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Abstract — An efficient trifluoroacetamido-etherification of glycals was achieved
using N-acyliminoiodinane and various alcohols under photo-irradiation. This
reaction was successfully applied to the efficient synthesis of biologically active

compounds.

INTRODUCTION

Sugar moieties in living organisms have a close relationship with biological activity.
2-Amino-2-deoxysugar derivatives are one of the most significant class of sugars because they play an
important role as receptor ligands for proteins such as enzymes,! antibiotics? and lectins,® and take part in
antibody-antigen interactions.? Furthermore, they are ubiquitous among living bodies in the form of
glycoconjugates,® glycosaminoglycans,® and blood group oligosaccharides.” Chemical synthetic methods
of oligosaccharides containing 2-amino-2-deoxysugars have been developed because of their attractive
bioactivity and functionality.? Among them, we focused closely on
2-(N-trifluoroacetamido)-2-deoxysugar because the introduction of a fluorine atom into bioactive
compounds often alters their chemical and physical properties (e.g., increased bioavailability and
metabolic stability).2 In fact, the N-trifluoroacetamido group sometimes offers improved biological
activity,!’ relatively easy manipulation and deprotection, making it easier to synthesize complex
molecules.!! A variety of glycosyl donors bearing an N-trifluoroacetamido group with a suitable anomeric
leaving group have been developed, and glycosylation can occur through the oxazoline intermediate
bearing a trifluoromethyl group.l2 Such glycosylation methods often require the preparation of a specific
glycosyl donor in multi-steps and/or result in a low yield transformation (Scheme 1la). Carreira and
co-workers reported the N-functionalization of glycal derivatives employing a stoichiometric manganese
nitrido complex,’2 but the glycosyl acceptor was limited to a thiol (Scheme 1b). Recently, we have
developed a newly designed N-acyliminoiodinane 142 as an N-trifluoroacetylnitrene equivalent'® that

can be activated under photo-irradiation to react with the glycal. A subsequent treatment with
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O-nucleophiles in the presence of a catalytic amount of Lewis acid then gives the
2-(N-trifluoroacetamido)-2-deoxyglycoside (Scheme 1c).1#® This method can directly introduce the
N-trifluoroacetamido group into a glycal derivative. Additionally, this transformation requires no
iminoiodinane activator except for ultraviolet photo-irradiation. In this paper, we describe our efforts
toward improving the chemical yields in detail, broadening the scope, and the application of this facile

method toward the efficient synthesis of bioactive compounds.

(a) glycosylation method (Ref 12)
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Scheme 1. Synthetic methods for 2-(N-trifluoroacetamido)-2-deoxyglycosides

RESULTS AND DISCUSSION

We first examined the reaction of N-acyliminoiodinane and the galactal derivatives 2—4 (Table 1). As
described in our preliminary communication,'* 2 was treated with N-acyliminoiodinane 1 under UV light
irradiation (A = 365 nm) in acetonitrile. A sequential treatment with three equivalents of 2-propanol (5a)
in the presence of 20 mol% of BF3-OEt, gave the amino sugar conjugate 9, whose protecting group at the
C3-position was found to be removed (Table 1, entry 1). Different solvents were investigated and
dichloromethane gave the desired amino sugar conjugate 6a with complete a-selectivity,’> albeit in low
yield (Table 1, entry 2). During the optimization of the reaction conditions, we noticed that the oxazoline

intermediate decomposed in the presence of water. Specifically, a ring-opening of the oxazoline
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intermediate and the removal of an N-trifluoroacetyl group were observed when the oxazoline
intermediate was treated with an excess amount of water to give the 2-amino-2-deoxysugar 10 (Scheme
2). This result suggests that the oxazoline intermediate is not stable and the N-trifluoroacetyl group can be
easily removed. Thus, we added 4A molecular sieves (MS) as a desiccant after photo-irradiation, but this
addition completely inhibited the subsequent reaction with 2-propanol (5a) presumably because of the
basic property of 4A MS (Table 1, entry 3). The use of a stoichiometric amount of trimethylsilyl
trifluoromethanesulfonate (TMSOTY) was found to promote the reaction with 5a even in the presence of
4A MS to afford the desired product 6a in 36% yield (Table 1, entry 4). By replacing the 4A MS with
acid washed molecular sieves (AWMS), the amount of TMSOTT could be reduced to 20 mol% without a
decreased yield of 6a (Table 1, entry 5). Also, the addition of AWMS before the photo-irradiation further
improved the chemical yield of 6a (Table 1, entry 6). Changing the protecting group of the hydroxy group
at the C-3 position did not improve the yield of the corresponding 2-amino-2-deoxyglycosides 7 and 8,
and the triisopropylsilyl (TIPS) group was the choice of the protecting group among the tested protecting
groups (Table 1, entries 7-8 vs entry 6). Finally, we found that the replacement of AWMS with SA MS
increased the yield of the amino sugar conjugate 6a to 68% yield (Table 1, entry 9).

