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[ABSTRACT] D-Glycero-D-mannno-heptose 15, 7-bisphosphate (HBPf) is an important intermediate for constructing the core struc-
ture of Gram-negative bacterial lipopolysaccharides and was reported as a pathogen-associated molecular pattern (PAMP) that regu-
lates immune responses. HBPS with 3-O-amyl amine linker and its monophosphate derivative D-glycero-D-mannno-heptose 7-phos-
phate (HP) with 1a-amyl amine linker have been synthesized as candidates for immunity study of HBPS. The O3-amyl amine linker of
heptose was installed by dibutyltin oxide-mediated regioselective alkylation under fine-tuned protecting condition. The stereoselective
installation of 14-phosphate ester was achieved by NIS-mediated phosphorylation at low temperature. The strategy for installation of 3-
O-amyl amine linker onto HBP derivative can be expanded to the syntheses of other conjugation-ready carbohydrates bearing anomer-

ic phosphoester.
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Introduction

Carbohydrate are essential components of biological pro-
cess such as cell recognition, pathogen infection and the im-
mune response 1. In order to identify molecules that bind to

carbohydrates ™

or to raise antibodies against specific
glycans, carbohydrates with orthogonal linkers enable the
conjugation or immobilization of carbohydrates. D-Glycero-
D-mannno-heptose 15, 7-bisphosphate (HBPp) (Fig. 1) is the

precursor for heptose residues that make up the core struc-
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ture of lipopolysaccharides (LPS) of Gram-negative bacte-
ria ®. HBPS can induce an immune response in mice as a
cytosolic pathogen-associated molecular pattern (PAMP) ™.
The structure-activity relationship of HBPS in the immune re-
sponse remains unknown. HBP derivative 1 equipped with an
3-O-amyl amine linker was designed to serve as carbo-
hydrate antigen to induce HBPp-specific antibodies and
identify immunologically important domains of HBPfS. The
amyl amine linker is placed at the C3 position instead of the
anomeric position to retain the anomeric phosphate. D-Gly-
cero-D-mannno-heptose 7-phosphate derivative 2 with a
linker at the anomeric position will be prepared to determine
whether 14-phosphorylation is important for the immune re-
sponse that recognizes HBP.

Although HBPJ had been synthesized enzymatically and
chemically *, the chemical synthesis of HBPf derivative 1
that includes a 3-O-amyl amine linker is still a challenging
task. Firstly, D-glycero-D-mannno-heptose, the core mono-
saccharide scaffold, is a higher carbon chain than common
pentose or hexoses. Secondly, phosphate groups placed at the
C1 and C7 positions are less stable than other carbohydrate
modifications such as acetamido and acetyl groups . Ano-
meric phosphates are good leaving groups for glycosylation
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Fig. 1 Retrosynthetic analysis of HBP f-3-O-linker 1 and HP-1a-O-linker 2

reactions ™. Thirdly, the 15 phosphate ester linkage is diffi-
cult to construct on mannose-type sugars as a consequence

of the anomeric and the neighboring-group participation ef-
91

fects ©'. While chemical syntheses of mannose 14-phos-
phates and heptose 14-phosphates have been studied for dec-
ades """, still no general approach for the formation of man-

nose-type f-phosphate ester linkages exists. Finally, the al-
kylation of the 3-hydroxyl group is a challenging task due to
possible steric effect and protecting group influence.

Result and Discussion

Synthesis of HBPf -3-O-amyl amine 1

The retrosynthetic analysis reveals that both targets,
HBPp-3-O-linker 1 and HP-1a-O-linker 2, can obtained from
common intermediate 3 (Fig. 1). In turn, D, D-Hep 3 can be
synthesized from D-mannose using methods we established
previously ",
Regioselective O7-silylation of diol 3 in the presence of

