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ABSTRACT

Starting with methyl 2-0-cyclohexyIcarbamoyl-3,4-0-(2,2,2-trichloroethyIidene)-a-
D-altropyranoside (1), methyl 4-(2-cyclohexylcarbamoyl-2,3-0-(2,2,2-trichIoroethylidene)-
P-D-gulopyranoside (12), and methyl 6-O-cyclohexylcarbamoyl-2,3-O-(2,2,2-trichloro-
ethylidene)-P-D-gulopyranoside (21), the 6-azido-6-deoxyaltroses 4, 6, 11, the 6-azido-6-
deoxy-D-gulose 14, the 4-azido-4,6-dideoxy-D-guIose 20, and the 4-azido-4-deoxy-D-
gulose 26 were synthesised via iodinated or tosylated precursors. Additionally, two gluco-
configured azides, the 3-azido-3,6-dideoxy-D-glucose (19) and the 3-azido-3-deoxy-D-
glucose (25), were obtained besides the desired 4-azido-4-deoxy-D-gulosides 20 and 26,
when methyl 6-deoxy-4-O-tosyl-P-D-gulopyranoside (18) and methyl 6-O-
cyclohexylcarbamoyl-4-O-tosyl-p-D-gulopyranoside, respectively, were reacted with so-
dium azide. An X-ray analysis is presented for methyl 2,4-di-O-acetyl-3-azido-3,6-dideoxy-
13-D-glucose (19).
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998 HAGER, MIETHCHEN, AND REINKE

INTRODUCTION

Azidosugars ''9 serve as valuable carbohydrate building blocks, e.g. as precursors to

amines,10"" acylated amines,12"15 carbamates,16 1,2,3-triazole derivatives,7'9'17-18 and glyco-

syl fluorides.7'8 Various natural antibiotics contain carbohydrate moieties with aminodeoxy

or deoxy structures. For example, 2-amino-2-deoxy-D-gulose is part of the streptothricine

molecule 19' 20 and 3-amino-3,6-dideoxy-D-mannose is a component of the macrolide-

antibiotic natamycine (pimaricine).19' 2U 22 It is well-known that also numerous 1,2,3-

triazoles are biologically active.23' 24 Consequently, linking them to a hydrophilic moiety

could give interesting mimetic products, e.g., nucleoside analogues and reversed nucleo-

side analogues accessible from azidosugars.

In this paper we describe syntheses of azides of rare monosaccharides as precursors

for products mentioned above. The three starting materials 1, 12, and 21 are easily accessi-

ble by nonconventional one-pot epimerisation of methyl a-D-mannopyranoside and methyl

(3-D-galactopyranoside, respectively.25"26 Some of the azides have been converted to fluori-

nated nucleosides and reversed nucleoside analogues by 1,3-dipolar cycloaddition with

fluorinated dipolarophiles. The latter results are reported in separate papers.27'2S

RESULTS AND DISCUSSION

The strategy of the following syntheses is largely founded on conventional methods

of carbohydrate chemistry (Schemes 1-3). Starting with methyl 2-O-cyclohexylcarbamoyl-

3,4-0-(2,2,2-trichloroethylidene)-o>D-aItropyranoside (I),25 methyl 4-0-cyclohexylcarb-

amoyl-2,3-O-(2,2,2-trichloroethylidene)-P-D-gulopyranoside (12)26 (see also ref. 29), and

methyl 6-0-cyclohexylcarbamoyl-2,3-O-(2,2,2-trichloroethylidene)-P-D-guIopyranoside

(21),26 the 6-azido-6-deoxy-D-altroses 4, 6, 11 (Scheme 1), the 6-azido-6-deoxy-D-gulose

14, the 4-azido-4,6-dideoxy-D-gulose 20, and the 4-azido-4-deoxy-D-gulose 26 were pre-

pared (Schemes 2 and 3).

