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The first O-glycosylation of hydroxamic acids is reported.
This process involves the use of glyco®ydphenyl trifluo-
roacetimidates as glycosyl donors in the presence TMSOTf
and 4 A molecular sieves in dichloromethane. Under such
conditions, a wide range of new glycosyl donors including
glucosyl, galactosyl, mannosyl, glucuronyl, and ribosyl
hydroxamates were prepared in good to high yields. This
procedure appears to be an advantageous alternative for th
synthesis of glycosyl hydroxamates of biological interest.
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SCHEME 1. Some Hydroxamic Acid-Containing Drugs
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SCHEME 2. Preparation of Glycosyl Hydroxamates by

Amidation of Carboxylic Acids with O-gLycosyl
Hydroxylamines
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SCHEME 3. Glycosylation Attempts of Hydroxamic Acid 1
under Koenigs—Knorr Conditions
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Surprisingly, despite the rising interest@aglycosyl hydrox-
amates, no direct method for the glycosylation of hydroxamic
acids has been reported in the literature. To date, the sole known

Over the past decade, hydroxamic acid-containing derivatives methodology for preparing such carbohydrate derivatives invol-
have emerged as a class of compounds of great therapeuticaes amidation of the corresponding carboxylic acids v@h

interest especially with respect to inhibition of histone deacety-
lase$ (HDACs) and matrix metalloproteases (MMPs$ome

of them, such as SAH2and Trocadé,are currently undergoing
clinical trials for the indications of cancer and rheumatoid
arthritis, respectively (Scheme 1). More recently, @glycosyl

glycosyl hydroxylamines (Scheme 2)? Therefore, the devel-
opment of an effective glycosylation method of hydroxamic
acids is particularly warranted. This paper reports our investiga-
tions in this area that led with success to the first stereoselective
and high-yieldingO-glycosylation of hydroxamic acids.

hydroxamate counterparts appeared as compounds of biological o initial efforts focused upon the coupling of commercially

relevance too. For example, Trichostatin D, theglucosyl
derivative of the potent HDAC inhibitor Trichostatin A (TSA),

available benzhydroxamic acitl to the well-known methyl
2,3,4-tri-O-acetyle-p-glucopyranosyluronate bromidzal® in

is an inducer of phenotypic reversion in oncogene-transformed o presence of either A@ or AgCOs (Scheme 3). In spite of
cells and as a consequence is expected to be a selectivgggral attempts, using various amounts of glycosyl d@aor

antitumor agent.The glucuronylated derivatives of SAHA and
Trocade are major metabolites of the corresponding drug
substance’ In a recent study, thg-O-galactoside of SAHA
has been reported as a promising prodrug for selective cance
chemotherap¥.
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(ranging from 1 to 2.5 equiv), coupling betwetand2a always
failed and resulted in a complex mixture presumably due to

the instability of the hydroxamic acid toward silver salts. This
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TABLE 1. O-Glycosylation of Hydroxamic Acids with Glucosyl Imidates 8 and 9

Jok 1:R2=Ph
HO. gy 10:R2 = (CH,);CONHPh
H 11:R2=Bn
(1.5 equiv.) 12:R2=CH,
e Tmsort Ohe 13a:R2=Ph
o (1.0 equiv.) o} a ez
AcO 0CXy — ' 5 AcO 0 130 R2=(CH,);CONHPh
Aeo AcO T AcO O SRz 13¢:R2=Bn
NR1 M.S.4A AcO H 13d: R2 = CH,
8:X=ClL,R1=H CH,C,
9a: X =F,R1=Ph -20°Ctor.t.
entry donor acceptor produt8 yield (%) o
1 8 1 13a 80 ponly
2 8 10 13b 54 S only
3 8 11 13c 60 f only
4 8 12 13d 45 B only
5 9 1 13a 97 B only
6 9 10 13b 90 B only
7 9 11 13c 97 £ only
8 9 12 13d 97 B only
SCHEME 4. Glycosylation of Hydroxamic Acid 1 under leading to the 29-deacetylated glucosyl hydroxaméeiewith
Phase Transfer Catalyzed Conditions completef-selectivity though only in moderate yield (31%).
one OAc Initially, the g-stereoselectivity of this glycosylation reaction
i OH o CHCl TBAHS Acoﬂo\ T appeared surprising taking into account the absence of any
©)\ N+ AT M Na,CO, AcO on uJ\© participating group at C-2 in_ the fi_nal produst However, a
) 2';\00 Br rt,4h 5 careful analysis of the reaction mixture allowed the isolation
31% of the O-acetylated hydroxamic acid, which provided us an
OAc o interesting clue for explaining the formation ®f Thus, it may
A o /\ \(0 o be postulated that the synthesis of the later proceeded via the
cO + HO‘N 5 + . .
AcO ) N - O nucleophilic attack of benzhydroxamic addy the-face of
94@“ 7 H the previously formed orthoesté followed by subsequent
6 o’ elimination of 7 (Scheme 4).

