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The use of cesium dibenzyl and diphenyl phosphates
for stereoselective synthesis of glycosyl phosphate derivatives
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Peracetates of B-glveosyl dibenzyl phosphates are formed efficiently in the reaction of
cesium dibenzyl phosphate with peracetyl-e-glycosyi nitrates derived trom -fucopyranose,
pegatactopyranose, and 2-azido-2-deoxy-p-galactopyranose or with tri- O-ucetyl-o-i.-
fucopvranosyl bromide. On the contrary. the reaction of the above-mentioned glycosy] nitrates
with cestum diphenyl phosphate Jeads to thermodynamically more stable a-glveosyl diphenyl
phosphate vie intermediate tormation of the corresponding -anomers.
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In recent vears, 2 enzymatic and chemo-enzymatic
syntheses of oligosacchandes and glycoconjugates in-
volving the use of glycosyl transterases have been inten-
sively developing. In this connection, the preparation of
the precursors of their biosynthesis. namely, nucleoside
and polyprenyl alvcosyl diphosphates, becomes quite
important.

Glveosyl phosphates arc key compounds in the
chemical and enzymatic svathesis of these derivatives 34
Various approaches to the chemical synthesis of glycosyl
phosphates are documented. In the approach based on
nuclecophilic substitution at the C(1) atom in carbohvd-
rate derivatives, dibenzyl and diphenyl phosphates or
their salts are often used as the reagents. Acylated
glvcosyl halides serve as typical substrates in this reac-
tion, although the use of O-glvcosyl trichloroacctimi-
dates, thioglyeosides, pent-4-cnyl glycosides, and bicy-
clic derivatives of sugars for this purposc has also been
described (see o reviewd).

Recently, we demonstrated that the reaction of
2-azido-3 4-di- O-accetyl-2 6-didcoxv-a-L-galactopyra-
nosyl nitrate with cesium dibenzyl phosphate in DMF
smoothly gives the corresponding B-glveosyl dibenzyl
phosphate.5 The discovery of the previously unknown
transtormation of glvcosyl nitrates mnto glvcosyl phos-
phates on treatment with cesium dibenzyl phosphate®
stimulated us to perform a more detailed investigation
on the possible application of this reaction in the syn-
thesis of glycosyl phosphate derivatives.

As the starting compounds, peracetyvlated a-glycosyl
nitrates derived from 6-deoxy-L-galactopyranose (L-fuco-
pyranosc (1)), v-galactopyranose (2), and 2-azido-2-
deoxy-p-gnlactopyranose (3)) were chosen. The use of
these compounds makes it possible to study the influcncee
of the nature of the substituent at C(2) and the presence
ol the deoxy unit at C(6) on the rate of the reaction and
the stereochemistry of the resulting products for monosac-
charide derivatives with the galacro-configuration.
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The possibility of using glycosyl mitrates m the nu-
cleophitic addition at C(1) had been demonstrated car-
licr by converting them into glyveosyl acctates. % glyco-
syl halides.8 alveosy! xanthates,® and methyl 71 alivi 10
and benzy! glyeosides!t12 by reactions with the corre-
sponding atkoxides. The transformation of peracctyl-B-
D-glycosyl nitrates into 1.2-orthoesters!3 has been de-
scribed and several methods for the conversion of glveo-
syl nitrates into derivatives with a free OH group at C(1)
have been developed. tH-16

Glveosyl nitrates derived from 2-azido-2-deony-
hexoses are casily prepared by azidonitration of the
corresponding glveals: we used this method® to prepare
nitrate 3. Nitrate 2 was synthesized? by the reaction of
penta- O-acetvl-B-p-galactopyranose with HNOL/CHCl;.
The '"H NMR spectral data for the reaction product
correspond to those reported in the literature. '3 Nitrate
1 was unknown previously as well as sinular derivatives
of other 6-deoxyhexoses. We showed that this compound
can be smoothly svnthesized (the yicld of the crystalline
product is 63%) by trcatment of tetra-O-acetyl-L-
fucopyranose with 100% HNOz in dichloromethane.
The starting compound ts 2 mixture of a- and B-anomers
(83 : 15) and. thos, in this casc, unlike the reaction with
hexose derivatives, the acetate group at C(1) in the
o-anomer peracetate is also casily replaced. The struc-
ture of compound 1 is confirmed by the [R speetrum,
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which contains an absorption band typical of the ONO,
eroup (vy, 1630 cm™N): the data of the 'H NMR
(36,43, d. J,y = 3.4 Hz, H(1)) and *C NMR (§ 96.4)
speetra indicate the a-configuration of the C(1) atom.

