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A glycosylation protocol for the synthesis of 2-deoxyglycosides has been developed which is based on the use of polymer-bound reagents.
Glycals are transformed into 2-iodoglycosyl acetates using polymer-bound bis(acetoxy)iodate(l) complex (1). Activation of the anomeric center
is achieved by employing polymer-bound silyl triflate (2). In the presence of different glycosyl acceptors, 2-deoxy-2-iodoglycosides are generated
in very good yields. Furthermore, it is shown that this method can be embedded in multistep sequences toward glycosylated testosterone and
rhodinosyl-olivosyl-olivoside.

Glycoconjugates composed of an (oligo)deoxysugar portion of oligosaccharides including deoxysugar analogiese

and an aglycon are widely distributed in nature and are of been developetl.

wide clinical importancé. Importantly, alterations of the One major disadvantage of solid-phase synthesis is its
saccharide structures can result in improved biological requirement of robust linkers which are stable under various
activity, in particular against drug-resistant microorganidms. reaction conditions. In addition, the target glycoconjugate

However, preparation of these g|ycoconjugates is still a needs to be cleaved from the linker without affecting the

challenging topic. In view of the importance and success of diverse functionalities present in both the saccharide and the

solid-phase chemistry, various polymer-supported synthesesglycon domain.
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Recently, the development and application of polymer- p-olival 5 was converted into glycosyl acetatéa,b (a-
supported reagents have seen a dramatic incredseh has manno/f-gluco2.7:1) in excellent yield after separation
moved functionalized polymers from an academic curiosity (Scheme 1). The key step of this project, however, is the
to a widely recognized synthetic technique. This hybrid solid/

solution-phase technique possesses all the intrinsic advan_

tages of classical solid-phase techniques (i.e., use of excess Scheme 1 Polymer-Assisted Activation of Glycals and

reagents to_drive react_ions to completion fo_llpwed by a Subsequent Glycosidation (Refer Also to Table 1)
simple filtration step to isolate products). Additionally, all e M|
advantages associated with solution-phase chemistry are Pé?éiﬁs 1%80’3\% 8-16
exploited here. OR

In conjunction with our research activities in this fiéld, ® o B £ ki
we initiated a program dedicated to the polymer-assisted pikimg 103080 e Si’ 5
solution-phase synthesis of deoxysugar-based glycoconju- 1 Q@ om
gates using polymer-bound reagehti this Letter, we Me | then 4 40°C
describe the first concise polymer-assisted preparation of %ggzi@ﬁ hMeg -
oligodeoxysaccharides and glycconjugates derived therefrom. OAc

The strategy includes four steps: (1) glycal activation, (2)  «-D-manno 6a, p-D-gluco 6b (86%)

glycosidation, (3) deiodination, and (@-desilylation. The (6a:6b =2.7:1)

final step is necessary for creating a new glycosyl acceptor

and thus opens up the opportunity for repeating the glycosi-

dation. glycosidation step using acetaeas glycosyl donor and
We envisaged a set of polymer-bound reagents andVvarious alcohols as glycosyl acceptors. In solution phase,

activators,1—4 (Figure 1), that we reckoned to be ideally silyl triflates have proven to be powerful activating reagents
for 2-iodo-2-deoxyglycosyl acetafeso we looked for the

_ polymer-based variant. We found that Nafion R SAC-13 and
TMS-Nafion}° which have occasionally been promoted as

strong polymer-bound acid and Lewis acid, respectivély,

|. Glycal activation IIl. Dehalogenation . .
5 turned out to be moderate promotors in this case.
NMe; I(OAc); NMe; BH, Likewise, Montmorillonite K-10 was ineffective in this
Q- ) * o (cat.) CuSO, glycosidation step? Polymer-bound silyl triflate2,'® how-
2 ever, turned out to be a very powerful activator for 2-deoxy-
II. Glycosylation V. Desilylation 2-iodoglycosyl acetates (Table 1). Starting from éhmanne
Et,_Et HF P s isomer 6a, glycosylations of structurally diverse alcohols
O/\/\/S'be Q505 Na were achieved either in dichloromethane or diethyl ether with
2 % total stereocontrol in excellent yield. In most cases filtration
Q@ = rolystyrene and removal of the solvent gave pureglycosides8—1714

In some cases, concentration of the reaction mixture led to
Figure 1. Functionalized polymers for polymer-assisted solution- total decomposition of the products, which can be ascribed
phase synthesis of deoxygenated oligosaccharides. to the presence of TfOH. This problem was overcome by
adding Amberlyst A-217 prior to removal of the solvent.

