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ABSTRACT: A synthesis of the branched tetrasaccharide fragment of saccharomicin A using 1-OTBS donors to stereoselectively
synthesize both a- and p-linked disaccharides is reported. The disaccharides were united using BSP/Tf,O to afford the
tetrasaccharide fragment as a single a-anomer in 72% yield. This branched tetrasaccharide fragment can be used as donor and

acceptor species to synthesize larger fragments of saccharomicin A.

S accharomicin A is a heptadecasaccharide isolated by Kong
and co-workers' that possesses broad spectrum antimicro-
bial activity against both Gram-positive and Gram-negative
pathogens (Figure 1).” The continued global threat of
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Figure 1. Structure of saccharomicin A 1. The target branched
tetrasaccharide fragment is colored red.

antimicrobial resistance has created a pressing need for new
antimicrobials,>™® and saccharomicin A or its analogue holds
promise to help fill this role. Before saccharomicin can serve as
a lead compound, however, it will be necessary to develop a
route that is flexible enough for analogue production. While
the glycosyltransferases responsible for the installation of the
sugars have been identified, the complete biosynthesis has yet
to be elucidated.>* As a consequence, the saccharomicins
continue to attract attention from the synthetic community.”~*
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Our group has had an ongoing interest in the total synthesis
of saccharomicins.”™"" To date, we have synthesized three
fragments corresponding to Fuc-5-Sac-7, Eva-9-Dig-10, and
Fuc-12-Eva-17. While the Fuc-5-Sac-7 and Fuc-12-Eva-17
fragments are set for elaboration into either saccharomicin, the
branched tetrasaccharide connecting these residues has yet to
be synthesized. Here we report the first synthesis of the Eva-9-
Sac-11 fragment of saccharomicin A (Figure 1). Notably, this
fragment is ready for conjugation to the other saccharomicin
fragments our group has synthesized.

Retrosynthetically, we envisioned that 2 would arise form a
[2+2] coupling between disaccharides 3 and 4 (Scheme 1).
Disaccharide donor 3 would arise through reaction between
donor § and acceptor 6 using Lewis acid-mediated activation
as described by Monneret and later utilized by us in our
synthesis of the Fuc3-Sac7 fragment of the molecule."” In a
similar vein, union of donor 8 with acceptor 7 would afford 4.

In the forward direction, we chose to use compound 6 as an
acceptor as we reasoned that the C2 and C3 benzoates would
be easier to remove in our end game than the Piv ester and
benzyl ether used in our previous synthesis.'” Compound 6
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Scheme 1. Retrosynthesis of the Branched Tetrasaccharide
Fragment
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was synthesized through a modification of a literature
procedure (see the Supporting Information)."” Initially, we
sought to synthesize 3 using our method for the synthesis of
the Sac-7-Rha-6 disaccharide, but the change in the protecting
group led to the synthesis of 3 in only 46% yield with the
major byproducts being species resulting from the degradation
of § (Table 1, entry 1)."° Increasing the amount of donor from

Table 1. Optimization of the f-Stereoselective Glycosylation
of 1-O-TBS p-Saccharosamine Donor 5 with 1-Rhamnose

Acceptor 6
o z

BF3°OEt; (2 equiv)

0 CH,Cly, -15“C 100 °C
ACO$\\/0TB SRS 2

N3
s Ho ZR
BzO OBz
entry $:6 ratio yield of 3 (%)
1 3:1 46 (f3 only)
2 4:1 31 (f only)
3 1:3 75 (f only)

3 to 4 equiv resulted in a further decrease in the yield of 3 and
a subsequent increase in the level of degradation of § (Table 2,
entry 2). In an effort to improve the yield and prevent
degradation, we next examined using acceptor 6 in excess
(Table 1, entry 3). Pleasingly, this strategy worked, and we
were able to obtain the target disaccharide in 75% yield as a
single f-anomer.

We next turned our attention to the construction of 4. To
this end, we chose to use acceptor 7 to minimize protecting
group manipulations later in the synthesis. Compound 7 was
synthesized through a modification of a literature procedure
(see the Supporting Information).""” Initial attempts to unify
7 with hemiacetal 8 using our previously reported oxalyl
bromide/cyclopropenethione 10 chemistry proved to be
problematic upon scale-up (Scheme 2).” In an attempt to
find a more robust chemistry, we were again attracted to the
work of Monneret, who demonstrated that 1-OTBS donors
possessing equatorial azide at position 3 reacted with
nucleophiles to afford a-linked products.'

