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Uridine 37-(2-acctamido-2,6-dideoxy-B-1-galactopyranosyvl)  diphosphate (uridine
3 -diphospho- V-acetyl-B-1.-tucosamine) was synthesized. The key intermediate. 3.4-di-0-
acetyl-2-azido-2 6-dideoxy-B-1 -zalactopyranosyt dibenzyl phosphate. was prepared by a previ-
ousty unknown reaction of cesivm dibenzyl phosphate with the corresponding a-glycosy!
aitrate and was then converted into the A-acetvlated glyveosyl phosphate and nucleoside
diphosphate sugars vig 3.4-di- O-acetyl-2-amino-2.6-dideoxy-8-1 -galactopyranosy ! phosphate
using mild A-acetylation and O-deacetylation as the last synthetic steps.

Key words: glvcosyl phosphates, sugar pucleotides. amino sugars, N-acetyvl-i-fucosamine.

phosphorvlation.

2-Acctamido-2.6-dideoxy-L-galactose (N-acetyl-i-
fucosamine) is a component of many O-specific and
capsular bactenal polysaccharides. which are character-
istic antigens of microorganisms.! In particular, the
N-acetyl-L-fucosamine residue is a part of the capsular
polysaccharides trom  Srapinviococcus *aureus types 3
and $:2 more than 70% of strains isolated in staphylo-
coccal infections belong to these types. The nature of the
activated precursor of this monosaccharide during bio-
synthesis of these polymers still remains unclear, al-
though it has been suggested that this role could be
played by wuridine 37-(2-acctamido-2,0-didcoxy-B-t.-
galactopyranosyl) diphosphate (1.3 At present, we are

investigating the biosynthesis of capsular polysucchandes
from staphylococci. In this communication. we describe
the first chemical synthesis of compound 1. Some results
were reported in the preliminury communication.

o
NH
o 0
S L
Me~7 07 ~0—P—0—P— NS0
NHAch . U °
a
L OH
1 HO OH

Published in Jovestiva Akudemii Nauk. Seriva Khimicheskaya, No. 1, pp. 1919—1923, November. 2000,
1066-3255/00/4911-1891 $23.00 € 2000 Kluwer Academic/Plenum Publishers



18§92 Russ.Chem Bull., Int.Ed.. Vol. 49, No. 11, November, 2000

arionoy er af.

N-Acctyl-t-fucosamine derivatives were svnthesized
starting from 3,4-di- O-acetyl- 1. 5-anhydro-2.6-dideoxy-
U-fyxo-hex-1-cnmitol (3,4-di-O-accetyl-L-fucal. 2), which
was prepared by the reaction of 2.3 .4-tri- O-acetyl-a-1.-
fucopyranosyl bromide with Zn in EtQAc in the pres-
ence of M-methylimidazole: the procedure was similar to
that described® tor 2,3.4.6-tetra- O-acetyl-u-p-gluco-
pyranosyl bromide. Azidonitration of tucal 2 carried out
as described previoushv® gives rise to 2-azido-3.4-
di- 0-acetyl-2-deoxyv-w-r-fucopvranosyl nitrate (3a)
(Scheme 1), which s casiiy isolated in the crystailine
state. The synthesis of B-phosphate 3 trom the products
of azidonitration of glycal 2 has been reported recentiy
in relation to the syrthesis of guanosine 37-(2-amino-
2.6-dideoxv-B-1-galactopyranosyl) diphosphate.” The

procedure used in the study cited included reaction of
the azidonitration products with LiBr and treatment of

the resulting bromide 3b (the vicld was not reponed)
with dibenzyl phospiate and Ag,COy to give dibenzyl
eiycosyl phosphate 4. Qur attemipts to employ this pro-
cedure to prepare compound 4 were only partly success-
ful: the vicld of the target product was ~30%. Therefore,
we explored other alternatives tor transition from nitrate
3a to phosphate 5.
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Since nitrate 3a is converted into bromide 3b under
mild conditions, wc suggested that dircet transformation
of nitrate 3a into glycosyl phosphate derivatives would
also be possible with the use of a sutficicntly effective
reagent. Cesium dibenzyvl phosphate was chosen as the
phosphorylating reagent because the use of cesium salts
of weak acids in dipolar aprotic solvents (DMF, DMSO)
is well known to accelerate Sy2 substitution reacuons
(so-called "cesium effect”8y.