hypothesis was supported by TLC analysis that indicated total
consumption ofl under all tested KoenigaKnorr conditions
wherea2a appeared to be mostly unreactive. Thus, to confirm
such a hypothesis, hydroxamic adidvas dissolved in CECN

in the presence of A®. In this case, rapid degradation bf
was observed leading mainly to the formationNyO-diacyl-
hydroxylamine3!! together with several unidentified products.
On the other hand, no degradation was detected without silver
salts. Thus, since further attempts with the more reattive
bromoglucoside2b afforded similar results, we considered it
preferable to employ glycosylation methods avoiding the use
of silver salts as activating reagents.

Further attempts with lower amounts dfwere undertaken
under the PTC conditions described above. However, since all
these experiments affordeglin lower yields, we decided to
turn our attention to other procedures such as imidate-mediated
glycosylations.

Glycosyl trichloroacetimidates, introduced by Schmidt and
co-worker in 198037 are among the most widely used glycosyl
donors!® Such derivatives are easily accessible from the
corresponding 1-hydroxy sugars by treatment with trichloroac-
etonitrile in the presence of a suitable base and require mild
activation conditions, using in most cases TMSOTf og BRO
as promoters.

Thus, to examine coupling reactions between these glycosyl
donors and hydroxamic acids, we first preparedlucosyl

We next investigated glycosylation of benzhydroxamic acid trichloroacetimidate8 from -p-glucose pentaacetate in two
1under phase transfer catalysis (PTC) conditions. This method steps according to literature procedute¥arious substituted
has been used successfully with a wide number of nucleophiIescommerci‘—"”y available hydroxamic acids11, and12 as well
employing bromo sugars as glycosyl donbr&lycosylation a5 the HDAC inhibitor SAHALO were chosen for this study.
was performed with glucosyl bromidb and 5 equiv ofl with As depicted in Table 1, glycosylation reactions were conducted
methylene chloride as the organic phase anM N&CO; as with 1.5 equiv of each hydroxamic acid in the presence of an
the aqueous phase in the presence of tetrabutylammoniurnequimo|ar amount of TMSOTf ah4 A MS at —20 °C in
hydrogen sulfate (TBAHS) as catalyst (Scheme 4). Adté at dichloromethane. In all cases, glycosylations provided the
room temperature, acetobromogluc@sewas totally consumed  correspondingd-glucosyl hydroxamates3 exclusively as the
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TABLE 2. Synthesis of GlycosyIN-Phenyl Trifluoroacetimidates
9a—e

¢}
N—=Q +OH mo\n/c’:a
K,CO, NPh 9a-d
or NPh (2 equiv.) or
AcO cl CF. T~ AcO
(¢] OH '3 CH,Cl, lo} o. _CF.
(2 equiv.) 3hrt 3
NPh e
OAc OAc OAc OAc
OA oM
OAc aco¢ ¢ A0~ OAc o} ©
= - ACO&&,: R A°o% AcO 2
= " AcO AcO AcO AcO
OAc OAc OAc
a b c d
entry sugar produ@ yield (%)

1 p-glucose 9a 929
2 p-galactose 9b 93
3 D-mannose 9c 80
4 p-glucuronic acid 9d 95
5 p-ribose 9e 87

B-anomers in good yields after purification by flash column
chromatography (entries—4).