To introduce the azido group by nucleophilic substitution, either iodinated or tosy-

lated precursors were used. The iodinated precursors, 6-deoxy-6-iodo-D-altrose 3
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0 1—0
<BnO\

CUC OP^O

OMe

11

R = cyclohexyl

Scheme 1: i = BujSnH, AIBN, toluene, reflux;31 ii = PhjP, imidazole, I2, toluene, reflux;
iii = NaN3. DMF, 120 CC; iv = Ac2O, pyr, rt; v = BnBr, NaH, THF, it; vi = MeOH, Me-
ONa, reflux; vii = TosCl, pyr, rt.
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1000 HAGER, MIETHCHEN, AND REINKE
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Scheme 2: i = Ph3P, imidazole, I2. toluene, reflux; ii = NaN3. DMF, 120 °C; iii
Bu3SnH, AIBN, toluene, 75 °C; iv = MeOH, MeONa, reflux; v = TosCI, pyr, rt; vi
CF3COOH, H2O, 50 °C; vii = Ac2O, pyr, rt.
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Scheme 3: i = TosCl, pyr, rt; ii = NaN3, DMF, 120 °C; iii = Bu3SnH, AIBN, toluene,
75 °C; iv = CF3COOH, H2O, 50 °C; v = Ac2O, pyr, rt.

(Scheme 1) and 6-deoxy-6-iodo-D-gulose 13 (Scheme 2), were synthesised from the corre-

sponding monohydroxy derivatives 2 and 12, respectively, with the reagent system

iodine/triphenyl phosphine/imidazole (procedure analogous to ref. 30). Replacement of io-

dide by azide was carried out with sodium azide in DMF at 120 °C. Under these reaction

conditions, methyl 2-O-cyclohexyIcarbamoyl-6-deoxy-6-iodo-3,4-O-ethylidene-a-D-

altropyranoside (3) yielded two products, the methyl 6-azido-2-0-cyclohexylcarbamoyl-6-

deoxy-3,4-0-ethylidene-a-D-altropyranoside (4) (76% yield) and the by-product 5 (20%);

Scheme 1. The latter, a decarbamoylated derivative of 4, was acetylated to 6 before ana-

lytical characterisation. Unlike iodo derivative 3, the methyl 4-0-cyclohexylcarbamoyl-6-

deoxy-6-iodo-2,3-C?-(2,2,2-trichloroethylidene)-P-D-gulopyranoside (13) reacted more se-
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1002 HAGER, MIETHCHEN, AND REINKE

lectively with sodium azide at 120 °C, i.e., the expected methyl 6-azido-4-0-

cyclohexylcarbamoyl-6-deoxy-2,3-0-(2,2,2-trichloroethylidene)-P-D-gulopyranoside (14)

was isolated in 90% yield (Scheme 2). Additionally, the guloside 13 was hydrodehalo-

genated to methyl 4-(9-cycIohexylcarbamoyl-6-deoxy-2,3-0-ethylidene-P-D-

gulopyranoside (15). On heating 13 with tributylstannane/AIBN in toluene the trichloro-

ethylidene as well as the iodomethyl group were reduced (Scheme 2) giving 15 in quantita-

tive yield.

Various intermediates presented in the Schemes 1-3 contain, besides usual protec-

ting groups, the acid-stable trichloroethylidene acetal and a cyclohexylcarbamoyl group.

The best strategy to remove a trichloroethylidene group was a two step procedure, i.e.,

hydrodechlorination with Bu3SnH/AIBN31'32 followed by cleavage of the acid-labile ethyl-

idene acetal by aqueous trifluoroacetic acid (TFA). Reduction of a trichloroethylidene

group with Bu3SnH/AIBN could not be carried out in the presence of an azido group, be-

cause the reagent attacks azido groups.33 Therefore, we converted the trichloroethylidene

moiety of D-altrose 1, D-gulose 13, and D-gulose 22 in an early synthetic step (Schemes 1-

3).