Indecd. when compound 3a was treated with cesium
dibenzyl phosphate (1.5 equiv.) m DMF at 20 °C,

dibenzyl phosphate 4 was rapidly formed. The reaction
was complcted in 2 h; the rcaction mixture was initially
homogencous and then cestum niteate precipitated. The
torget product was obtained in 80% viclds after column
chromatography. The 'H. *C. and 7'P NMR spectra of
(2-azido-3.4-di- O-accvl-2-dcoxy-B-L-fucopyranosyl)
dibenzyl phosphate (4) contirm the structure assigned 1o
it and correspond to those reported previously.?

Compound 4 was converted into 2-amino-3.4-di-O-
acetyl-2-deoxy-B-t-fucopyranosyvl phosphate (5) by
hvdrogenolysis of the benzyl groups accompanicd by the
simultancous reduction of the azido group: the best
results were obtained when the reaction was carricd out
in dioxane with Pd(OH),/C as the catalyst. Compound
5 was isolated as an inner salt in 97% yield and charac-
terized by NMR spectra (¢f. Refl 7).

Transition tfrom the amino sugar 5 1o N-acety! deriva-
tive 7 requires N-acotylation and O-deacctvlation. Since
we intended to use NM-ucetvlation for the introduction of
the radioactive label into the final product of svinthesis, it
was necessary to ensure mild reaction conditions ruling
out the possibility of O-—= N migration of the acetyl groups.

The sclective N-acetvlation of compound 3 was
achicved using M-acctoavsuccinimide (NAS).? Recentiy 19
a convenient procedure for the synthesis of this com-
pound has been reported. It is, apparently, suitable for
radioactive fabeling of the reagent. Compound 5 s
smoothly acetviated in an agucous solution of THF at
pH 7.5 (2 h, 20 °C). The 'H NMR spectrum of product 6
isolated from the reaction mixture after gel chromato-
graphy (TSK HW-40. ciution by water) cxhibits three
signals with cqual intensitics in the region of & 2.0-2.3,
which correspand to the V-acetyl and two O-acetvl groups.

O-Decacetvlation of product 6 (1 . 20 °C, pH 12)
tollowed by ncutralization and scparation of the mixture
by gel chromatography (TSK HW-40) resulted in the
isolation of 2-acctanmido-2-deoxy-B-L-tucopyranosyl phos-
phate (7) as the disodium sat w 845 vicld. The presence
of the signal due to the A-acctyvl group (8 2.12) and the
signal of H(1) corresponding to the B-contiguration of the
anomeric center (8 498, 1, J; > = J; p = 3.6 Hz) inthe 'H
NMR spectrum confirms the structure of compound 7.