At this stage, we considered it worthwhile to pursue our
investigations in this direction by studying other imidate
types as glycosyl donors. Within this framework, glycosyl
trifluoroacetimidateS have been recently introduced as val-
uable alternatives to their trichloroacetimidate analogues
and used advantageously in sialylafi®and glycosylation of
amidest® Therefore, to examine the glycosylation of hy-

TABLE 3. O-Glycosylation of Hydroxamic Acids with Glucosyl

Imidates 9a—e

1: R2=Ph
10: R2 = (CH,);CONHPh
(0]
9a-c: R1=CH,0Ac  po_ L 13-15: R1=CH,0Ac
9d: R1=COOMe N R2 46:R1=COOMe
R1 (1.5 equiv.) R1 O
O 0
ACO% O Tusorr Aco%o\N)LRz
NPh (1.0 equiv.) H
or - = or
AcO MS.4A AcO o}
0-_O__CF, CHC, o_0..
T 20°Crort. N R2
NPh
OAcOAc OAcOAc
9e 17
donor yield
entry sugar 9 acceptor product (%) o
1 p-glucose 9a 1 13a 97 ponly
2 D-glucose 9a 10 13b 90 pBonly
3 D-galactose 9b 1 14a 80 pJonly
4 p-galactose 9b 10 14b 69 ponly
5 D-mannose 9c 1 15a 92 oaonly
6 D-mannose 9c 10 15b 84  oonly
7 p-glucuronic acid  9d 1 16a 80 pJonly
8 p-glucuronic acid  9d 10 16b 78 ponly
9 p-ribose 9e 1 17a 81 ponly
10  p-ribose 9e 10 17b 69 ponly

In conclusion, we have demonstrated the first efficient
O-glycosylation of hydroxamic acids with glycosi-phenyl

droxamic acids with such donors we first synthesized the trifluoroacetimidates as sugar donors and TMSOTTf as promoter

novel glucosylN-phenyl trifluoroacetimidat®a in quantita-
tive yield from 2,3,4,6-tetr®-acetylo-glucose andN-phenyl
trifluoroacetimidoyl chloridé® employing the procedure de-
scribed by Yu et al. (Table 2Y.As illustrated in Table 1, use
of donor 9a afforded 8-glucosyl hydroxamate&3 in drama-
tically increased yields X90%, entries 58) compared to
those obtained with trichloroacetimida8(45—80%, entries
1-4).

In light of these results, we next investigat®eylycosylation
of hydroxamic acid4 and10with a range of glycosyl imidates
9 previously prepared in nearly quantitative yields following
the procedure mentioned above (Tablé?).is worth noting
that most glycosyl trifluoroacetimidatéswere not stable for
long periods and consequently were used rapidly after flas
column chromatography purification.

As shown in Table 3, all glycosylation reactions gave good
to excellent yields (6997%) of the expected coupling products,
including the two glycosylated SAHA derivativégb and16b
recently introduced as compounds of biological relevance
(entries 4 and 8, 69% and 78%, respectivé§/)t should be
mentioned that this new glycosylation method brings a real
improvement for the preparation of such SAHA derivatives with

in dichloromethane. This method appears to be general and
appropriate to the preparation of a wide range of glycosyl
hydroxamates. Additionally, since this glycosylation reaction
has been applied with success to the synthesis of glycosyl
derivatives of SAHA, this finding may open a new door for

the investigation of biological properties of this family of

carbohydrate derivatives. Indeed, we believe this glycosylation
method should be very useful for the preparation of glycosyl
of hydroxamic acid-containing drugs.

Experimental Section

General Procedure for the O-Glycosylation of Hydroxamic
Acids. A mixture of glycosyl dono® (1.0 equiv), hydroxamic acid

h _(1.5 equiv), and freshly activadet A molecular sieves (4 g/mmol)

in anhydrous dichloromethane (10 mL/mmol) was stirred at room
temperature fol h under N to remove traces of water, and then
cooled to—20 °C. TMSOTf (1.0 equiv) was added. The mixture
was then allowed to warm to room temperature. After being stirred
for 3 h, the reaction mixture was quenched by the addition gf Et

(1 mL/mmol). The resulting mixture was filtered through Celite
and MgSQ. The filtrate was concentrated under reduced pressure
and then subjected to flash column chromatography.
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