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Abstract 

A novel cycloetherification process involving a facile 5~exo SN2-type ring closure by intramolecular opening of a ter~ 
minal aziridine ring by a ,),hydroxyl group, with concomitant debenzylation, during the Jleprotection- of a ditbioaceqal 
moiety following a method developed by Mehta and Uma (Tetrahedron, Lett, 1996, 37, 1897-1898) _using nitrogen 
oxides, served as the key step in the s~elective syntheses of furanoid sugar amino acids. 
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1. Introductiou 

Emulating the basic principles followed by nature to build its vast repertoire of biomolecules, 
organic chemists are developing many novel multifunctional building blocks to construct oli
gomers that mimic the ordered secondary structures displayed by the biopolymers and their 
functions;'''' Rationally chosen monomeric units from the large number of sttuctorally diverse 
designed building blocks are woven together in specific sequences by iterative synthetic meth
ods leading to the development of novel homo- and heteropolymers with architectorally beauti
ful 3D structures and desirable properties. Sugar amino acids constitute an important class of 
such polyfunctional scaffolds where the carboxyl, amino and hydroxyl'tennirti provide an ex
cellent opportunity to otganicchemiSts to create structural diversities akin to nature's molecu
lar ljl"Senal.'-'9 The rigid furan orpyran rings of these molecules make them idealcandi~s as 
nonpeptide scaffolds in peptidomimetic studies where. they can be easily incorporated by using 
their carboxyl. and amino termini utilizing well-developed solid-phase or splutioD,-phase 
peptide synthesis methods.20-27 At the .same time, it allows an efficient exploitation of the 
SlruCtorai diversities of carbohydrate molecules to create combinatorial library of sugar amino 
acid-basedm<;>lecular frarneworkspredisposed to fold into architecturalJybeautifnl ordered 
structures .which D1I!Y also have interesting properties. The protec~protected hydroxyl 
groups of sugar rings can also influence the hydrophobiclhydrophilic nature of such molecular 
assemblies. . . . 

Recently, we have reported the synthesis of furanoid sugar amino acids (1), used them as 
confonnationally constrained scaffolds in peptidomimetic studies (2),~·29 ·synthesized their 
oligometS (3) and studied their structores and properties.'" In this paper, we communicate the 
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syntheses of two furanoid sugar amino acids'" 32 in protected forms. methyl N-Boc-6-amino-
2.5-anhydro-3.4-di-O-benzyl-6-deoxy-D-gluconate (4) and methyl N-Boc-6-amino-2.5"anhy
dro-3.4-di-O-benzyl-6-deoxy-D-mannonate (5). following an alternate strategy. which Can be 
used for large-scale preparations. The salient feature of the synthesis isa facile cycloetherifica
tion step in which a terminal aziridine ring was opened regia- and stereoselectively by a "f 
hydroxy group. with concomitant debenzylation. during the deprotection of a dithioacetal moi
ety leading to the targeted tetrahydrofuran ring of 4. 

Scheme 1 delineates the actoal synthesis of methyl gluconate (4). D-glucose (6) was trans
fonned into its trimethylene dithioacetal derivative (7) in 70% yield on treatment with pro
pane-I,3-dithiol under acid-catalyzed conditions.'3-" Acetonide protection of 7lJ!l(1er standard 
conditions gave the 5,6-isopropylidene derivative (8) as the major product in 40% isolated 
yield. The remainillg free hydroxyl groups in 8 were pro!eCted next as the benzyl e!hers to ob
tain the fully protected intermediate (9) in 82% yield. Cleavage of the acetonidering gave.!he 
dioll0 in.85% yield. The primary hydroxyl.group of 10 was converted to.an azide {1.j. in two 
steps in 80% overall yield. Next, the azido alcohol (11) was treated with Ph,P in l"fluxing 
toluene leading to the formation of aziridinyl intennediate, which was protected in situ with 
Boc,O to give Boc-protected terminal aziridinyl intennediate (12) in 91 % yield .. T))e aziridine 
formation followed an SN2 mechanism executing inversion at the C5 position .. 