We therefore turned our attention to using 1-OTBS
glycoside 11 as a donor. To this end, TBS protection of the
anomeric hydroxyl in 8 afforded 11 in 92% yield (Scheme 3).
We initially attempted the glycosylation of 11 with 7 at —78
°C in CH,CI, for 16 h, which afforded disaccharide 9 in 70%
yield and moderate selectivity (4:1 a:f3) (Table 2, entry 1). To
improve the a selectivity of the reaction, we attempted to take
advantage of the “ether effect” by using THF as a co- -solvent.'®
Unfortunately, using a 1:1 CH,Cl,/THF solvent ratio resulted
in no product formation (Table 2, entry 2). Reasoning that the
low selectivity may be the result of in situ anomerization, we
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Scheme 2. Synthesis of a(1,4)-Linked 4-epi-L-Vancosamine
p-Fucose Disaccharide 9a
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Scheme 3. Synthesis of a(1,4)-Linked 4-epi-L-Vancosamine
p-Fucose Disaccharide 4

TBSCI (2 equiv)

OH  imidazole (2 equiv)
M CH,Cly, 23 °C WOTBS
BnO. BnO.
N3 92% N3
8 1 oBn
0Bn N
TMSOTF (0.3 equiv) oy
1 CHiClh78°C Ns .
9
HO o d

0,
Napo%sph
7

0Bz

DDQ (2 equiv)
CH,Cl,-H,0 (20:1), 23 °C

o 69%

Table 2. Optimization of the a-Stereoselective
Glycosylation of 1-O-TBS 4-epi-L-Vancosamine Donor 11
with p-Fucose Acceptor 7

entry time (h) donor:acceptor yield of 9 (%) (a:f)
1 16 1:2 70 (4:1)
2° 16 1:2 NR”
3¢ 16 1:2 NR”
4 8 12 64 (16:1)
S S 1:2 93 (8:1)
6 5 1:15 92 (8:1)

“The reaction is run with the addition of TTBP. ®No reaction. “With
a 1:1 CH,Cl,/THF solvent.

added the proton scavenger 2,4,6-tri-tert-butylpyrimidine
(TTBP) to the reaction mixture; however, this led to no
product formation (Table 2, entry 3). Shortening the reaction
time to 8 h improved the selectivity of the reaction, albeit with
a small decrease in the yield (Table 2, entry 4). A further
decrease in the reaction time to S h led to the production of 9
in 93% yield as an 8:1 (@:f) mixture of anomers (Table 2,
entries S and 6). Removal of the Nap ether using DDQ in a
20:1 CH,Cl,/H,0 solvent afforded disaccharide acceptor 4 in
69% yield (Scheme 3)."7'*

With both coupling partners in hand, we turned our
attention to the synthesis of the branched tetrasaccharide
fragment of saccharomicin A 2. On the basis of our previous
experience with the saccharomicins, we sought to unite these
fragments using benzenesulfinyl piperidine (BSP) and triflic
anhydride (T£,0)."”"**° To this end, we reacted disaccharide
donor 3 with BSP and Tf,0 in the presence of TTBP before
adding disaccharide acceptor 4 (Scheme 4). Unfortunately, all
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Scheme 4. Initial Attempts to Synthesize the Branched
Tetrasaccharide Fragment 2
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attempts to use this chemistry led to degradation of the
coupling partners through intramolecular aglycone transfer.”!
Further attempts to unite 3 and 4 using N-iodosuccinimide/
triflic acid (NIS/TfOH) failed to deliver any product.
Reasoning that the aglycone transfer process could be
suppressed by using a different, less reactive aglycone, we
converted 9e into 1-OTBS glycoside 13 (Scheme S). To this

Scheme 5. Synthesis of Disaccharide Acceptor 13 and
Synthesis of Branched Tetrasaccharide Fragment 2
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end, a two-step sequence involving N-bromosuccinimide-
mediated (NBS) thioglycoside hydrolysis followed by TBS
protection afforded 12 in 78% yield over two steps (Scheme
S). As with our previous studies, the 1-OTBS glycoside was
formed as a single # anomer. Removal of the Nap protecting
group using DDQ_in a 20:1 CH,CL,/H,0 solvent afforded
acceptor 13 in 78% yield (Scheme 5). With the new
disaccharide acceptor in hand, we again turned our attention
to the synthesis of the tetrasaccharide.'”*° To our delight, with
the new 1-OTBS acceptor, we were able to unite 3 and 13 to
afford 2 in 72% yield as a single a-anomer (Scheme 5).

In conclusion, we have synthesized the branched tetrasac-
charide fragment of saccharomicin A. Key to this synthesis was
the use of 1-OTBS glycoside activation for the construction of
both a-linked Eva-9-Fuc-8 9« and f-linked Sac-11-Rha-10 3.
Both reactions were highly selective, although the underlyin§
cause of the different selectivities is unclear at this time.'
Notably, this advanced fragment is properly functionalized to
permit the construction of the FucS5-Eval7 fragment of the
saccharosamine backbone, bringing us one step closer to the
completion of the total synthesis.
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