Table 1. Optimization of the reaction condition for photo-induced aminoetherification

) Bu
Bu . i ¢ L
L 1 (2.0 equiv) PrOH (5a)  'Bu~Si-.4
fBU’SlC‘)o black light (3.0 equiv) o
o solvent, 0 °C, 3 h Lewis acid OGP
OGP — (20 mol%) CF-COHN L;
additive, rt, 1 h 3 O'Pr
2 (PG =TIPS) a-only
3 (PG =TBS) 6a (PG = TIPS)
4 (PG = TBDPS) 7 (PG = TBS)
(1.0 equiv) 8 (PG = TBDPS)
9 (PG = H)
entry PG solvent Lewis acid additive  productl@
1 TIPS MeCN BF3*OEt, none 9 (33%)
2 TIPS CH,Cl, BF3*OEt, none 6a (11%)
3 TIPS CH,Cl, BF3°OEt, 4A MS N. Al
4 TIPS CH,Cl, TMSOTH! 4A MS 6a (36%)
5 TIPS CH,Cl, TMSOTf AWMS 6a (36%)
6lel TIPS CH,Cl, TMSOTf AWMSIE  6a (58%)
7 TBS CH,Cl, TMSOTf AWMSIE 7 (31%)
8 TBDPS  CH,Cl, TMSOTf AWMSIEl 8 (49%)
9 TIPS CH,Cl, TMSOTf 5A MS[cl  6a (68%)

[a] Isolated yields. [b] 1.0 equiv of LA was used. [c] Additive was added before
the black light irradiation. [d] Not applicable. [e] Original conditions as reported in
ref. 14a.
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Scheme 2. Reaction in the presence of H2O
With the optimized reaction condition in hand, we then investigated the substrate scope of alcohols as the
glycosyl acceptor. Reaction of the galactal derivative 2 with alcohols Sb and Sc¢ smoothly proceeded to

give the corresponding galactosamine derivatives 6b and 6c in good yields (Table 2). In all cases, the

products were obtained as single a-isomer, due to the 4,6-O-di-tert-butylsilylene group. '

Table 2. Substrate scope for photo-induced aminoetherification of galactal derivatives®

fBu . :BU

i Bu-Sij-
Bu-Si~o 1 (2.0 equiv) ROH 3100

0 black light (5b,5¢)

o}
TIPSO _\  CHCl, 5A MS TMSOIf TIPSO
0°C,3h (20 mol%) CF3COHN
i, 1 h OR
2 (1.0 equiv) 6b,6c

NHCbz
HO.__~
~">co,Me

5b (1.0 equiv): 71% (a-only) 5c (1.0 equiv): 66% (o-only)

[a] Yields of isolated products in 2 steps

We then focused on the reactivity of the alcohols with glucal derivatives (Table 3). Under the optimized
reaction conditions, the reaction of glucal derivatives 111¢ with a series of primary, secondary and tertiary
alcohols (12a-d), as well as phenolic alcohols (12e, 12f), a serine derivative (12g) and sugar derivatives
(12h, 12i), afforded the corresponding glucosamine derivatives 13a-i as major products? in moderate to
good yields.!® Notably, the sugar derivative 12i gave the desired disaccharide 13i in good yield because

12i was reported to be degraded under the aminoetherification condition using ruthenium catalysis.!?
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Table 3. Substrate scope for photo-induced aminoetherification of glucal derivatives!®!

JH7-H2 = 8.2-8.8 Hz JH1-H2 <04 Hz
f 4
Bu 12,0 equi Bu Bu
| .0 equiv) ROH I I
- Si- black light (12a-i)  Bu~S~0\ 4 gu-Si~o\ NHCOCF;
Bu~>{~0 o _ o) o) o o)
9 TIPSO OR + TIPSO H
TIPSO —  CH,Cl,, 5A MS TMSOTf CF.COHN H
. 0°C,3h (20 mol%) 3 H ~TOR
11 (1.0 equiv) rt, 1h 13a-i 14a-i
0T "0 O
12alt] 12blt! 12clb! 124! 12¢lc]
78% 75% 67% 68% 61%

(d.r. 86:14) (d.r.85:15)  (d.r.86:14)  (dr. 87:13)  (d.r. 85:15)

0.0
HO BN O0._..OMe
HO NHCbz /j;) >< HO '
: "o . ,
Ho\/\C02Me 0 BnO' ‘OBn
(@]
ﬁ' OBn

13c (CCDC 1937266)

12l 12gdl 12hlcl 12il
58% 66% 58% 64%
(d.r. 85:15) (d.r. 85:15) (d.r. 85:15) (d.r. 85:15)

[a] The ratios of 13 : 14 (d.r.) were determined by "H NMR. [b] 3.0 equiv of 12 was used. [c] 1.0 equiv of 12 was used.