Most of the inethods known for the deprotection of the dithioacetal moiety failed to carry 
out the desired deprotection in 12. The 'only method that executed the deprotection successfully 
was the one developed recently by Mehta et al. using nitrogen oxides.'~ Treatment of 12 with 
nitrogeit oXides in CH,Cl" according to the reported procedure," gave a re3S0miblyclean reac
tion as observed by 'tLC. However, during the process, it .uso imdetwent a 'facile and sponta
neous intramolecular ring closure by 5-exo SN2-type opening of the' ilziridine ring by the y.OH 
group with concomitant debenzylation giving the desired 2,5-anhydro-D-glucose framework. 
However, the product obtained did not 'show the characteristic NH signal in its 'H NMR spec
trum and was assunted to be the N-nitroso derivative (13). Ni-catalyzed sodium bOtOhydride 
reduction of 13 removed thenitroso group and reduced the aldehyde function as .wellfulmsh
ing the glucitol intennediate (14) with the NHBoc moiety in 40% overall Yield from 12. Thus, 
the dethioacetalization .stepwith nitrogen oxides carried out three transformations in Qne 
po!-<leprotection, a facile cycloetherification and N-nitrosation. The cycloetherification reac
tion can be explained on the basis of the known susceptibility of lineaHtiolecnles having SN2 
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active siles to undergo spontaneous ring'ciosure, induced by a heleroatom at the ),position, to 
produce thermodynamically favourable 5·membered cyclic products, a phenomenon observed 
earlier by US28-30 and others.38 

Finally, oxidation of the primaiy hydroxyl group in 14 to the carboxylic function using an 
excess of pyridinium dichromale (PDC) in DMF followed by esterification with CH2N2 gave 
the methyl gluconale (4) in 70% yield. 

The same stralegy was followed for the synthesis of mannonale congener (5). Starting with 
D·mannose and following the same chemistry described in Scheme I, the methyl mannonate 
(5) was prepared. The physical data of compounds 4 and 5 were identical with those reporIed 
by us earlier.29 

The roule described here will allow large· scale preparations of sugar amino acids required 
for various structural and biological studies. 

2. Experimental 

2.1. General procedures 

NMR spectra were recorded on Varian Gemini 200 or Unity 400 instruments with letnlmethyl· 
silane (TMS) as inlemal standard. IR spectra were recorded on Shimadzu IR-470 and Perkin· 
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Reagents and conditions: (a) 1.3-ProPaDedithiol, cone. HeI, eHCI3• r.t., 24 h; (b) M~C(OMeh. p-TsOH (cat.), DMF, 
r.I., 2 h; (e) BoBr, Nail, TIIF, TBAI, O·C·r.I., 6 h; (d) Cone. HCI, MeOH, r.I., 12 h; (0) i. TsCl, Et,N, DMAP (cat.) 
CHzCl:z, WC, r.t; ii. NaN). DMF. 8Ooe; (f) i.Ph:J». toluene, reflux; ii. BOClO; (g) Nitrogen oxides" CHleh. O°C: (b) 
NaSH., NiCl,.6H,o, TIIF; (i) i. POC, DMF, r.I., 12 h; n. CH,N,. 
Scheme 1. SteIeoselective synthesis of methyl N-Boc-6-amino-2,5-anhydro-3,4-di-O-benzyl-6-deoxy-D-gluconate (4). 
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Elmer 283B instruments, MS were recorded on VO Micromass 70-7OH and, VO Auti Spec M 
spectrometers under electron Impact (EI), , c1wmical ionization (CI) or liquid secondary ion 
mass spectrometric (LSIMS) techniques, All reactions were monitored by TLC and were car
ried Qut ouO,25,mm E. Merck silica gel plates (60F-254). The spots were"isu~ using ei
ther UV 'light,Qr I, or 7% ethanolic phosphomolybdic acid or 2.5% ethap,olicaniSllidehyde 
(with 1 % AcOH and 3.3% conc. H,SO.) as developing agents. Silica gel (fmerthan 200 mesh) 
(Acme, India), was used for flash column chromatography. All reactions were catried out un
der nitrogen annosphere with dry, freshly distilled solvents under anhydrous conditions unless 
otheiwise noted. Yields refer to chromatographically and spectroscopically homogeneous ma
terials unless otherwise stated. 