The possibility of using nitrate | for the svnthesis of

B-t-tfucopyranosyl phosphate is of the greatest interest.
The synthesis of this imporant glycosyl phosphate has
been the subject of several studies. 72! [n these studies.
the instabifity of phosphotricster 4 and its casy isomer-
1zation to the thermodynamically more stable a-isomer
were noted.
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Herematter, Sug iy a sugar residue.

As in the reaction with 2-azido-3.4-di- Q-acetyl-2.6-
dideoxv-a-c-galactopyranosyl nitrate, 30 the reaction of
nitrate 1 with CSOP(O)(OBn). in DMF proceeds
smoothly at 20 °C. Phosphotricster 4, isolated after 3 h
in 64% yicld, contains, apparently, no «-anomer impu-
rity, as indicated by the 'H and Y*C NMR spectra,
wiich correspond to thosc reporied in the litera-
ture 703821 Thyg CsOP(O)(OBN)> is suitable for the
synthesis of B-glycosyl dibenzyl phosphates alse when an
acctoxy group is attached to the Ci2) atom of the sugar
residue instead of the azido group.

Efficient tormation of B-glvcosvl dibenzyl phosphates
was also demonstrated in the rcaction of CsOP(O)(OBn),
with glycosyl nttrates 2 and 3, derived from p-galactose
and 2-azido-2-deoxy-n-galactose. As may be cxpected,
the replacement of the Me group at C(3) of monosac-
charide by the CH;0Ac¢ group decrcases the rate of
nuclecophilic substitution at C(1y. After 12 h a1 20 °C,
the vields of phosphotricsters 5 and 6 were 75% and
89%. respectively. The data of 'H and YC NMR spectra
contirm the structures of the compounds. In the case of
compound 5, the spectra coincide with those described
previously. 22 In the case of 6, the chemical shifts and
multiplicitics of the signais most significant tor establish-
ing the configuration are those for H(2) (8 3.83. dd, J; ;
= 8.4 Hz. Jo; = 10.7 Hz). C(1) (3 97.5, d. Jyp =

3

4.8 Hz) and C(2) (6 60.8, d. J,p = 6.8 Hz).

The rcady availability and the purity of the starting
compounds, mild reaction conditions, the formation of
the stercochemically uniformy product with the inverted
configuration at the anomcric center. and the high
product yiclds make the reaction ol acylated glvcosyl
nmitratcs with cesium dibenzy! phosphate an attractive
mcthod for the synthesis of glvcosyl phosphates.

We also investigated the possibility of using this
reagent for the synthesis of glveosyl phosphates from
glveosyl bromides. The reaction of 2,3 4-tri- O-aceryl-«-
i.-fucopyranosyl bromide with CsOP{O)(OBn)- in DMF
for 1 h smoothly furnishes compound 4 in 82% vicld.
The NMR spectra of phosphotriester 4 prepared by this
reaction are identical to the spectra of phosphotriester 4
svnthesized by the reaction with mtrate 1.