i i i (8) Kirschning, A.; Jesberger, M.; Monenschein, Fetrahedron Lett.
suited for performing the steps mentioned above. Theselggg"lo, 5999 9002,

reagents can be easily prepared and have the potential to b€ (g) (a) Roush, W. R.; Briner, K.: Sebesta, D.99nlett1993, 264—266.

recovered and recycled. More importantly, they are highly (7bl)4KIZS)mLa,fP.; Sgkljch, HI.I: Balint,PGl. CCarbcI)rf]\yd{:- C\f}enﬂ99g§% 7hOh—
H H H s . . . (c) Lafont, D.; Boullanger, P.; Carvalho, F.; Vottero, roonyar.
reactive and can overcome kinetic restrictions and diffusional Res1997.297, 117126, (d) Lafont, D.; Boullanger, P.: Rosenzweig, M.

limitations associated with polymer-assisted synthesis. J. Carbohydr. Chem1998,17, 1377—1393. (e) Kirschning, A.; Plumeier,
; ; ; C., Rose, LJ. Chem. Soc., Chem. Commu®98, 33-34. (f) Roush, W.
Earlier studies have proven that iodate(l) complex g gc tei"c"E7 Am. Chem. S0d999,121, 35413542, (q) Roush,
promotes 1,2-iodo-acetoxylation of glycals under mild condi- w. R.; Gung, B. W.; Bennett, C. Brg. Lett 1999 1, 891-893. (h) Roush,
i i i W. R.; Narayan, S.; Bennett, C. E.; Briner, Rrg. Lett.1999,1, 895—
tions in excellent yield8. For example, fully protected 897. () Roush, W. R.. Narayan, Srg. Lett. 199, 1, 859-907.
(10) (a) Olah, G. A.; Mehrotra, A. K.Synthesisl982, 962—962. (b)
(5) Recent reviews on polymer-supported reagents: (a) Kirschning, A.; Olah, G. A.; lyer, P. S.; Prakash, G. K. Synthesis986, 513—531.
Monenschein, H.; Wittenberg, Rngew. Chem.. Int. E2001,40, 650— (11) Toshima, K.; Nagai, H.; Matsumura, Synlett1999, 1420—1422.
679. (b) Kirschning, A.; Monenschein, H.; Wittenberg, ®hem Eur. J. (12) Jyoima, T.; Miyamoto, N.; Ogawa, Y.; Matsumura, S.; Toshima,
2000,6, 4445-4450. (c) Ley, S. V.; Baxendale, I. R.; Bream, R. N.; Jackson, K. Tetrahedron Lett1999,40, 5023—5026. (b) Florent, J.-C.; Monneret,
P. S.; Leach, A. G.; Longbottom, D. A.; Nesi, M.; Scott, J. S.; Storer, R. C.J. Chem. Soc., Chem. Comm887, 1171-1172. (c) Laszlo, PScience
I.; Taylor, S. J.,J. Chem. Soc., Perkin Trans.200Q 3815-4195. (d) 1987,235, 1473—1477. (d) Sieskind, O.; Albrecht, Retrahedron Lett.

Drewry, D. H.; Coe, D. M.; Poon, SMed. Res. Re 1999,19, 97-148. 1993,34, 1197-1200.

(6) (a) Sourkouni-Argirusi, G.; Kirschning, Arg. Lett 2001, 2, 3781 (13) Smith, E. M.Tetrahedron Lett1999,40, 3285—3288.
3784. (b) Kirschning, A.; Monenschein, H.; Schmeck,Ahigew. Chem. (14) In some cases, oligo- and polymeric impurities originated from the
1999,111, 2720—2722Angew. Chem., Int. EA.999, 38, 2594—2596. resins were present in the crude product as judgeéHblMR analysis.

(7) Monenschein, H.; Sourkouni-Argirusi, G.; Schubothe, K. M.; O’'Hare, Under these circumstances, a simple gel-filtration step became necessary
T.; Kirschning, A.Org. Lett.1999,1, 2101—-2104. for obtaining analytically pure samples.

3624 Org. Lett., Vol. 3, No. 23, 2001



Table 1. Polymer-Assisted Glycosidation of
2-Deoxy-2-iodo-op-glycosy! Acetateba (Refer Also to Scheme
1
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Next, we extended the concept of polymer-assisted solu-
tion-phase glycosidation to the preparation of a steroid-
derived glycoconjugate as well as a deoxytrisaccharide.