2.2. N-Boc-6-amino.2,5-anhydr'!-3,4-di-O-benzyl-6-deoxy-D-glucitol (14) 

To a stirred solution of the aziridine (12) (1.3 g, 2.09 mmol) in dry CH,CIz (10 mI), cooled in 
an ice bath, a solution of nitrogen oxides in CH,CIz was added dropwise until all the starting 
material disappeared (monitored by TLC). After completion of the reaction, t1i"reactioit mix
ture was quenched with ice-cold aq. NaHCO, solution (30 mI) and extracted with, CH,CIz 
(50 mI). The organic layer was separated, dried (Na,SO.), and the residue, obtained after the 
remov~ of the solvent, was used for the next step without purification. A solution of the result
ing crude nitrosantine (13) (750 mg, 1.59 mmol) in THF (10 mI) was gradually added to a 
stirred suspension of nickel(II) chloride hexahydrate (756 mg, 3.18 mmol) and sodium boro
hydride (361 mg, 9.54mmol) in THF (20 mI). Stirring was continued fpr 4 h at room tempera-

. ture. The reaction mixture was then poured into ice-cold water (30 mI) and the resultant mix
ture was extracted with ethyl acetate (2 x 40 mI). The combined organic extracts were washed 
with water (40 mI), dried (Na2S0.) and concentrated in vacuo. Column chromatography (Si02, 
25-30% EtOAc in petroleum ether eluant) gave pure Boc-protected amino alcohol (14) (370 
mg, 40% from 12) as a .~rupy liquid. R, = 0.5 (silica gel, 40% EtOAc in petroleum ether); 'H 
NMR (CDC1" 200 MHz): 1) 7.4--7.2 (m, 10 H, ArH), 5.08 (m, I H, NHBoc), 4.6 a1td4.38; 4.6 and 
4.5 (two ABq, 4 H, PhCH20-), 4.1--3.75 (m, 6 H, CI-C5-H), 3.5-3.3 (m, 2 H, C6-H2), 2.3 (broad, 
I H,OH), 1.45 (s, 9 H, Doc). 

2.3. Afethyl N-Boc-6-amino-2,5-anhydro-3,4-di·O·benzyl-6·deoxy-D·gluconate (4) 

To a solution of 14 (301 109, 0.68 mmol) in dry DMF (5 mI), PDC (1.023 g, 2.72 mmol) was 
added at O°c. The reaction mixture was stirred at room temperature under nitrogen annosphere 
for 12 h. It was then diluted with EtOAc (30 mI), washed with saturated CuSO. (20 mI), brine 
(20 mI), dried (Na2SO.), and concentrated in vacuo. The crude product was dissolved in ether 
(4 mI) and an ethereal solution of diazomethane was added dropwise at O°C till the esterifica
tion was complete as shown by TLC. The reaction mixture was then concentrated in vacuo and 
chromatographed (Si02, 5-25'11> EtOAc in petroleum ether eluant) to get pure ester (4) (191 mg) 
and a bicyclic side product.29

;; A solution of the bi,yclic product (40 mg, 0.091 mmol) in dry 
MeOH (1 mI) was treated with anhydrous K2CO, (25 mg, 0.182 mmol) at O°C and the reaction 
mixture was stirred fpr I h at the same temperature. It was then diluted with EtOAc, washed 
with brine, dried (Na2S0.), and concentrated in vacuo. Purification by column chromatography 
(Si02, 5-25% EtOAc in petroleum ether eluant) afforded the ester (4) (32 mg), as a syrupy liq
uid, leading to an overall yield of 70% from 14. Data for 4: R, = 0.4 (silica geL 30% 'EtOAc in 
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petroleum ether); [a]D'" 9.4 (c I, CHCl,); IR (neat); v""" 1765. 1705 em-I; IH NMR (CDC!,; 200 
MHz); 07.4--7.2 (m. IOH, aromatic), 5.3 (m, IH. NHBoc), 4.68 (d, J: 5 Hz, IH, C2-lI), 4.48 
(ABq, 4H. PhCH20-). 4.22 (dd, J = 5 and 2 Hz, IH, C3-H), 4.13 (m. IH, C5-H), 3.88 (del, J = 3 
and 2 Hz, IH, C4-H), 3.72 (s. 3H, COzCH,), 3.4 (m, 2H. C6-H), 1.42 (s. 9H, Boc); "c NMR 
(CDCI" 50 MHz); 0 169.6, 156.1, 137.3, 137.1. 128.5. 128.4. 128, 127.8, 127.7, 83.6, 83.2, 82.7, 
80,79.1.72.4.72.1,52,422,28.4; Mass; (mlz) (%); 494 (25) [M'+Na]. 472 (20) [M'+H], 372 