As noted above, in the syathesis of glveosyl phos-
phates based on the nucicophilic substitution at the Cel)
wtom of monosaccharide. apart from dibenzyl phos-
phate, diphenyl phosphate is widely used as the reagent:
i this case. the reaction normally vields thermodynami-
cally more stable o-anomers of the glycosyl phosphate
derivatives.d Thus  0-(2.3.4-tri- O-acetyl-a-t-fucopyra-
nosyt) trichloroacetimidate reacts with (Bn0).P(O)YOH
to attord B-phosphate 4. while its reaction with
(Ph0),P(O)OH attords a-phosphate derivative (7).18
The transtormations of tetra- O-acctvl-a-p-galactopyra-
nosyl bromide nto B-ghvcosyt phosphate through the
reaction with AgOP(0)(OBn)»%3 and into the correspond-
ing a-anomer upon reaction with AgOP(O)(OPh); 2 are
also known, We were mterested whether a similar regu-
larity is obeyed with cesium salts and studied the reac-
tion of CSOP(O)Y(OPh), with glycosyl nitrates 1—3 un-
der conditions comparablc to those used in the reaction
with CsOP(O)(OBn),. The solubility of cesium diphenyl
phosphate in DMF is much lower than the solubtlity of
cesium dibenzyl phosphate: we managed to obtain a
homogencous solution by adding 18-crown-6 1o the
reaction miNture.
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Under these conditions, fucose derivative 1 smoothly
reacts with CsOP(O)(OPhy, at 20 °C; after 12 h,
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a-phosphate 7 can be isolated in 60% yield. The 'H and
BC NMR spectra of the product correspond to those
described previously. 1325 Thus, the use of cesium diphe-
nyl phosphate allows the synthesis ol thermodynamically
more stable  a-anonier of glycosyl phosphate. In the
reactions with glycosyl nitrates 2 and 3, the reaction also
vields a-anomers 8a and 9a as the final reaction products.
However, in these cases. it is possibie to demonstrate the
intermediate formation of B-phosphates 8b and 9b. which
arc gradually converted into the corresponding a-anomers,
Thus the product iselated after the reaction of galactosyl
nitrate 2 with CsOP{ONOPh); performed for 12 h at
20 °C is a 1 6 mixture of phosphates 8a and 8b,
according to the data of '"H NMR spectra (¢f. Ref. 23).
Purc a-phosphate 8a can be obtained (in 60% yicld)
when the reaction is carried out for {2 h at 55 °C.

When the reaction was performed with 2-azdo-2-
deoxvealactose derivative 3 tor 2 h at 30 <C, the isolated
product was found to be a ! @ 1 mixture of @- and
B-phosphates 9a and 9b. After additional heating (12 1,
37 °C), the ratio of the components in the mixture
became cqual 1o 4 ¢ 1. In this case, the most characternis-
tic TH NMR signals used to determine the anomer ratio
in the mixture are the signals of H(1) (8 6.03, dd. J; , =
34 Hz, Jip = 0.4 Hz) and H(3) (3 5.31, dd. /oy =
104 Hz, Jiy = 3.2 Hz). which correspond to the
a-isomer and the signals with 6 322 (¢ 1, = Jyp =
7.0 Hz, H(D)) and 486 (dd, />3 = 104 Hz, J,, =
3.2 Hz, H(3)). which correspond to the B-isomer.

These results demonstrate that, as in the case with
CsOP(O)(OBny,. the primary reaction product is formed

upon the substitution at the C(l) atom with inversion of

configuration:; tn the case of the diphenyl phosphate
derivative, it undergoes the sccond inversion of conligu-

ration at the anomeric center. Thus. the reacuon of

glvcosyl nitrates with cestum diphenyl phosphate can be
used to prepare e-glycosyl phosphate derivatives.

Experimental

4 and *C NMR spectra were recorded in CDCH at 300 K
on a Bruker WM-230 spectrometer using acetone as the internal
standard. TP NMR spectra were recorded in CDCly at 300 K
on a Bruker AM-200 spectrometer using external 85% H PO,
as the standard. The optical rotation was measured on o Jasco
DIP-360 awtomated polarimeter. 1R spectra were mcasured on
a Perkin-Elmer spectrophotometer. Thin layer chromatography
was performed in glass plates with o fixed silica gel laver
(Merck). Column chromatography was carried out with silicu
gel LiChroprep Si 60 ¢Merek). Chemicals were purchased from
Sigma, except for 18-crown-6 (Fluka)y., The solvents DMF,
CH,LClo and MeCN were distilied from Caly i vacuo and

i

stored over 4 A molecular siceves. The cesium sabiy of

phosphodicsters were prepared by mixing dibenayl hyvdrogen

phosphate or diphenyl hydrogen phosphate with .01 cquiv. of

CsHCO05 in MeCN. The solvent was distilled off and the residue
was dried i vacuo at 23 °C.

