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ABSTRACT
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M(OTI), = V(O)(OTF),, Sc(OT)3, PH(OTH)3, Nd(OTf)5,
SmM(OTH)3, Eu(OTH)3, Gd(OTH3

A highly regioselective borane-reductive ring opening of the 4,6-O-benzylidene-p-hexopyranosides to the corresponding 6-alcohols in excellent
yields at room temperature via various metal trifluoromethanesulfonates as catalysts is described here. Its application in the synthesis of
1,4-dideoxy-1,4-imino-L-xylitol is also highlighted.

Regioselective protection of individual hydroxyl groups in regioselectively cleaved at will, with appropriate choice of
a carbohydrate molecule is a prominent problem frequently reaction conditions, to establish orthogonal protecting group
encountered during the synthesis of biologically potent patterns. Some effective reagents to cleave the 4,6-O-
oligosaccharides and glycoconjugates, as well as naturalbenzylidene acetals to provide the correspondit@iéenzyl
productst Substituted and unsubstituted benzylidene acetalsethers have been reporté&or the preparation of the @-

are mainly used for 4,0-protection of hexopyranosides benzyl derivatives, LIAI/AICIs* or DIBALS® are generally
because these not only are easy to install but also can beaused to revert the regioselectivity of ring opening. However,
these reagents lack chemoselectivity, especially with those
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substrates bearing base-sensitive functional groups. Alter-

natively, a combination of reducing reagents (NaCNBE-
SiH, and BH) with Lewis acids (AIC}, BF;-OEL, TMSCI,
PhBCL, and ByBOTf) are also described in the litera-
ture3abefeSince these traditional Lewis acids are extremely

agent. We have explored herein their catalytic activities in
the BH-reductive cleavage of benzylidene acetals.

Methyl 4,6-O-benzylidene-2,3-dB-benzyla-p-glucopy-
ranosidel was selected as the model compound for our
studies. Treatment aof with BH;-THF in the presence of

moisture-sensitive and often have to be used in stoichiometric15 mol % M(OTTf), gave the corresponding 6-alcothin
amounts in the reactions, there is a need to search for newexcellent yields. The reaction conditions and results are
catalysts that are applicable to a wide range of substratesillustrated in Table 1. Initially (entry 1), when the benzylidene

Metal(lll) trifluoromethanesulfonates (M= lanthanide

elements, Sc, In, and Bi) and oxavanadium(IV) trifluoro- _

methanesulfonate [V(O)(OTf) are water-stable, reusable,

and valuable Lewis acids that have been used as efficient

catalysts in a variety of reactiofs!® To the best of our

knowledge to date, these metal trifluoromethanesulfonates

have not been employed in conjunction with a reducing

(4) (a) Liptak, A.; Jodal, |.; Nasai, ”Carbohydr. Res1975,44, 1-11.

(b) Liptak, A.; Jodal, I.; Nasai, RCarbohydr. Res1976,52, 17-22. (c)
Liptak, A.; Jodal, |.; Nasai, RCarbohydr. Resl982 104, 55—-67. (d) Liptak,
A.; Jodal, I.; Nasai, PTetrahedron1982,38, 3721—3727.

(5) (@) Takano, S. Akiyama, M.; Sato, S.; OgasawaraCKem. Lett.
1983, 1593—-1596. (b) Mikami, T.; Asano, H.; Mitsunobu, Chem. Lett.
1987, 2033—2036.

(6) () Guindone, Y.; Girard, Y.; Berthiaume, S.; Gorys, V.; Lemieux,
R.; Yoakim, C.Can. J. Chem1990,68, 897—902. (b) Jiang, L.; Chan,
T.-H. Tetrahedron Lett1998 39, 355-358. (c) Chandrasekhar, S.; Reddy,
Y. R.,; Reddy, C. RChem. Lett1998, 1273—1274.

(7) Diels—Alder reactions: (a) Kobayashi, S.; Hachiya, I.; Araki, M.;
Ishitani, H.Tetrahedron Lett1993,34, 3755-3758. (b) Kobayashi, Eur.

J. Org. Chem1999, 15-27.

(8) Aldol reactions: (a) Kobayashi, S.; Hachiya, I.; Ishitani, H.; Araki,
M. Synlett1993, 472—474. (b) Fukuzawa, S.; Tsuchimoto, T.; Kanai, T.
Bull. Chem. Soc. Jpr1994,67, 2227—2232. (c) Crotti, P.; Bussolo, V. D;
Favero, L.; Pineschi, M.; Pasero, Nl. Org. Chem1996,61, 9548—9552.