. (100) [M'+H-100]. HRMS (LSIMS); Calc. for CuH,.ND, [M'+H]; 472.2335. Found; 472.2363. 

2.4. Methyl N-Boc-6-amino-2.5-anhydro-3.4-di-O-benzyl-6-deoxy-D-gluconate (5) 

Compound 5 was prepared from D-mannose in the same way as described above for the 
synthesis of 4. Data for 5; R,= 0.45 (silica gel, 30% EtOAc in petroleum ether); [a]D'" 14.3 (c I, 
CHCI,); IR (neat); v""'" 1770. 1700 cm-I; IH NMR (CDC!" 400 MHz); 07.4--7.2 (m, IOH, ArH), 
5.0 (m, IH, NH), 4.6 and 4.47 (two ABq, 4H, PhCH20-), 4.65 (s, IH. C2-H), 4.33 (s, IH. C3-H). 
4.3 (m, 1H, C5-H), 3.88 (d, J= 1.8 Hz, IH, C4-H), 3.72 (s, 3H, COzCH,), 3.48 and 3.38 (two m. 
2H, C6-H2), 1.42 (s, 9H, Boc); "c NMR (CDCI,. 50 MHz); 1\ 169.156.1,138.25,128.37,127.88, 
127.68, 82.68, 78.65, 75.91, 75.41, 72.68, 71.68. 71.28, 66.93. 41.62. 28.4; Mass; (mlz) (%); 494 
(16) [M'+Na] , 472 (10) [M'+H], 372 (100) [M'+H-100]. 

Acknowledgements 

The authors thank Drs A. C. Kunwar and M. Vairamani for NMR and mass spectroscopic as
sistance, respectively; the Council of Scientific and Industrial Research (CSIR), New Delhi. for 
research fellowship (SO) and the Department of Science and Technology (DST), New Delhi. 
for financial assistance. 

References and notes 

1. SOTH,M.J.AND NOWICK,I. S. 

2. GELLMAN. S. H. 

3. KIRSHENBAUM, K., ZUCKERMANN, R. N. 
AND DIlL, K. A. 

4. (BARRON, A. E. AND 
ZUCKBRMANN, R. N. 

5. MilLLER. C., KrrAS, E. AND 
WBSSEL, H: P. 

6. WESSEL, H. P .• MITCHEU., C. M., 
LoBATO, C. M. AND SCHMID, G. 

7. SUlIARA, Y., ICHlJCAwA. M., 
HILDRETH, J. E. K. AND IClDKAWA, Y.' 

8. McDEVITT, I. P. AND 
LANSBURY,P; T. JR 

9. SMrIlf, M. D., LoNG, O. D., 
MARQUESS,D.G .• CLARIDGE, T. D. W. 
AND F'LBET, G. W. 1. 

Unnatural oligomers and unnatural oligomer libraries, Curro 'Opin. 
Chem. Bioi., 1997, 1, 120--129. 

Foldamers: A manifesto, Ace. Chem. Res .• 1998. 31,173-180. 

Designing polymers that mimic biomolecules. Curro Opin. Struct. 
BioI., 1999,9,530-535. 

Bioinspired polymeric materials: in-between proteins and plastics. 
Curro Opin. Chern. Bioi .• 1999.3.681-687. 

Novel oligosaccharide mimetics by solid-phase synthesis, J. 
Chem. Soc., Chem. Commun., 1995. 2425-2426. 

Saccharide-peptide hybrids as novel oligosaccharide mimetics. 
Angew. Chern. Int. Ed. Engl.. 1995,34.2712-2713. 