Finally, the synthetic potential of this reaction was demonstrated through the efficient synthesis of a
potent ligand to the asialoglycoprotein receptor (ASGPR) (Scheme 3). The amino sugar derivative 15
bearing an N-trifluoroacetamido moiety is known to be a more potent ligand to ASGPR than its
N-acetamido counterpart.!®® However, the synthesis of 15 required extensive manipulation of the
protecting group and removal of N-Cbz protection. Additionally, it gave excessive O-trifluoroacetylation,
which should subsequently be removed. We envisioned that our direct N-trifluoroacetamido introduction
method offers efficient access to amino sugars bearing the N-trifluoroacetamido moiety (Scheme 3). To
this end, we first investigated the aminoetherification reaction of galactal derivative 2 with alcohol 16 to
furnish the desired galactosamine derivative 17 in 51% yield as a single a-isomer. The deprotection of
three hydroxy groups at the C3, C4, and C6 positions were achieved by the treatment of 17 with
tetra-n-butylammonium fluoride (TBAF) to furnish the corresponding triol 18 in 77% yield. The primary
alcohol moiety of 18 was selectively oxidized by the combination of 2,2,6,6-tetramethylpiperidine-1-oxyl
(TEMPO)/NaCIO in the presence of a catalytic amount of tetra-n-butylammonium bromide
(TBAB)/KBr2 to give the corresponding aldehyde, which was then reacted with the Ohira-Bestmann
reagent 19 under basic conditions?! to afford the alkyne 20 in 79% overall yield. The copper(I)-catalyzed
ligation of alkyne 20 with azide 21 proceeded efficiently to afford the corresponding triazole 22 in 78%
yield.22 Finally, the reductive cleavage of the O-benzyl group and N-Cbz group proceeded selectively
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using the combination of palladium black and HCO>NH4 to give the target product 15 in 54% yield.

In conclusion, we developed a photo-irradiation-promoted aminoetherification of glycals using
N-acyliminoiodinane and various alcohols. This kind of transformation may provide easier access to
2-(N-trifluoroacetamido)-2-deoxyglycosides, contributing to the efficient investigation of bioactive
compounds in the field of medicinal chemistry. Further investigation into the mechanistic studies of the

reaction of N-acyliminoiodinane is underway.

t
By t . Ho§H
I BU‘Si\O o
B8u-Si~o a) 1, black light; o) 0
N b) TBAF HO
o then TMSOTf ° CF3COHN Hn
TIPSO 3 -
TIPSO —* oBn CFLCOHN ) (?)Bn _— O._~_-NBnCbz
HO.__“.__NBnCbz TN
16 (51%) (77%)
e) CuSO, OMe
Na- bat
aeascorbate H\O\\
N=N o
N ~ N-Bn 5 N3 HO QBn C) TEMPO, NaClO
21 CFsCOHN G 2 _NBncbz _ "BrTBAB
20 d) K2003
(79% over 2 steps) O O
“<0Me
OMe
N N,
Ho N7 ‘N/Q H. N N N2 19
0 \— OMe ) Pd black 0 \= OMe
o) HCO,NH, ’ 0
"o QBn CS COHN on
CF3COHN O._~~_NBnCbz 3 O _~~_NHBn
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Scheme 3. Synthesis of bioactive compound 15; Reagents and conditions: (a) 1 (2.0 equiv), UV light,
AWMS, CH>Clp, 0 °C, 3 h; then 16 (1.0 equiv), TMSOTT (20 mol%), rt, 1 h, 51%; (b) TBAF (5.0 equiv),
THF, rt, 12 h, 77%; (c) TEMPO (5 mol%), NaClO-H>O (1.2 equiv), KBr (10 mol%), TBAB (5 mol%),
DCM-sat. ag. NaHCO3, 0 °C to 1t, 2 h; (d) 19 (1.2 equiv), KoCOs (2 equiv), MeOH, rt, 4 h, 79% for the 2
steps; (e) 21 (2.0 equiv), CuSO4-H20 (10 mol%), TBTA (10 mol%), Na-ascorbate (20 mol%),
MeOH/H,0 (20:1, v/v), rt, 30 min, 78%; (f) Pd black (16 equiv), HCO2NH4 (53 equiv), MeOH, tt, 6 h,
54%.

EXPERIMENTAL

Optimized general procedure for the photo-induced aminoetherification of glycals

A mixture of glycal 2 or 11 (0.1 mmol, 44.3 mg), iminoiodinane 1 (0.2 mmol, 71.8 mg) and activated
molecular sieves SA (MS 5A, 50 mg) in dry CH2Cl» (2.0 mL) was stirred at room temperature for 30 min.

The reaction mixture was then cooled to 0 °C and stirred at the same temperature for 6 h under UV light
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irradiation (A = 365 nm) while the consumption of glycal was monitored by TLC. To the resulting

mixture, was added alcohol (0.1 mmol or 0.3 mmol), and the whole mixture was stirred at room

temperature for 30 min before the addition of TMSOTT (0.02 mmol, 3.6 pL). The reaction mixture was

further stirred at room temperature overnight. After concentration of the solvent under reduced pressure,

direct purification by flash column chromatography on silica gel gave the desired amino conjugate 6 or

13.
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