(9) Esterifications: (a) Ishihara, K.; Kubota, M.; Kurihara, H.; Yamamoto,
H. J. Am. Chem. S0d 995,117, 4413—4414. (b) Ishihara, K.; Kubota,
M.; Kurihara, H.; Yamamoto, HJ. Org. Chem1996,61, 4560—4567. (c)
Orita, A.; Tanahashi, C.; Kakuda, A.; OteraAhgew. Chem., Int. EQ00Q
39, 2877-2879. (d) Chen, C.-T.; Kuo, J.-H.; Li, C.-H.; Barhate, N. B.;
Hon, S.-W.; Li, T.-W.; Chao, S.-D.; Liu, C.-C.; Li, Y.-C.; Chang, |.-H.;
Lin, J.-S,; Liu, C.-J.; Chou, Y.-COrg. Lett.2001,3, 3729—3732.

(10) Ferrier rearrangements: (a) Yadav, J. S.; Reddy, B. V. S.; Murthy,
C. V. S. R.; Kumar, G. MSynlett2000, 1450—1451. (b) Yadav, J. S;
Reddy, B. V. S.; Chand, P. Rletrahedron Lett2001,42, 4057—4059. (c)
Takhi, M.; Abdel Rahman, A. A.-H.; Schmidt, R. Retrahedron Lett2001,

42, 4053—4056.

(11) O-Glycosylations: (a) Inanaga, J.; Yokoyama, Y.; Hanamotd, T.

Chem. Soc., Chem. CommA93, 1090-1091. (b) Inanaga, J.; Yokoyama,
Y.; Hanamoto, TTetrahedron Lett1993,34, 2791—-2794. (c) Sanders W.
J.; Kiessling, L. L.Tetrahedron Lett1994,35, 7335—7338. (d) Hosono,
S.; Kim, W.-S.; Sasai, H.; Shibasaki, M. Org. Chem1995,60, 4-5. (e)
Yamanoi, T.; lwai, Y.; Inazu, TJ. Carbohydr. Chenil 998,17, 819—822.
(f) Chang, G. X.; Lowary, T. LOrg. Lett.200Q 2, 1505-1508. (g) Adinolfi,
M.; Barone, G.; Guariniello, L.; ladonisi, ATetrahedron Lett2000,41,
9005-9008. (h) Takhi, M.; Abdel Rahman, A. A.-H.; Schmidt, R. Rnlett
2001, 427—429.

(12) Acetolysis: Lee, J.-C.; Tai, C.-A.; Hung, S.-Cetrahedron Lett.
2002,43, 851—855.

(13) Other applications: (a) Kawada, A.; Mitamura, S.; Kobayashi, S.
Synlett1994, 545—546. (b) Fukuzawa, S.-l.; Tsuchimoto, T.; Hotaka, T.;
Hiyama, T.Synlett1995, 1077—1078. (c) Aggarwal, V. K.; Vennall, G. P.
Tetrahedron Lett.1996, 37, 3745—3746. (d) Ishihara, K.; Karumi, Y.;
Kubota, M.; Yamamoto, HSynlett1996, 839—841. (e) Qian, C.; Huang,
T. Tetrahedron Lett1997,38, 6721—6724. (f) Yang, Y.; Wang, [Bynlett
1997 1379-1380. (g) Aggarwal, V. K.; Fonquerna, S.; Vennall, G. P.
Synlett1998 849-850. (h) Aggarwal, V. K.; Vennall, G. FSynthesid4998
1822-1826. (i) Kobayashi, S.; Sugita, K.; Oyamada,3ynlett1999, 138—
140. (j) Kajiro, H.; Mitamura, S.; Mori, A.; Hiyama, TTetrahedron Lett.
1999,40, 1689—-1692. (k) Sharma, G. V. M.; Mahalingam, A. X.Org.
Chem.1999,64, 8943—8944. (I) Sharma, G. V. M.; llangovan, ®ynlett
1999, 1963—1965. (m) Porwanski, S.; Salanski, P.; Descotes, G.; Bouchu,
A. Queneau, Y.Synthesis2000, 525—528. (n) Orita, A.; Nagano, Y.;
Nakazawa, K.; Otera, Synlett2000, 599—602. (0) Muthusamy, S.; Babu,
S. A;; Gunanathan, letrahedron Lett2001,42, 359—362. (p) Yadav, J.
S.; Reddy, B. V. S.; Srihari, FSynlett2001, 673—675. (g) Loh, T.-P.; Hu,
Q.-Y.,; Ma, L.-T.J. Am. Chem. So@001,123, 2450—2451.

848

Table 1. M(OTf),-Catalyzed BH-Reductive Ring Opening of
the 4,6-O-Benzylidene Acetdl at O6

15 mol% M(OTF),,

HO
Ph/%%% BH4/THF Bno&o
BnO BnO
BnOOMe CH,Cly, 1t B“OOMe
1 2
entry M(OTf)n T (°C) t (h) yield (%)

1 V(O)(OTf), 0 27 87
2 V(O)(OTf), rt 3 94
3 Sc(OTf)s rt 5 93
4 Pr(OTf); rt 5 91
5 Nd(OTf)3 rt 4 94
6 Sm(OTf)s rt 35 92
7 Eu(OTf)s rt 3 87
8 Gd(0Tf)3 rt 3 88

acetal ring was opened at’C, it took a prolonged time for
completion and a small amount of acetal-hydrolyzed product
was also detected along with the expected pro@y8%),
whereas conducting the same transformation at ambient
temperature resulted in formation {94%) in much shorter
reaction time. Interestingly, all M(OTf)were appropriate

as catalysts to carry out the bond cleavages at room
temperature in ca. 3—5 h (entries 2—8).