Synthesis of sulfated P.l,6-linked oligosaccharide mimetics: A 
novel potent inhibitor of HIV replication, Tetrahedron Lett., 1996, 
37,2549-2552. 

Glycosamino acids: new building blocks for combinatorial syn
thesis. J. Arn. Chern. Soc .• 1996, 118, 3818-3828. 

Synthesis of oligomers of tetrahydrofuran amino acids: Furanose 
carbopeptoids, Chem. Commun., 1998, 2039-:2040. 



122 TUSHAR K. CHAKRABORTY AND SUBHASH GHOSH 

10. SMTIH. M. D .• CLAIuooE. T. D. W .• 
1'RANmR, G. E .• SANSOM, M. S. P. AND 
PulEr. G. W. J. 

It. SMITH, M. D. et al. 

12. LoNG. D. D. et al. 

13. Cl.ARIDoB. T. D. W. et aL 

14. GooDNOW, R. A. JR, 

RICHOU, A. -R. AND TAM, S. 

15. GoooNOW, R. A. JR., TAM. S •• 
PRUESS, D. L. AND MCCOMAS, W. W. 

16. SABBSAN, S. 

17. GERvAY, J. t Fi.AHBRTY. T. M. 
AND NGUYEN, C. 

18. SZABO, L. et al. 

19. SOFIA. M. J. et al. 

20. GRAP VON ROEDERN. E. AND 
KEsSLER,H. 

2!. ORAF VON RoBDBRN, E., LoHOP, E.. 
HEsslER, G •• HOFFMANN. M. 
AND KEssLER. ~. 

22. LoHOF,E.etaL 

23. OVERKl..BBfT, H. S. et aL 

24. ScHREv, A., VESCOVI. A., 
KNOLL, A., RICKERT, C. 
ANDKOERT, U. 

25. DROURLAT. B .• KELLAM. B .• DEKANY. G .• 
STARR, M. S., AND Torn, I. 

Secondary structure in oJigomers of carbobydrate amino acids, 
Chern. Common .• 1998.20417 2042. 

Absence of secondary structure in a carbopeptoid tetramer of a 
trans-5-aminometbyltetrahydrofuran-2--earboxy1ate, Tetrahedron 
Lett .• 1999.40.2191-2194. 

From sequencamers to foldamers7 T.etnuneric furanose carbopep
toids from cis- and trans-5-aplinometbyltetrabydrofuran-2-
carboxylates. Tetrahedron Lett .• 1999.40.2195-2198. 

An octameric carbopeptoid; secondary structure in octameric and 
tetrameric 5-aminometbyltetrahydrofuran-2-carboxylates, Tetrahe
dron Lett .• 1999.40.2199-2202. 

Synthesis of thymine, cytosine, adenine, and guanine containing 
N-Fmoc protected amino acids: Building blocks for construction 
of novel oligonucleotide backbone anal0is, Tetrahedron Lett., 
1997.38.3195-3198. 

Oligomer synthesis and DNA/RNA recognition properties of a 
novel oligonucleotide backbone analog: Glucopyranosyl,nucleic 
amide (GNA). Tetrahedron Lett .• 1997. 38. 3199-3202. 

Synthesis of peptidosialosides and peptidosaccharides, Tetrahe
dron Leu .• 1997.38.3127-3130. 

Solution phase synthesis of (1-+5)'-amide'linked sugar amino 
acid dimers derived from sialic acids, Tetrahedron Leu., 1997, 
38.1493-1496. 

Solid phase synthesis and secondary strucb.lral studies of (1-+5) 
amide-linked sialooligom .... J. Org. C/oem:. 1998,63. 10'14--1078: 

Carbohydrate-based small-molecule scaffolds, for the construction 
of universal phannacophore mapping libraries, J. Org. Chem., 
1998.63.2802-2803. 

A sugar amino acid as a novel peptidomimetic, Angew. Chem. 
Int. Ed. Engl .• 1994.33.687-689. 

Synthesis and conformational analysis of .linear and cyclic pep
tides containing sugar amino acids, J. Am. Chem. Soc., 1996. 
118. 10156-10167. 

