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ABSTRACT

HO N CoFy =

The Bfp (bisfluorous chain type propanoyl) group, a novel fluorous protecting reagent, was able to be prepared easily. The Bfp group was
readily introduced to carbohydrate, was removed in high yield, and was recyclable after cleavage. Use of the Bfp group made it possible to
synthesize a tetrasaccharide by minimal column chromatography purification. Each synthetic intermediate was able to be easily purified by
using only simple fluorous-organic solvent extraction and was monitored by NMR, mass spectroscopy, and TLC.

The oligosaccharides on cell surfaces play important rolesalso soluble in common organic solvents and can be
in biological processes, such as eakll interaction, cell measured by NMR and mass spectroscopy as a single
adhesion, and immunogenic recognitiofhe synthesis of = compound. Therefore, fluorous synthesis has become an
oligosaccharides is very difficult, in contrast to peptides and excellent strategic alternative to solid phase synthesis. Highly
nucleotides, which are easily prepared by a solid phasefluorinated acetal, silyl, and benzyl protective groups for a
synthesis using an automatic synthesizer. The solid phasehydroxyl function have already been reportédAcetal
synthesis of oligosaccharides has also been actively stéidied. protective groups cannot be used to synthesize oligosaccha-
Recently, the synthesis of oligosaccharides using a peptiderides due to their lability to acid. Curran and co-workers
synthesizer have been reporfeldpwever, the development  reported the fluorous disaccharide synthesis using the fluo-
of a practical automatic oligosaccharide synthesizer has notrous benzyl protective group by a glycal metttddnfortu-

yet been accomplished. In addition, the solid phase methodnately, their glycosylation method using a fluorous glycosyl
suffers from some serious disadvantages, such as reducedonor gave only 2-deoxy disaccharides. In addition, the yield
reactivity and the inability to monitor the reaction by NMR, for the reaction step to introduce the perfluorinated benzyl
mass spectroscopy, and TLC. Recently, fluorous chemistry group to the hydroxyl function was not satisfactory.

has been developed for use in several fields such as We would like to report here the development of a novel
combinatorial chemistry, parallel synthesis, and catalytic fluorous acyl protective group and its application to fluorous
chemistry? A highly fluorinated compound is readily sepa- oligosaccharide synthesis. Our concept of fluorous oligosac-
rated from nonfluorinated compounds by a simple fluorous-

organic phase separation. A highly fluorinated compound is _4) Luo, Z; Zhang, Q.; Oderatoshi, ¥.; Curran, D.Stience2001, 291,
9 P P gnly P 1766. Barrett, A. G. M.; Braddock, D. C.; Catterick, D.; Chadwick, D.;
Henschke, J. P.; McKinnell, R. MSynlett2000, 847. Curran, D. FRure
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Figure 1. Concept of fluorous oil gosaccharide synthesis.

charide synthesis is shown in Figure 1. We adopted the
introduction of a fluorous tag to the glycosyl acceptor but
not to the glycosyl donor in order to efficiently synthesize
the longer chain oligosaccharides. The glycosyl acceptor
containing the fluorous tag couples with the glycosyl donor
to afford the fluorous disaccharide. After the partition of the
reaction mixture with fluorous and normal organic solvents,
the fluorous disaccharide and the excess amount of the
glycosyl donor are extracted by the fluorous phase and
organic phase, respectively. After selective deprotection,
repeating this procedure gives the fluorous oligosaccharide,
which is able to be purified only by liquidliquid extraction
without column chromatography. Finally, the fluorous tag
is removed to give the desired oligosaccharide extracted with
an organic solvent. The fluorous tag is extracted by a fluorous
solvent and is recyclable.

We designed and synthesized compouhds a novel

tosylate2’ provided the monoalkylating produdtin 83%
yield. Compound was coupled with perfluorooctylpropionic
acid @®) to afford compoundain 93% yield. The treatment
of 5a with aqueous sodium hydroxide gave the desired
fluorous carboxylic acid® in 98% yield. We thought that
the two fluorous chains 06 enhance the efficiency of the
liquid—liquid extraction. Some methylene spacer might
effectively block the strong electron-withdrawing effect of
the long perfluoroalkyl chain without a decrease in the
reactivity of the carboxylic group.