tert-butyldiphenylsiyl chloride (TBDPSCI) gave the silyl eth-
er 4 in 83% yield (Scheme 1). The C6 hydroxyl group was
benzylated to afford 5 in 89% yield. Subsequently, the 2- and
3-hydroxyl groups were deprotected by the treatment of 80%
aqueous acetic acid at 60 °C to give diol 6 in moderate yield.
Regioselective installation of a 2-naphtylmethyl (Nap) group
at the O3 position by treatment with dibutyltin oxide and 2-
naphtylmethyl bromide gave compound 7 in 87% yield. The
2-O-benzylation was achieved in 81% yield with benzyl
bromide and sodium hydride. O3-Nap was subsequently re-
moved by 2, 3-dichloro-5, 6-dicyano-1, 4-benzoquinone
(DDQ) to give 9 in 68% yield. With alcohol 9 and triflate
linker 10 in hand, O3-alkylation commenced. Coupling of 9
with linker 10 using sodium hydride as a promoter in anhyd-
rous DMF failed to furnish target product 11 as only starting
materials were recovered. Since the steric hindrance of the C3-
hydroxyl group in 9 may be an obstacle for O3-alkylation, re-
action conditions for heptose needed to be adjusted to de-

HO TBDPSQ TBDPSQ
OH Ref. 13 HO«,,{ o TBDPSCI, imidazole  HO,,, 0 NaH, BnBr BnO/,
OH — /O DME, r.t., 4 h /io  DMFErt,2h_
HO 0O Bnogx BnOO’X ROV BnO’x
H
0 OH SEt SEt
D-Mannose 3 4
Bu,SnO, Toluene reflux; TBDPSO,
80% CH,COOH then NapBr, CsF, CH,CN NaH, DMF BnO,
60°C,12h Toluene, 75 °C,12 h BnBr, rt., 2 h " OB
DDQ, H,0, DCM NaH, DMF
rt.,5h rt.12h
68% Q T Q
? CbZBnN’HS\OTf
SEt
SEt 10 4/_/_/
9 CbzBnN 1

Scheme 1 Attempted synthesis of thioglycoside intermediate 11

®
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crease steric crowding at the O3 position.

Inspired by the regioselective O3-benzylation and O3-
naphtylmethylation of 2, 3-dihydroxyl-mannose mediated by
dibutyltin oxide ™, the regioselective installation of 1-bro-
moamyl amine linker 13 " on 2, 3-dihydroxyl-heptose was
studied (Table 1). Diol 6 bearing TBDPS at the O7 position
was treated with dibutyltin oxide and amine linker 13 to af-
ford compound 14 in 41% yield. It should be noticed that TB-
DPS is a bulky protecting group that may affect the reaction
efficiency by steric hindrance. Diol 12 ™ bearing the smaller
Nap group at the O7 position was synthesized to optimize this

Table 1 Regioselective installation of amyl amine linker at
the C3 position

RO,

Bu,SnO, Toluene, reflux;
then 13, TBAI CH,CN BnO,,

Toluene 75 °C, time BnO
O
J_/_/ SEt
14
CbzBnN 15
R t/h Product  Yield/%"

1 6 TBDPS 24 14 41
2 12 Nap 12 15 95

*all yield correspond to chromatographicallypurified product; 13: Cbz-
BnN(CH,);Br

regioselective alkylation. The desired compound 15 contain-
ing 3-O-amyl amine linker was successfully obtained in 95%
yield, demonstrating that the low reactivity of the C3 hy-
droxyl group can be mainly attributed to a steric effect.

Benzylation of 15 with benzyl bromide in the presence of
sodium hydride was followed by removal of O7-Nap with
DDQ (Scheme 2). Phosphorylation of alcohol 17 using 1H-
tetrazole as activator and subsequent oxidation with ¢-
BuOOH "% afforded desired phosphate-diester-containing 18
in 61% yield. Subsequently, the anomeric thioethyl group in
18 was removed using N-bromosuccinimide to give hemi-
acetal 19 in 87% yield.