To convert phosphate 5 into uridine 37-(2-amino-3.4-
di- O-acetyl-2-deoxy-f-L-fucopyranosyl) diphosphaie (8)
(Scheme 2). we emploved the reaction of glvcosyl phos-
phate with uridine 5 -phosphoimidazolide, prepared in
sitw {¢f- Ref. 7) by uecatment of uridine 5'-monophos-
phate with N, N’ -carbonyldiimidazole in DMF. The reuc-
tion was carried out at a 1.1 : | ratio of sugar phosphate 5
to the activated uridine 5 -phosphate derivative: the course
of the reaction was monitored by TLC. We developed a
convenient procedure for the isolation of product 8 based
on gel chromatography with two difterent columns. Appli-
cation of the mixture onto o column with Scphadex G-23
and clution with a 23 mM solution of NH OAc results in
the separation of the target product 8 from uridine
S -monophosphate and P! P3-(uridinc-3") diphosphate,
tormed as a by-product. Re-chromatography of the major
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fraction on a column with TSK HW-30 (clution with
water) removes the glycosyl phosphate and NH3OAc
impuritics. The vicld of compound 8 was 30%. The
presence of characteristic "H NMR signals with 8 1.02 (d,
H(6), J = 6.4 Hz). 188, 2.01 (both s, QA¢). 3.40 (dd,
H(2). Jy 5 = 8.6 Hez, Jo 3 = 10.8 Hz). and 3.20 (1, H(!).
Ji p = 3.6 Hz) corresponding to B-fucosamine and signals
with § 3.78 «m), 7.72 «d. J = 8.3 Hz) of the uridine
residue, as well as two doublets with § —10.3 (J = 9.3
Hz) and —13.0 ¢/ = 19.3 Hz) in the 'P NMR spectrum.
contirms the structure ot diphosphate 8.
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Compound 1 was prepared by selective V-acetylation
of sugar nucleotide diphosphate 8 by the method de-
scribed above using 3 oequiv. of NAS (the rcaction is
complete in 3 h). An aliguot of the reaction mixture was
separated on a column with TSK HW-30: the complete-
ness of the reaction was confirmed by the 'H NMR

spectrum  of the product 9 thus isolated. which con-

tained three cqually intense signals in the region of
6 2.0—2.3. The product was O-deacetylated at pH 12 for

3 h. After neutralization of the reaction mixture, com-
pound 1 was isolated by gel chromatography on a col-
umn with TSK HW-40. The yicld of uridine 3°-(2-acct-
amido-2-deoxy-B-L-fucopyranosyl) diphosphate (1) iso-
fated as the disodium salt, homogencous according to
the data of paper clectrophoresis, amounied to 97%: its
structure was confirmed by 'H. PC. and 'P NMR
spectra. In paricular, the presence of 'H NMR signals
of the uridine residuc at § 7.75 (d. H(6)) and 8 5.78 (m,
H(3). H(')) and signals at 6 479 (. H(I"). J15 =
Jip = 8.6 Hz). & 1.85 (NHAc). and & 1.06 «d, H(67),
Jig = 6.9 Hzj. corresponding to the 2-acetamido-2-
deoxy-B-L-fucopyranose residue, and two *'P NMR dou-
blets proves the structure of diphosphate 1.

The synthetic scheme for the preparation of uridine
S7-(2-acctamido-2-deoxy-B-c-fucopyranosyl diphos-
phate) (1) and 2-acctamido-2-deoxy-f-i-fucopyranosyl

phosphate (7) with A-acetvlation as the final stage.
developed in this study, appears the most convenicent for
the introduction of a radioactive label from | Clacetate
o these compounds needed for biosynthetic studics.

Experimental

"H and BC NMR spectra were recorded in CDCHs or 1,0
at 300 K on a Bruker WM-230 spectrometer using acetone as
the internal standard. 1P NMR spectra were measured i
CDOCH or DO at 300 K on a Bruker AM-200 spectrometer
with 83% H;POy as the oxternal standard. UV spectra were
recorded on a Specord UV --VIS instrument (GDR). Electro-
phoresis was performed on a PVEF-T dastrument at a voltage
gradient of 10V em™! in a 0.03 M tricthy lammonium bicarbon-
ate buiter (pH 7.5) on Filtrak FN-16 paper: the phosphate wus
detected by the reagent described previousty MU Thin faver chro-
matography was carricd out on glass plares with a fixed sifica gol
(Merck) laver. while sttica gel LiChroprep Si 60 (Merck) was
used for column chromatography. Gel chromatography wus
carried out on Sephadex (3-25 superfine (600x23 mm) and
TSK HW-40(S) (860x20 mmy columns The separation was
monitored using a Knauer ditferential retractometer. Sobvents:
DMF was distilled from Cably 1 vacuo and stored over 4 A
moleculur sieves: MeCN and EtOAc were distifled from P-O;
and stored over 4 A molecular sieves: dioxane was distilled from
LiAIH, immediately prior to use: MeOH was distilled from
Mg(OMe)s by the standard procedure: and THE was disulled
from Na—Ph,CO undee Ar. Reagents trom Sigmia were used.
I-Mcethvlimidazole and N, ¥ -carbonviditnudazale (Fluka) and
PO 5/C (Aldrich) were used as received. Cesium dibenzyd
phosphate was prepared by mining dibenzyl hydrogen phosphate
with LOI equiv. of CsyCO5 in acctonitrile. The solvent was
distilled oft and the residue was dried in vacuo at 25 °C.