Among the many useful methods for glycosylation, we
selected Schmidt's imidate method as the most popular
synthetic method to make a natural oligosacchalida/e
first attempted to synthesize the disacchal@eas shown
in Scheme 2. The Bfp (bisfluorous chain type propanoyl)

Scheme 2
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a Reagents and conditions: @&)DCC, DMAP, CHCl,, rt, 2 h,
87%; (b) CSA, MeOH—CHG] rt, 19 h, 88%; (c) TMS-OTT,
molecular sieves (AW-300), ED, 0 °C, 1 h, 69%; (d) NaOMe,
Et,O—MeOH, rt, 1 h, 93%.

fluorous acyl protecting reagent which is shown in Scheme
1. The reaction of thg-alanine ethyl esterl{ with fluorous

Scheme %
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group was introduced to the three hydroxyl functions of the
mannose derivativé using dicyclohexylcarbodiimide (DCC)
and 4-(dimethylamino)pyridine (DMAP) to giv@ in 87%
yield. The triphenylmethyl (Trt) group o8 was removed
by treatment of the camphorsulfonic acid (CSA) in Me©H
ether to afford the flourous glycosyl accep8in 88% yield
after purification by FC72—toluene extraction. The reason-

0 (o)
c
ROJ\ANW\CBFW_. HO N"""CeFy7 |= Bp
0 CsF17 o CgFi7
5a R=FEt 6
5b R =Me

aReagents and conditions: (a)®0s;, MeCN, reflux, 17 h, 83%;
(b) PyBOP, EiN, CH.Cl,, rt, 3 h, 93%; (c) 1 M NaOH, dioxane,
70°C, 4 h, 98%.
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(7) The tosylate was prepared from perfluorooctylpropanol (DAIKIN,
Tokyo) according to a literature procedure. Pozzi, G.; Cavazzini, M.; Quici,
S.; Fontana, STetrahedron Lett1997,38, 7605.

(8) Compound4 was prepared from perfluorooctylpropanol by Jones
oxidation.

(9) Compounds: white powder!H NMR (400 MHz, CDC§—CD3zOD
=5: 3): 0 = 1.92 (m, 2H), 2.15 (m, 2H), 2.65 (m, 6H), 3.49 (m, 2H),
3.66 (M, 2H). MALDI-TOF-MS: calcd for @H16F34NO3 (M + HT) 1024.1,

found 1022.6; calcd for £H15F3sNOsNa (M + Na*) 1046.1, found 1044.6.

(10) Schmidt, R. RAngew. Chem., Int. Ed. Endl986 25, 212. Schmidt,
R. R.Pure Appl. Chem1989,61, 1257.
(11) FC72 is a commercially available fluorocarbon solvent (3M, Tokyo),

which consists of perfluorohexane df€.) isomers.
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ably pure fluorous disaccharidel'? was obtained in 69%  glucose derivativel 3 used in excess was obtained as the
yield by the reaction o® with 3 equiv of the galactose 1-hydroxyl form of 13 from the toluene extract. Thiert-
derivative 10 in the presence of trimethylsilyl trifluo-  butyldiphenylsilyl (TBDPS) group ofl4 was removed by
romethanesulfonate (TMS-OTT) in ether, followed by FE72  treatment with HFpyridine in THF to give the pure fluorous
toluene extraction after a normal workup. The galactose glycosyl acceptorl5t that was extracted with FC72 by
derivativelOused in excess was obtained as the 1-hydroxyl partition between FC72, water, and toluene. The disaccharide
form of 10 from the toluene extract. Furthermore, we 15 coupled with the glycosyl donod3 under similar
confirmed the deprotection of the Bfp group in the usual schmidt's conditions to afford the crude trisaccharde
manner using NaOMe. After FC#MeOH extraction, the  hich was extracted with FC72 by being partitioned between
disaccharidd 2 was obtained in 93% yield from the MeOH  £c72 and toluene. The analysis of the crude trisaccharide
layer, and the methyl esté&b was obtained in 92% yield 16 by 'H NMR spectroscopy and TLC showed that it
from the FC72 layer. Treatment of the methyl egbwith contained the starting glycosyl acceptb (22%). For
aqueous NaOH gavé that was able to be reused as the cnaracterization of6, the crude trisaccharides was purified

quorouls protﬁcting r.e.agenftf. _ e o haride Y Siica gel chromatography to provide puLe in 50%
To clarify the partition efficiency of the oligosaccharide yield.*> Treatment of puré 6 with HF—pyridine in THF gave

having the _pr group as a_fluorous tag, we synthesized thepure 1712 which was extracted with FC72 by being
longer chain oligosaccharide as shown in Scheme 3. Thepartitioned between FC72, water, and toluene. The coupling
of the trisaccharide.7 with 13 by a similar glycosylation
provided the tetrasaccharid$, which was extracted with