With hemiacetal 19 in hand, introduction of the phos-
phate group at the anomeric position under Mitsunobu reac-
tion conditions """ was studied (Table 2). Different phos-
phines and solvents were tested based on Fujumoto’s previ-
ous work P, Unfortunately, biphosphate product 20 was pro-
duced in low yield and poor f-selectivity under these reac-
tion conditions. The configuration of newly formed glycosid-
ic bonds in 20a and 20b was clearly confirmed by anomeric
proton Jey coupling of 176 Hz (for a-isomer) and 160 Hz
(for p-isomer). A comparison between compound 19 and re-

[5]

ported substrates " of Mitsunobu reaction showed that the

problems are likely caused by the presence of the 3-O-linker
in 19.
Alternatively, NIS-mediated glycosylation of thioglycos-

[18]

ide 18 with dibenzyl phosphate was chosen to form the

®

Table 2  Efforts toward 1p-phosphate group via a Mitsun-
obu reaction

O DIAD, Et,N

/) ) B

BnO-g_oBn Phosphin}e,
Solvenﬁir.t., o

160 4AMS B0, 0B,

BnO Q (?E)n

o P
OH 4/_/_/ 0" 0OBn
CbzBnN 2

(0]
BnO~ I;/— OBn
/

CbzBnN 19 0a (a isomer)
20b (f isomer)
Entry  Phosphine  Solvent  Yield/%'  20a/20b (a/8)
1 n-BusP DCM 15 13:1
2 n-Bu;P CH;CN trace’ /
3 n-BusP Toluene 7 12:1
4 Ph;P DCM 11 12:1

* All yield correspond to chromatographically purified product; * The
ratio is determined after isolation; ¢ Trace amount of 20a and 20b
was detected by LC-MS

Table 3 Synthesis of compound 20a and 20b

o
OBn
9 HO- P\OBn BnO 4

NIS,Solvent, d

Q
O
J_/—/ SEt J_/_/ 0" bBn
CbzBnN 18 CbzBnN

20a (o isomer)

20b (p isomer)
Entry T'/°C Solvent  Yield/%"  20a/20b (a/f°)
1 0 DCM 64 6:1
2 0 CH;CN 21 7:1
3 -20 DCM 91 25:1

* T, reaction temperature; " All yield correspond to chromatogra-
phically purified product; ® The ratio is determined after isolation

anomeric phosphate group (Table 3). The coupling of 18 and
dibenzyl phosphate under 0 °C using DCM as solvent gave 20
in 64% yield (a/ff = 6 : 1). Surprisingly, the glycosylation in
CH;CN, a well-known f-selectivity-enhancing solvent, at the
same temperature gave biphosphate 20 in lower yield and f-
selectivity. Significantly, the yield and f-selectivity of ano-
meric phosphorylation in DCM was promoted by decreasing
the reaction temperature to —20 °C. The final global deprotec-
tion of desired 20b was achieved under Pd(OH),/C and H,
condition to give 1 in 72% yield (Scheme 3).
Synthesis of HB-1o-amyl amine 2

Compound 21 " was readily synthesized in three steps
from 12 (Scheme 4). The phosphate ester at C7 was installed
under the same phosphorylation condition as during the syn-
thesis of 18 to give 22 in 75% yield. The final deprotection
was subsequently performed in the presence of Pd/C and H,
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Scheme 4 Synthesis of monophosphate HBP derivative 2

to give 2 in 71% yield.
Conclusion

The carbohydrate antigens D-glycero-D-mannno-hep-
tose 1f, 7-bisphosphate 1 containing a 3-O-amyl amine linker
and D-glycero-D-mannno-heptose 7-phosphate 2 equipped

with an O-amyl amine linker at the anomeric position were
synthesized from D-mannose. Installation of the amyl amine
linker at C3 position of heptose was achieved efficiently by
dibutyltin oxide-mediated regioselective alkylation under fine-
tuned protecting condition. The 14 anomeric phosphoester
was obtained by optimized NIS-mediated phosphorylation
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condition in good yield and stereoselectivity. The synthetic
HBP derivatives 1 and 2 can be conjugated and immobilized
via the amine linker to facilitate subsequent biological stud-
ies. The synthesis of HBP derivative 1 equipped with an 3-O-
amyl amine linker will serve well for the syntheses of other
conjugation-ready carbohydrates bearing anomeric  phos-
phoester.

Experimental

All detailed experimental data were provided in supple-
mentary material, and can be requested by sending E-mail to
the corresponding author.
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