CDsCN.

3. Conclusion

were reported aswz and obtained with an ion trap mass
spectrometer.

4.2 General procedures for Hf(OTf),-catalyzed 1-O-deacetyl-
ation of peracetylated saccharides

To a solution of peracetylated saccharide (2.0 ol
commerical AR grade acetonitrile (15 mL) was addedOHf],
(0.04 mmol). The reaction was sonicated at 60 °CGfar h. The
reaction was cooled to room temperature and triathiyle (0.4
mmol) was added. Then the solution was concentrateter
vacuum. Flash column chromatography on silica getroleum
ether:ethyl acetate = 3:1) affordedOldeacetylated product in
pure form.
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® Hf(OTf), isidentified as a potent catalyst for selective anomeric deacetylation of
peracetylated mono-, di-, and trisaccharides.

® Remarkable sonochemical effect on reaction rate is observed for
Hf(OTf)4-catal yzed regiosel ective deacetylation.

® NMR experimenta data suggest that multiple peracetylated saccharide molecules
may coordinate to Hf(1V) cation via the anomeric acetate as reactive intermediate

Species.