3.4-Di- 0-acetyl-1,5-anhyvdro-2,6-dideoxy-1.-fyxo-hex-1-
enitol (2). 2.3.4-Tri- O-accivi-a-r-fucopyranosyl bromide?
(3.2 2. 147 mmob) i 13 mL of EtOAc was added with surring
over a period of 13 mun to a mixture of Zn powder (3.7 gy and
| -miethvlimidazole (417 mL) in 77 mL of boiling anhydrous
EtOAc . The mixture was retluxed for 20 min and cooled to
20 °C. The reactuon mixture was filtered through celite and the
tiltrate was washed witihhv 10% HCT (2x153 mlL), a saturated
sofution of NaHCO; (3x13 mL), and water and dricd with
NS0, The organic phase was concentraied m vacuo 10 give
2.2 ¢ (70%) of compound 2. which was then used to prepare
3a® without additional punification. *H NMR (CDCly. 6 1.22
(d. 3 H.Hor, S = 6.7 Hz): 196 (50 3 HL OAc 200 (s, 3 HL
OAC) .20 tbr.g, T HL HGY) 462 (du F HO RS, Jy oo /) 2=
6.0 Hz. Jy 3= 1.2 Hzy: 5.24 (brd, | HL Hi(2): 536 (brd. 1 H,
H4): 6,43 (dd, | H. Hil), /= 1.0 Hz) (¢ Rell 7).

2-Azido-3.4-di- O-acetyl-2-deoxy-B-1-fucopyranosyl dibenzyl
phosphate (4). Cesium dibenzyl phosphate (480 mg. 1.12 mmol)
was added at 20 *C with stirring 10 a solution of compound 3ab
(230 mg. 0.78 mmol) in 0.3 ml of anhvdrous DMF. The
mixture was stirred for an addinonal 2 h. poured into 3 mL of
brine. and extracted with CHCly (3%3 mL). The orzivmic phase
was washed with water, dried with NaySO,. concentrated in
vacuo. and chromatographed in the petroleum ether—EtQAc
system o give 332 mg (80%) of compound 4. a syrup. K, 0.27
(petroleum cther—EtOAc. 20 1) 'H NMR (CDCiy). § 118 (d.
3 H, HiB), J5, = 6.9 Hz): 2.03 650 3 H. OAc); 2045 (s0 3 H.
OAC): 379 (dd. + HO MDY, Jy 2= 8.6 Hz, /a5 = 104 Hz) 382
(q. 1 H. M) 482 (dd. | H Bi2). Jyy =40 Hz): 3.09 (m.
3 H. Hib, PhCHL): 5018 (brd, | HC Hd: 7.31 (mo [0 HL
Ph). C NMR (CDCly). 8: 13.6 (Ci6)): 20.5 (CH;CO): 60.8



1894 Russ.Chem.Bull., Int.Ed., Vol. 49, No. 11, November,

2000 [Harionov er al.