Tri-O-acetyl-a-i.-lucopyranosyl nitrate (1). A mixture of

H00% HNO; (¢ = 1.32) {6 mL) and CH,LCly (9 mL) was added
dropwise at 0 ¥C to a solution of tetra- O-acety - t.-fucopyranose?!

(393 mye. 178 mmob (a 85 1 15 mixture of «- and B-isomers,
"H NMR dat) in 3 mL of anhydrous CH-Cly. The reaction
mixture was stirred for an additional 3 h and poured in ice
water, the organic phase was separated. washed three times with
ice water, a saturated solution of NaHCO;, and again with
water, and dricd with Na-5O,, and the solvent was evaporated
in vacuo. The resulting erystaliine material was reervsiallized
from an ELO—petroleum ether mixture to give 388 mg (6540)
of compound 1. m.p. 79—80 *C. {o|??, —142.37 (¢ 1.5, CHQCY).
Rp 0.34 (petroleum cther—EtOAc¢. 20 1), Found (%) € 43.35:
H, 537: N, 438 CyH=NOy,. Caleulated (%) C. 42.99;
HoS 0 NG A AR (RBL v/em™ 1730 (0AC): 1650 (ONOLy:
13700 1230 (ONO:x 1080: 8300 'HONMR. S 118 (d. 3 H.
HIO). Jsp = 6.9 Hz): 206 (5. 3 H. QA 213 (s, 53 H. QAc):
221 (03 H. QA0 432 (brq. P HL HG)H 323346 . 3 H.L
HI2) Y Hidhy 6,43 d EHL H(DL ) 5= 34 He) IO NMR,
S 158 (Cibn: 20.6 (COM) 63.6 (C(2n: 674 (Cdn: 679
(CON702(CHEN 96,4 (COH)Y 9.8, 170,01, 170.3 1ulh COMey,
Dibenzyl 2,3,4-tri- O-acetyl-B-i-fucopyranosyl phosphate
(4). CsOPIOX OB, (92 mg, .23 mmol) was added at 20 °C 10
a solution of compound 1 (30 mg. 0.15 mmol) in 0.13 mL of
anfivdrous DMFE and the nuxture was sticred for 3 ho The
reaction minture was diluted with 3 ml. of CHCl; and poured
into brine. The organic laver was separated. washed with water.
and dried with Na.SQ,. and the sobvent was evaporated in
vacuo. Colunm chromatogranhy in the toluene —EtQA¢
(30 1y + 2% BN system gave 33 mg (6470) of phosphate 4.
R, 0.32 (petroleum ether—EtOAc, T 1 "H NMR, & 1.22 (d,
3HOHM ST 6.9 Hapo 192 (v 3 HL0AD: 198 (503 1L
OAC): 219 (x, 3 H, OAC: 392 (brg. | HL HG): S.op=35.12
tm. SR Heh, CHaPhy: 3.24—332 am. 3 HL H) Hid),
Hidy):r 7.29=750 (m. 1) Ho Phy, VC NMR. 3159 (Cron
AAAAA = 9.8 Ha) 0950 69.6; 607 702
T8 96.7 (Cily. J= 43 Hzy: 1275, 1180, 1285, 1286
Gl CPhY 169.8. 170.0. 1705 (all COMeY (¢of. Refl 19y,
Dibenzyl 2,3,4,0-tetra- O-acetyl-B-n-galactopyrinosyl phos-
phate (3) was prepared similarly to phosphate 4 from pitrate 27
(75 mg., 0191 mmol) and CGOPEONOBMY (109 my. 0.29 mioh
i 0413 mi of anhvdrous DME: the reaction time was 12 h.
Column chromatography in the tolucne—-EtOAC (2 0 1) + 2%
Et:N system gave 87 my of phosphaie 3 (vicld 73%). R 0.3
tpetroleum ether—E1OAc. 12 1) TH NMR (C D). & 148 1,
IH,OAC) 14903 ML OAC): 1.64 (503 H.OAC): oo i, 3 HL
OAcy 327 (m. 1 HL H3): 398 (d 2 H CHLPh, Sy p =
T HO 492 ¢d. 2 HOCHLPh Jyy = 7.0 H2) 495303 (m.
2 HD Hee ) ST dde  HO HG 4y 104 Ha Sy =
34 Hzy 337 (ddo T HLHE Jy 5= L0 Mz 347 (L HL B,
Sl p = T8 HD ST wddl T HL HE): 0.96—716 (m. 10 H.
Phy. HC NMR. & 20.5 (COMe): 611 (Ci00: 60.7 (Cdn: 687
(d. IS =87 He): 69.7.699 (bath CHLPh): 70.3(C(3N: 718
(C(3)): 96.8 (d. Cly. J= 4.7 Hzy 1278, 1279, 1282, 128.6
(alt CPh): 1693, 1699, 170.0, 170.2 (all CCOMe) (¢f. Ref. 22).
2-Azido-2-deoxy-3.4,0-tri- O-acetyl-B-v-galactopyranosyl
dibenzyl phosphate (6) was prepared similarly to phosphate 4
from nitrate 3% (30 me. 0.08 mmol) and CsOPOHOBN);
(49 mg, 0.12 mmoly in 0.1 mL of anhvdrous DMF: the reaction
time was 12 h. Column chromatography in the toluene —-E10A¢
(30 1) + 2% EGN system gave 42 mg of phosphate 6 {yicld
9%). ™y =3.86% (¢ 1.5, CHCly. 'H NMR. 8 195 (5. 3 H.
OAC): 2.07 (x5 H. QA0 2,18 (s 3 H. OAc): 3.83 (dd. | L.
H(2), J1»= 78 Hz. Jo1= 104 Hz)p: 401 (m, T H, Hi3)¥i
4.08—4.20 (m. 2 H, H(6.6"): 488 (dd. | H. H3). S5, =
353 Hz)r 310=520 (m, 5 H. H(), CH5Ph) 338 (dd. 1 H.
Hi4). Jys= 1.0 Hz): 7.36 (m. 10 H, Phy P3C NMR,
8: 20.3(COMy): 60.8 (d, C(2). J= 8.6 Hz) 61.0 (C(6)): 66.0
(Ctd): 69.5.069.6. 69.8: 711 (C(33): 717 (TS 97,5 (d. Cily,
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J= 48 Mo 12780 1282, 128.6. 129.0, 133.3 (all Phy: 1695,
169.9. 170.2 (all COMe). *'P NMR: § -2.12.