Carbohydrate derivatives for use in drug design: Cyclic a,.
selective ROD peptides, Angew. Chem. Int. Ed. Engl .• 2000, 39, 
2761-2764. 

Design and synthesis of a protein: Parnesyltransferase inhibitor 
based on sugar amino aclds,.l'etrahedron Lett., 1999, 40, 4103-
4106. . 

Synthesis and functional studies of a ,membrane-bound THF
gramicidin cation channel, Angew. Chem.' into Ed. Engl., 2660. 39. 
900-902. 

Solid phase synthesis of C-terminal carbohydrate modified en
kephalins, Bioorg. Med. Chem. Lett., 1997, 7, ,2247-2250. 



SYNTHESIS OF FURANOID SUGAR AMINO ACIDS 123 

26. LEE, R. E., SMTIH, M. D., 
PICKERING, L. AND F'LEErr. G. W. J. 

27. SCHREY, A. et al. 

28. CHAKRABORTY, T. K. et aJ. 

29. CHAKRABORTY, T. K. et al. 

30. CHAKRABoRTY, T. K. et al. 

31. 

32. 

33. ROlLIN, P. AND KLAF'PKE. W. 

34. KOILN. O. AND REDUCH. H. 

35. KOlLN. 0., REDUCH, H. 
AND FRANK, H. 

36. KOLLN, O. AND REDUCH, H. 

37. MEHTA, G. AND UMA, R. 

38. DBHMLOw. H. t MULZBR, J'J 
SBllZ, C., SlRECKER, A. R. 
AND KOIRMANN, A. 

An approacb to combinatorial library generation of ga1actofuranose 
mimics as potential inhibitors of mycobacterial cell wall biosynthe
sis~ Synthesis of a peptidomimetic of uridine 5' -diphosphoga1acto
furanose (UDP-Ga!tl, Tetrakdron Len., 1999,40,8689-8692. 

Synthesis of enantiomerically pure amino acids containing 2, 5-
disubstituted 1HF rings in the molecular backbone. Eur. J. Org. 
Chem., 1999, 64, 2977-2990. 

Folded conformation in peptides containing furanoid sugar amino 
acids, J. Am. Chern. Soc., 1998,120, 12962-12963. 

Synthesis and confonnational studies of peptidomimetics contain
ing furanoid sugar amino acids and a sugar diacid. J. Org. Chern., 
2000,65,6441-6457. 

Synthesis and structural studies of oligomers of 6-amino-2, 5-
anhydro-6-deoxy-D-mannonic acid, Tetrahedron Lett., 2000, 41, 
8167-8171. 

For earlier synthesis of furanoid sugar amino acids see references 8, 
9, 11, 12,28-30 and 32. 

For the first synthesis of furanoid sugar amino acids, see: Poitout, 
L., Le Merrer, Y. and Depezay, J. -C., Synthesis of sugar-like 
amino-carboxylic acids from D-Mannitol, Tetrahedron Lett., 1995, 
36,6887-6890. 

Enantiomerically pure insect pheromones: The carbohydrate syn
thetic approach, 1. C.,bohyd. Chem .. 1991,10, 115-157. 

Trlmethylene dithioacetals of carbohydrates; Part 1: D-ribose, D
allose and D-altrose propane-l,3-diyl dithioacetal and their isopro
pylidene derivatives, Synthesis, 1995, 1376-1382 .. 

. Trimethylene dithioacetals of carbohydrates; Part 2: D-arabinose. 
D-glucose and D-mannose propane-l,3-diyl dithioacetal and their 
isopropylidene derivatives, Synthesis, 1995, 1383-1388. 

Trlmethylene dithioacetals of carbohydrates; Part 3: D-lyxose, D
talose and D-galactose propane-l.3-diyl dithioaceta1 and their iso
propylidene derivatives, Synthesis, 1996. 826-832. 

An exceptionally simple and convenient method for dethioa.eetali
zation. Tetrahedron Lett., 1996,37. 1897-1898. 

Stereocontrolled formation of polysubstituted tetrahydrofurans by 
debenzylating cycloetherification, Tetrahedron Lett., 1992. 33, 
3607-3610. 