(d. Ct. J = 9.6 Hz), 68.7: 69.0 (. PhCH, /= 4.1 Hz) 69
td. PhCH5. = 4.3 Hz): 70,10 71,4 975 (d. Coly, J = 3.5 Hz):
127,70 1278, 1285, 13520 135,53, 1355 «all Phy; 169.6. 170.2
(both COCH . VP NMR (CDCly), 6 =275

2-Amino-3,4-di- O-acetyl-2-deoxy-B-1.-fucopyranosyl phos-
phate (3). Freshly prepared compound 4 (230 mg. 11.47 mmoh)
was dissolved in 3 mL of dry dioxane and hydrogenated under
atmospheric pressure for & hoand 23 ©C over 40 mg of the
10 PAIOH)H/C catalyst. The catalyst was filtered off and washed
with dioxane (3x5 mL). Lvophitization of the dioxane solution
wive 133 mg (979%) of compound 3, Ay 0.33 (propan-2-ol—1 M
agueous NHLOAc, 2: 1), TH NMR (D-01 81,23 (d. 3 H. H(e),
Jop = 6.9 Hz) 2.09 (50 3 HOOAC) 2,21 5. 3 HL OAC): 3.59 thrt,
PHH2) . a5 = 104 Hey 413 bege FHOHG)H: 328 (mu 3 HL
H(. H(3). Hdg). DC NMR (D-0). 8. Je p/Hzo 1532 (Clo)):
2001, 204 (both signals CH:CO): 51.9 td. C(. J= 93 Hzi
69.6; 7010 70.5: 942 ¢d. C{ho J= 4.8 Hzy 1700, 1736 (both
signals COCH5). *P NMR (CDCly), 8 — 136

Disodium 2-acetamido-2-deoxy-f-1.-fucopyranosyl phosphate
(7). A solution of N-acetoxysuccinimide (NASH? (42 mg,
0.28 mmol) in 0.44 mb of agueous THF (f 1) was added with
stirving at 20 °C to a sotution of compound 3 (40 myg, 0.1 mmoh
i .22 ml ot water. Stirring wan continued for 2 b: the pH of
the reaction mixture equal to 7.5 was nuuntained by adding
0.1 M NaOH. The reaction muxture was cooled to 0 °Co 1M
NaOH (0.1 mLy was added, and the nuxture was kept for thoat
20 <C and neutralized by the Dowen SOWXS cation exchanger
(H*) 10 pH 7.5 using a phH-mcter. The cation exchanger was
tiltered off and washed with water (3x2 mbL). The tiltrate was
concentraicd i vucuo 1o 0.1 mL and anpied onto a TSK HW-40
colimn, and the column was washed with water. The fractions
containing the product were combined. concentrated i vacuo o
3 mlb. and treated with the Dowex 30W =X cation exchange resin
{Na*, 0.5 mbL). The cation exciange resin was filtered off and
wisited with water (3x3 mbL). Lvophilization from water gave
34 myg (84%) of compound 7. lo.l”-’? =4.30" (¢ 1.6, H-O),
U NMR (D500 8 L35l 3 HL Heb) o= 6.9 Hzy 2012 (s,
IHUNAC 327 (brtu T HOHDL o= 1004 Hz) 389 (m 3 HL
M3, Hd), H3)y 498 (L T HOHE 2= J) p= 86 Ha),

Diammonium uridine 3'-(2-amino-3,4-di- O-acetyl-2-deoxy-
B-1-fucopyranosyl) diphosphate (8). Tritn-butyhamine (0.073 mL.
1,308 mmol) was added with stirring at 20 °C o a solution of
uridine 37 -phosphate (100 mg. 0.308 mmol) in anhydrous di-
ovane. The reaction mixwre was stirred for an additional 13 aun
and hyophilized and the residue was dissolved in 0.3 mlL
of anhvdrous DM, A N -Carbonviditmidazole {130 my,
0.92 mmoly was added and the misture was stirred under Ar tor
3 at 20 °C. Then anhydrous McOH (9.035 ml.) was added and
the nuxture was sticred tor 20 nmun and kept i vacuwo (1 Torr,
20 °C) tor 13 min to remove unrcacted MeOH., Compound 5
(100 mg. 0.339 mmob) in 0.3 mL of anbydrous DMF was added
at 20 °C to the resulting solunon of undine 37 -phosphoimid-
azolide. The mixture was stirred under Ar for 24 h, diluted with