Dibenzyl 2.3.4-tri- O-acetyl-B-~1-fucopyranosy! phosphute
(4) from 2.3.4-tri- O-acetyt-a-1.-fucopyranosyl bromide. A so-

letion of CiOPNOBN)- (230 mg. (.35 mmob) in 0.5 ml of

anhvdrous DMFE was added at 0 °C 10 a solution of bromide
10 20 (80 mg. 0.230 mmol) in 0.30 mi of anhvdrous DMF. The
mixture was stirred for 10 min at 0 <C and for 30 min at 20 °C.
The reaction nuxture was diluted with 3 mL of CHCl; and
poured into brine. The organic laver was scparated, washed with
water. and dried with Na-SOy, and the sotvent was evaporaied
in vacuo. Column chromatography in the toluecne—EtOAc
(30 )+ 2% BN system gave 97 mg (829%) of phosphate 4:
according to TLC and 'H NMR data. it was identical to the
sample prepared from aitrate 1.

2.3,4-Tri- O-acetyl-a-r.-fucaopyranosyl diphenv! phesphate
(7). CsOPOOPM: (125 mg. 0.328 mmob and [8-crown-6
(83 mg, 0.328 mmoh were added at 20°C to a solution of nitrate
1 (35 mg. 0.164 mmol) in 0.15 mL of anhvdrous DMF. The

reaction mixture was stirred for 12 h, diluted with 3 mL of

CHCL,, and poured into brine. The organic laver was separated.
washed with water. and drred with Na,50,. and the solvent was
cvaporated i vacwo, Column chromatography in the tolu-
cne—E1OAC (3
phosphate 7. R 0.37 (petroteum cther—EtOAc. 11, TH NMR,
S LU3 ad. 3 H.Hib) Jo, = 6.9 Hay 186 (s, 3 H, OA): 201
(s, 3 H.OAO: 216 s 3 HL QA 4210 (g T HL Hi». Js, =
6.9 Hzo 322 (ddd. F HO H) = 34 He, Jy p= 28 Hz
Joa= 106 M2 530 (do 1 HL M, Jyy = 28 Hlz)s 336 (dd.
FHOH3) 608 (dd. 1T HL HODYL ) p = 63 Hz)t 721738 (.
10 H. Phy (ef Refl 18).