Removing of carbamoyl groups was achieved by refluxing the corresponding sugar

derivative with methanolic sodium methoxide.26'29 Some monohydroxy sugars used as

starting materials for the synthesis of deoxyiodides or tosylates were generated by selective

decarbamoylation or by intramolecular rearrangements of a carbamoyl group. As shown in

previous papers,26'29 treatment of 4-0-carbamoyl-gulopyranosides with methanolic sodium

methoxide at room temperature causes carbamoyl migration forming the corresponding 6-

0-carbamoyI gulosides, whereas refluxing of the mixtures gave decarbamoylation. Re-

cently, it was observed that sodium hydride likewise causes carbamoyl migrations in THF

solution.3"1 The following example shows that carbamoyl migration and benzylation may be

combined under conventional benzylation conditions. Thus, methyl 2-0-

cyclohexylcarbamoyI-3,4-0-(2,2,2-trichloroethylidene)-a-D-altropyranoside (1) treated

with sodium hydride and benzyl bromide in THF for 24 h at room temperature, gave two

products, the 2-0-benzyl-6-0-cyclohexylcarbamoyI-D-altropyranoside 7 (49%) and the

2,6-di-O-benzyl-D-altropyranoside 8 (10%) (Scheme 1). A longer reaction time than 24

hours or a higher excess of benzyl bromide than given in the experimental part favoured the
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NON-GLYCOSIDIC AZIDES OF D-ALTRO- AND D-GULOPYRANOSE 1003

formation of the decarbamoylated by-product 8. The major product 7 was subsequently

decarbamoylated to 9 by refluxing with methanolic sodium methoxide. Compound 9 was

the precursor for the preparation of tosylate 10 (Scheme 1).

The tosylates 10, 17, and 22 were synthesised by treatment of the 6-hydroxy-D-

altrose derivative 9 (prepared by decarbamoylation of 7; Scheme 1), the 4-hydroxy-6-

deoxy-D-gulose derivative 16 (prepared by decarbamoylation of 15; Scheme 2), and the 4-

hydroxy-D-gulose 21 (Scheme 3), respectively, with/Mosyl chloride/pyridine at room tem-

perature. These three tosylates were heated (120 °C) with sodium azide in DMF to gene-

rate the corresponding azides by nucleophilic substitution. The results were different. As

expected, 6-azido-6-deoxy-D-altroside 11 was obtained from 10 in a high yield (88%) after

heating the reaction mixture for 1 h (Scheme 1). Under similar reaction conditions the 4-O-

tosylated starting material 18, prepared by deacetalation of the ethylidene derivative 17

with aqueous TFA, produced two regioisomeric azides, methyl 3-azido-3,6-dideoxy-P-D-

glucopyranoside and methyl 4-azido-4,6-dideoxy-P-D-gulopyranoside. It would appear that

a 3,4-epoxide is formed as intermediate. The mixture of isomeric azides was acetylated and

the two di-O-acetyl derivatives 19 and 20 obtained were separated by column chromato-

graphy (Scheme 2). The g/HCO-configured isomer 19 crystallised from an diethyl ether-

acetone mixture, so that an X-ray analysis could be carried out (Figure 1).

Only elimination to methyl 6-0-cyclohexylcarbamoyl-4-deoxy-2,3-O-(2,2,2-

trichloroethylidene)-P-D-e/y//7ro-hex-4-enopyranoside (23) was observed when the tosy-

Iated D-guloside 22 was treated with sodium azide as described above (Scheme 3). The

easy elimination of /Moluenesulphonic acid resulted from the fra/w-diaxial arrangement of

5-H and the tosylate group/4 However, after the 3-position of the 4-O-tosylate was depro-

tected, introduction of an azide moiety was favoured.