3l oof a 25 mM agucous sotution of NH;OAc, and washed with -

CHCI; (122 mb). The aqueous fayer was colicentrated i vacuo
to 0.5 mL and applicd onto a column with Sephadex G-235. The
column was washed with a 25 mAf aqueous solution of NH OQAc.
the separation being manitored using a UV detector (234 nm).
The tractions containing the product were concentrated in vacuo
1o 1.3 ml, the solution was applied onto o column with TSK
HW-40, and the column was washed with water. Lyophihization

of the fractions containing the product gave 96 mg (30%) of

compound 8; paper clectrophoresis Mo 130, TH NMR (DO,
& 106 (d. 3 H, H(O™). Sy = 6.9 Hoyt 188 (5. 3 H. OAc): 201
ts. 3 H. OAc): 340 (dd. 1 HO H2") . Jy3-= 108 Hz) 440 (m.
SHOHE2D. HG Hed )y B HOG™My: 3.08 (m, 2 HL MG

H(47y: 320 (L F HO B Speae = Jpep = 806 Hazyo 578 (m.
2HLHGS), HO): 773 (do FHLHE6), J5 o = 8.3 Hz). 1PC NMR
(D50), & 5.6 (C(6™: 20.5. 20,6 (both signals COCH ) 320
(d, C27M. 4= 89 Hzy: 357 (4. Ci3n, S = 534 Ho 699 70.2;
70070 7090 (COdL Cudry Ciams C2oy 744 (G 83.6 d.
Cid7y, J= 8.8 Hzy 891 («Cet s 951 (d COe = 38 Haz):
1032 (C(3): 1422 0Ceon: 1360 (Ce2)): 166.7 (Ctdny: 17501,
1741 (both signals COCH L 2P NMR (D,0). & —~10.3 «d.
J= 19.2 Hz); —13.0(d. /= 193 H2).

Disodium uridine 5-(2-acetamido-2-deoxy-p-i-fucopyra-
nosyl) diphosphate (1). N-acctovysuccinimide (22.4 mg,
U2 munol) in 0.4 mL of agucous THEF (1 - I was udded at
0 °C o a solution of compound 8 (24 mg, (LO38 mmobh in
0.3 ml of water. The reaction mixture was stirred for 3 he the
pH value cqual 10 7.3 was nuintained by adding 0.1 M NaOHL
The mixture was cooled 1 0 *C. 1 M NaOH (0.2 mL) was
added. and the misture was kept for 3 5 at 20 °C and neutralized
by the Dowex 30W =8 (M7 cation exchanger to pH 7.5 using o
pH-merer. The cation exchanger was tiltered ot and washed
with water (3%3 mL) and the tiltrate was concentrated in vacuo
1o 0.2 mbL and subjected to gel chromatography on a colwan
with TSK HW-30, the product being clured with water. The
fractions containing the produci were lvophitized. vield 23 my
(97%) tthe coment of compound 1, determined from absorption
at 262 pm. owas 967%). UV L 262 nm. THONMR (D00,
S 106 (d. 3 HL H0™), Joo o= 0.9 Hzyr LSS (60 3 HLNAC)K 3.66
(. 2 HL R Hd s 372 ddl T HL H2ML Jye e = e He
Jye = 108 Hzys 400 (im0 6 P HE2), HOL H4Y) Hes ',
HG7p0 479 (0 0t HUL Jep = 8.0 Hlzys 378 (m 2 HO HES),
HiT O 775 4d. U HL 4o, = 8.3 Hyy O NMR (D00, &0 153
1C167)): 222 (COCHy: 3200 (d. C2, 4= K9 Hzy: 647 (d.
Ci3y, /= 54 Hz)y 694 7020 709, 71.2 (Ce3). Ciam, €.
Ce2 M 735037 820 ad. Cd ) = 8.8 Hzio 851 (Ceiny:
961 1CUY. J= 38 Mz 1023 (CH))y: 144 (Cedy: 15135
(CE 1658 (CHENT T3 (COCH ) TP NMR (D,0). 8 = 10,4
(d. /=193 H2): =125 (d. J= 193 Hz).
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