2.3,4.6-Tetra- O-acetyl-a-n-galactopyranosyl diphenyl phos-
phate (8) was prepared similarly to phosphate 7 from nitrate
2 (73 mg. 0 9E mmoh and CsOP(ONOPHh), (136 my.
(1.382 mmot) i the presence of 18-crown-6 (90 mg. 0.382 mmoh
i 013 mL of anhvdrous DMFEF: the reaction time was 12 h at
55 ¢C. Column chromatography in the toluene—ErOAc (2 1) +
2% B3N system gave 66 mg of phosphate 3 tvicld 60%). Ry 0.41
(petroleum cther—EtQAc, 1 1. 'H NMR. & 1.83 (5. 3 H.
OAC: 192 (s, 3 H, QAC): 2.01 (s. 3 H., OAC); 2.14 (s, 3 H.
OAC): 3.92 (m. I HLH@G ) 4.0 (m. 1 H, H6): 438 (m. 1 H,
Hedn 323 edddo T H He), Sy = 32 He  Hh p= 28 Hz, /3 =
104 Hzy 539 «dd. T HL Hi3), Sy = 300 Hz)y 551 (dd. | HL
Hid Sy o= 1O Ho 6 13 (dd, 1 H Hi /) p= 6.4 Hzy 712
742 (m. 10 HL Py CNMR. 60 20,5, 206 (both COMe): 611
(C6)): 669 (d. Ct2y. J= 6.9 Hz). 67.5(Ch): 68.9 (Ci3y): 77.2
(C(3)):; 938 «d. Cohy J= 4.8 Hz): 1202, 120.3, 1203, 1258,
12830 129.1, 129.9 (ali Phy: 170.0 (COMce) t¢f Ret 23y,

2-Azido-2-deoxy-3,4,6-tri- O-acetvi-o-galactopyranosyl
diphenyl phosphate (a mixture of o~ and $-isomers) (Ya,b) was
prepared simifarty to phosphate 7 from nitrate 3 (90 ing.
0.240 mmol) and C:OPOMOPRY, (183 my. 0.480 mmol) in the

presence of 18-crown-6 (126 mg. 0.480 mmeol) in 0.35 mL of

anhydrous DMEF; the reaction time was 12 h at 33 °C. Column
chromatography i the toluene—EtOAc (3 @ 1) + 2% Et;N
system gave 89 me (63%) of phosphate 9 as a mixture of e- and
p-isomers in 4o 1 ratio. "H NMR, 8: 1.86 (5. 2.4 H. «-OAc):
1.97 {s. 0.6 H. B-OAc): 2.04 (5. 0.6 H. B-OAc): 2.07 (s, 24 H.
a-OAC) 214 (5. 0.0 H. B-OAC): 217 . 2.4 H. o-OAc): 3.80—
390 (m.a-H{6'). 2B8-H): 3.94 413 im. 2.2 H, a-H(2), a-H(6),
B-H(3), B-H6.6 N 430 (m. 0.8 H. «-HI3)): 486 (dd. 0.2 H.
B-t{3), Jo3=10.8 Hz, J1 4= 3.4 Hzy: 323 (1, 0.2 H. B-H(D).
Jy2= Jdyp = 16 H2 330 (dd. 0.8 H. a-H(3). J, 3~ 10.8 Hz,
Jig= 3.2 Hzy 536 d. 0.2 H.o g-Hhy 340 (d. 0.8 HL
o-H(4)): 6.02(dd. DY H a-H{. Jy ;=36 Hz. /) p = 6.2 H2),

1) = 2% LEryN svstem gave 31 mg (60%) of

TA6—=7.41 qu. 10 H. PRy 3P ONMR, S =151 (a-isomen):
—13.5 (B-isomer).
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