As shown in Scheme 3, the azides 25 and 26 were prepared from 22 in four steps

via reduction of 22 and 2,3-deacetalation of the methyl 6-0-cyclohexylcarbamoyl-4-0-

tosyl-2,3-O-ethylidene-P-D-gulopyranoside (24) with aqueous TFA giving methyl 6-0-

cyclohexylcarbamoyl-4-O-tosyl-P-D-gulopyranoside. The latter was heated (120 °C) for 5

h with sodium azide in DMF yielding a mixture of two isomeric azides. The two azides

resulted again by opening of the 3,4-epoxide intermediate primarily formed from methvl 6-O-
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1004 HAGER, MIETHCHEN, AND REINKE

N3

C9

Figure 1: X-ray structure of methyl 2,4-di-0-acetyI-3-azido-3,6-dideoxy-P-D-gluco-
pyranoside (19); 30% probability of the terminal ellipsoids.

cyclohexylcarbamoyl-4-O-tosyl-p-D-gulopyranoside. After acetylation of the mixture with acetic

anhydride/pyridine, methyl 2.4-di-0-acetyl-3-azido-6-0-cyclohexylcarbarnoyl-3-deoxy-p-D-

glucopyranoside (25) and methyl 2,3-di-0-acetyI-4-azido-6-O-cyclohexylcarbamoyl-4-deoxy-p-D-

gulopyranoside (26) were isolated by column chromatography in yields of 39 and 42%, respec-

tively, related to 24.

The structures of the compounds 3, 4, 6-11, 13-20, and 22-26 are supported by their 'H

and 13C NMR spectra. In the case of 2-0-benzyI-6-O-carbamoyl-o>D-altropyranoside 7 'H NOE

measurements were carried out. The obvious assignments of the isomers 19/20 and 25/26 to the D-

ghico- and D-g!//o-series, respectively, were carried out on the basis of the proton couplings. Thus,

D-glucopyranose derivative 25 shows only large coupling constants (3Ji,2«7.9 Hz, 3J2,3 ~IOA

Hz, 3J3>4«10.0 Hz, 3J4.5«9.9 Hz) as a result of the rram-diaxal arrangement of all pyranose

ring protons. The corresponding couplings of the D-guIopyranoside 26 are 3Ji.2 «7.6 Hz,
3J2.3 «3.3 Hz, 3J3,4 «4.5 Hz, and 3J4,5 a2.3 Hz. Similar data were found for the pair of iso-

mers 19/20 (see experimental part). The structure of g/wco-configured azide 19 was addi-

tionally confirmed by an X-ray analysis (Figure 1). The puckering parameters3536 of com-

pound 19 indicate a slightly distorted *C\ chair conformation of the pyranose ring. With
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NON-GLYCOSIDIC AZIDES OF D-ALTRO- AND D-GULOPYRANOSE 1005

reference to literature data of a pyranoid ring (Q = 0.56 A, 0 = 50)35, the total puckering

amplitude (Q = 0.589 A) and the magnitude of the distortion (8 = 7.9°) were determined;

its (p-value was 310.2°.

For the X-ray structure determination a suitable crystal of 19 was fixed onto a glass

fibre and a data collection started on a STOE-IPDS. The structure was solved by direct

methods (SHELXS-86, G. M. Sheldrick, Universitat Gottingen, 1986) and refined by the

full matrix least-squares method ofBruker SHELXTL, Vers.5.10, Copyright 1997, Bruker

Analytical X-ray Systems. All nonhydrogen atoms were refined anisotropically. The hydro-

gens were put into theoretical positions and refined using the riding model.

Further details of the data collection: Difrractometer: STOE IPDS; Radiation: X =

0.71069 A (Mo-Kc) with graphite monochromator; crystal size: 0.50 x 0.40 x 0.30 mm3;

formula: C11H17N3O6; formula weight: 287.28; temperature 200(2) K; crystal system: or-

thorhombic; space group: P2j2i2i; unit cell dimensions: a = 8.123(1) A, b = 9.362(1) A, c