For the glycosylation of testosteroriZ?, a three-step

ELO, -65Cto 13 99 synthesis based on polymer-bound reagents was devised. 1,2-

-10°C, 5h lodoacetoxylation of per-O-acetylated 6-deaeglucal 20
afforded ana-manndg-gluco diasteromeric mixture from
7 Etzci, -75°Cto 14 95 which the major 1,2-addition produ2fiawas employed for
"8 the next step after chromatographic isolation (Scheme 3).
8 Et,0, -75°Cto- 1§ 97

Scheme 3. Polymer-Assisted Glycosylation of Testosterone
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aFor details refer to the Supporting Informatidrields refer to isolated
pure products¢ L-6a was employed? In this case, Nafion-TMS (4 equiv,
Et,O, —70°C to rt, 4.5 d) gave 39% of the desired glycoside ¢ Reduced
yield due to partial decomposition of glycosl acceptor.

21a, Et,0, -70°C to rt,
5h; then 7 (87%)
® @

NMe; OH
2.Q— o,

MeOH, rt, 20h (84%)

Besides simple alcohols (Table 1, entries3), carbohydrate-
derived glycosyl acceptors (entries 4—7), steroids (entries 8
and 9), and even hindered alcohols such-gslifialool (entry

10) were employed successfully. Neighboring group par-
ticipation of the adjacent iodine atom completely governs
the selectivity as is also seen in solution-phase variants. The
good efficiency of the process can be rationalized by

assuming that the react.ive oxonium-type intermediates areqtivation of the anomeric center using reag@riollowed
located on the polymeric support at isolated spots so thatby coupling with steroicd?2 and debenzoylation with Am-
interactions between activated species are suppressed to Berlyst A-26 (OH form) 23 afforded the unprotected

large extent. It is noteworthy that polymer-bound silyl triflate a-glucoside24 in very good yield with high purity ¥ 95%).
2 can be regenerated after use by treatment with TMSCI for The final product was purified by gel filtration and the

removing traces of water followed by treatment with an analytical data confirmed the structure 2#.

excess of TMSOTT. In a more advanced study, we envisaged the preparation
While the TBS-protection is tolerated under the glycosi- of a trisaccharide composed of tweolivose units and 2,3,6-
dation conditions decribed Table 1, entry 4) the polymer- trideoxyhexose-rhodinose (Scheme 4). These deoxyhexoses
bound Lewis acid2 may also cleave the TES group as is are widely found as carbohydrate components in various
demonstrated for glycosyl acetal8 in Scheme 2. glycoconjugates from microbial sources such as the lando-
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Scheme 4. Synthesis of a Rhodinosyl-olivosyl-olivoside
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mycine group of antibiotic& Activation of b-glucal deriva-
tive 5 was the starting point of the synthesis of trisaccharide
28 as described previously.

Separation of the diastereomeric mixture and glycosidation
of 6a with methanol as acceptor led to methyl glycos&le
(Table 1, entry 1) which was further modified after deiodi-
nation andO-desilylation. It has been reported that polymer-
bound borohydrides doped with metal salts such as Ni(@Ac)
or CuSQ 3 are powerful reductants for alkyl iodidés.

Therefore, we turned to a conventional deiodination protocol
(BusSnH, AIBN) at this point. Subsequently, desilylation was
achieved using the HFpyridine complex® Excess desily-
lating reagent was removed with Amberlite A-200 (Na
form) 4. This scavenging reagent turned out to be very
efficient for trapping protonated pyridine as well as the
fluoride anion as its sodium salt. Both solids were simply
filtered off. Now, the stage was set for a second glycosidation
step using olivosyl aceta@aand polymer-bound silyl triflate

2. After neutralization, filtration, and removal of the solvent
in the usual manner, methyl glycosi@® was deiodinated
and desilylated as described previously to yield the next
glycosyl acceptoR6. The sequence toward trisacchard@
was terminated by a third glycosidation step, this time using
rhodinosyl acetat27 as the glycosyl donor. In the presence
of the usual set of polymer-bound reagedtsand 7, the
coupling afforded thet-glycosidation produc28 as a single
isomer.

In conclusion, we have developed the first synthetic
approach to 2-deoxyoligosaccharides and glyconjugates
which relies on polymer-supported reagents. The strategy
includes polymer-assisted glycal activation, glycosidation,
andO-desilylation and affords glycosides in good to excellent
yield without tedious workup and product isolation. Hence,
this synthetic strategy should have the potential to be
applicable for automated parallel synthesis.
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