On the basis of our new findings, the applications of V(O)-
(OTM)*in a variety of 4,60-benzylidenes-hexopyranosides
are studied further (Table 2). To test the compatibility of
different protecting groups, the-gluco derivatives3 and5
were examined (entries 1 and 2), and the alcoHcdsd 6
were isolated in 83% and 92% vyields, respectively. The
reactions worked equally well with th&b-gluco- (entries
3-5), a-D-galacto- (entries 6 and 7), amdb-mannopyra-
nosyl sugars (entry 8). It is evident from the above results
that the electron-donating protecting groups in the substrate
speed up the reaction while electron-withdrawing groups
slow it down. Obviously, the reaction rate is concerned with
the nucleophilicity of the 6-oxygen atom for the Lewis acid
catalyst. Finally, to extend this reaction in thglucosamine
derivative 19 the corresponding 6-alcoh@0 was suc-
cessfully obtained in 84% vyield (entry 9). Its absolute
configuration was determined through the X-ray single-
crystal analysis (see Supporting Information).

Iminosugars, which are polyhydroxylated nitrogen-con-
taining heterocycles, have been attracting the interest of

(14) Hung, S.-C.; Thopate, S. R.; Chi, F.-C.; Chang, S.-W.; Lee, J.-C;
Wang, C.-C.; Wen, Y.-SJ. Am. Chem. So@001,123, 3153—3154.
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Table 2. Borane-Reductive Ring Opening of Various Scheme 1
4,6-0O-Benzylidene-hexopyranosides at Room Temperature in OH
the Presence of 15 Mol % V(O)(OTfas Catalyst NaBH, BnO’é/OH
20 4 —OH
entry acetal t(h) product yield (%) MeOH, 73% BnO N3
HO z
TR e
0 0 BnO 0
RO ;ﬁ RO ﬁ Nalo, Bnofgvo 10% Pd/C, H,
#Zome 2 0me MeOH,529% B0 /? EtOH, 1N HCI, 94%
1 3:R=H 12 4:R=H 83 - s
2 5:R=Bz 16 6:R=Bz 92
Ac
HO HoH | OAc
Ph-<-0 o BnO—}/O N- Ac,0, Pyr. N-
BRO-N e\ ~OMe BrO-\—\—-OMe HOJV‘_V e Aco—’w
OR OR OH OAc
7.R=Bn 3 8:R=Bn 86 23 24
9 R=Bz 7.5 10: R=Bz 90
PMP—-0 HO of 20 with sodium borohydride led to the tridl (73%),
o ) ) o
5 205 __set 1 PMggO \_set 86 which was subjected to Nah(DX|dat|v.e.cIeavage of carben
OBn OBn carbon single bond between the vicinal hydroxyl groups to
" 12 furnish the cyclic hemiacet®?2 (92%). Further reduction
Ph of 22 under hydrogenation conditions afforded the target
o0 Bno LOH molecule23 in 94% yield. Comparison of our data of its
go go peracetylated derivativ4 with the literature repott’
RO RO /ﬁ revealed identity with respect f¢1 and3C spectra.
ROOMe ROOMe In conclusion, we have successfully developed a M(@Tf)
13:R=Bn 3 14.R=8n 88 catalyzed regioselective BHeductive ring opening of the
15: R =Bz 18 16:R =Bz 74

4,6-0O-benzyliden®-hexopyranosides to the corresponding
OBn HO— oBn 6-alcohols in excellent yields at room temperature and
8 Ph/%o O 3 BBOJ§ 0 91 applied the key synthoB0 to synthesize 1,4-dideoxy-1,4-
n
OMe

Bno imino-L-xylitol 23 in three straightforward steps. This
OMe . . .
17 18 representative example demonstrates the inherent synthetic
PO HO potential of this methodology. The efforts to prepare other
o 8% N 0Bz 3 Bgﬁ&,@ oBs 90 biologically important iminocyclitols are currently underway.
19 Na 20 Ns Acknowledgment. We thank the National Science Coun-

cil of Republic of China (NSC 90-2113-M-001-057) for
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synthetic chemists as a result of their potent glycosidase Supporting Information Available: Experimental pro-
inhibition, antiviral activities, and anticancer propertieés cedures and characterization data for all new compounds and
a part of our ongoing research program to synthesize thex-ray structural information for compourD. This material
biologically important and rane-form sugars® we proceeded s available free of charge via the Internet at http:/pubs.acs.org.
to prepare 1,4-dideoxy-1,4-iminoxylitol 2317 a potential
inhibitor of glycosidases.
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