Scheme 8 toluene by being partitioned between FC72 and toluene. The
O'TBDP(% o) O-R unreacted 7 was easily separated frob® only by partition
Akgoég\M o ACQ&&/O between FC72 and toluene. The toluene extract containing
A OWN(HC Cla A0 oSt 18 and the 1-hydroxyl form ofL3 was treated with HF
9 BQ};;?O pyridine in THF to afford the tetrasaccharid®® which
a 14 R=TBDPSs ©OCHs was extracted with FC72 by being partitioned between FC72
15 R=H and toluene. The yield df9 was 10% (two steps) frorh7
O-R and was dependent on the glycosylation $fefithough the
AX%&&O tetrasaccharidé&8 was not extracted with FC72 at all, the
. ACOAXCO&&O O0-Bip deprotected tetrasaccharid® was easily extracted with
- Acgfé)_o &g FC72 by three Bfp groups. To effectively extract longer
16 R=TBDPs BP0 oligosaccharides, the development of other types of fluorous
17 R=H OCHs protective groups and the use of fluorous silica¢ate now
OR in progress.
ACO&&O In conclusion, the use of the Bfp group as a fluorous
ACO=1o A 0&& protective group made it possible to synthesize a natural
¢ Kc0 AcD © oligosaccharide by minimal column chromatography puri-
Ax?&«c 0-Btp fication. Each synthetic intermediate was able to be easily
18 R < TBDPS AC%H'?OO 0 purified by simple FC72organic solvent extraction and
19 R=H P OCH, monitored as a single compound by NMR, mass spectros-

copy, and TLC in contrast to the solid phase synthesis. The

aReagents and conditions: (a) TMS-OTf, molecular sieves (AW- fluorous protecting reage6t(Bfp-OH) was able to be easily
300), EtO, 0°C, 1 h; (b) HF-Py, THF, rt, 24 h; (c) 13 (820 prepared on a large scale. The Bfp group was readily
equiv), TMS-OTf, molecular sieves (AW-300), £ 0°C, 1 h. introduced to the carbohydrate hydroxyl functions, was
removed in high yield by the usual procedure, and was
recyclable after cleavage. With only three Bfp groups was
the glucose derivativd3 in the presence of TMS-OTF in it possible to extract the derivative of the tetrasaccharide with

ether, followed by FC72—toluene extraction, afforded the the F¢72 phase. Further applicatiqn to the syn-thesis of a
disaccharidel4'3 in 75% yield from the FC72 layer. The bioactive carbohydrate and glycoconjugate is now in progress.

reaction of the fluorous glycosyl accep®@wwith 5 equiv of

(12) For characterization df1, the reasonably pufel (90% purity) was (14) Compound.6: colorless oil*H NMR (400 MHz, CDC}) 6 = 1.04
purified by silica gel chromatography to provide pure. CompoundL1: (s, 9H), 1.88 (s, 3H), 1.90 (m, 6H), 1.93 (s, 3H), 1.98 (s, 6H), 2.05 (s, 3H),
colorless oil,'H NMR (400 MHz, CDC}) 6 = 1.88 (m, 6H), 1.97 (s, 3H), 2.06 (s, 3H), 2.08 (m, 6H), 2.56 (m, 13H), 2.72 (m, 5H), 3.39 (s, 3H), 3.43
2.04 (s, 3H), 2.06 (s, 3H), 2.10 (m, 6H), 2.13 (s, 3H), 2.56 (m, 18H), 3.41 (m, 7H), 3.54 (m, 8H), 3.72 (m, 3H), 3.92 (m, 2H), 4.07 (m, 1H), 4.50 (m,
(s, 3H), 3.44 (m, 6H), 3.64 (m, 7H), 3.92 (m, 3H), 4.09 (m, 1H), 4.20 (m, 2H), 4.74 (brs, 1H), 4.8¢5.31 (m, 9H), 7.40 (m, 6H), 7.65 (m, 4H).
1H), 4.45 (m, 1H), 4.74 (m, 1H), 5.05 (m, 1H), 5.22 (m, 4H), 5.41 (m, MALDI-TOF-MS: calcd for GaHiodF102N3028SiNa (M + Na') 4046.5,
1H). MALDI-TOF-MS: calcd for GeH71F102N302:Na (M + Nat) 3562.2, found 4045.1.
found 3561.1; calcd for §gH71F102N3021K (M + K*) 3578.4, found 3577.2. (15) Compound4 6 and18 were obtained without complete optimization

(13) Compoundd4,15,16,17, and19 were not detected by TLC from of glycosidation conditions.
the toluene layer after three extractions with FC72. These results show that  (16) Ryu, |.; Kreimermaan, S.; Niguma, T.; Minakata, S.; Komatsu, M.;
these compounds were quantitatively extracted with FC72. Luo, Z.; Curran, D. PTetrahedron Lett2001,42, 947.
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