= 19.009(2) A; volume: 1445.6(3) A3; Z = 4; density (calcd): 1.320 Mg/m3; absorption co-

efficient: 0.108 mm-1; F(000): 608; 0 range for data collection: 2.42 to 24.16° ; index

ranges: -9 < = h < = 9, -10 < = k < = 10, -21 < = 1 < = 21; reflections collected: 5547; in-

dependent reflections: 2104; R(int) = 0.0391, completeness to 0 = 24.16° , 94.1 %; data /

restraints / parameters: 2 1 0 4 / 0 / 1 8 1 ; goodness-of-fit on F2: 0.890; final R indices fl > 2o

( I )]: Rl = 0.0315, wR2 = 0.0611; R indices (all data): Rl = 0.0495, wR2 = 0.0652; abso-

lute structure parameter: 1.3(12); largest diff. peak and hole: 0.088 and -0.115 e/A3. Crys-

tallographic data (excluding structure factors) for the structure reported in this paper have

been deposited with the Cambridge Crystallographic Data Centre as supplementary publi-

cation no. CCDC-137235. Copies of the data can be obtained free of charge an application

to The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: Int.code +(1223)

336-033; e-mail:deposit@ccdc.cam.ac.uk).

EXPERIMENTAL

'H and 13C NMR: Bruker AC 250; internal standard TMS, J values in Hz. TLC:

Silica gel foils 60 F254 (Merck). Column chromatography: Silica gel 60 (63-200
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(Merck). Melting points: Polarising microscope Leitz Laborlux 12 Pol equipped with a hot

stage Mettler FP 90. Optical rotation: Polar LuP (IBZ Mefitechnik). Chemicals: 60% sus-

pension of NaH in paraffin oil (Fluka); AIBN (Fluka), Bu3SnH (Aldrich), Amberlite IR 120

(Fluka).

Methyl 2-0-cyclohexylcarbamoyl-6-deoxy-3,4-OethyIidene-6-iodo-oc-D-altro-

pyranoside (3). To a soln of methyl 2-0-cyclohexylcarbamoyl-3,4-0-ethylidene-a-D-

altropyranoside (2)31 (1.73 g, 5.0 mmol) and Ph3P (1.97 g, 7.50 mmol) in 15 mL dried

toluene, imidazole (1.02 g, 15.0 mmol) and iodine (1.90 g, 7.50 mmol) were added and the

mixture was refluxed with vigorous stirring for about 20 min (TLC control). After decant-

ing and treatment of the solid with EtOAc (twice 10 mL), the combined organic phases

were subsequently washed with 10 mL of 3% aq Na2S2O4 soln and water (twice 10 mL),

dried (MgSO4) and concentrated under reduced pressure. The residue was purified by co-

lumn chromatography (Rf = 0.28; heptane/EtOAc, 6:1). Yield: 2.23 g (98%), mp 121-123

°C (i-PrOH); [ajo23 +66.7 (c 1.06, chloroform). lH NMR (250.1 MHz, CDC13): 8 5.38 (q,

1H, 3JaCctai.H'cihyiitac<:H3 « 5.0, acetal-H), 5.05 (dd, 1H, 3Jm * 2.5,3JM « 4.3, 2-H), 4.64 (d,

1H, 1-H), 4.62-4.73 (m, 1H, carbamoyl-NH), 4.16 (dd, 1H, 3J3 /4«5.9, 3-H), 3.98 (dd,
3J4/5 ~ 9.2, 4-H), 3.69 (ddd, 1H, 3J5/6 * 2.3,3J5/6- * 8.8, 5-H), 3.54 (dd, 1H, 2J6/6- * 10.7, 6-

H), 3.48 (s, 3H, MeO), 3.36-3.55 (m, 1H, cyclohexyl CH), 3.21 (dd, 1H, 6'-H), 1.85-2.01

(m, 2H, cyclohexyl CH2), 1.53-1.78 (m, 3H, cyclohexyl CH2), 1.31 (d, 3H, ethylidene

CH3), 1.01-1.41 (m, 5H, cyclohexyl CH2);
 13C NMR (75.5 MHz, CDC13): 8 155.3 (car-

bamoyl CO), 103.1 (acetal C), 101.0 (C-l), 75.0, 74.5, 69.1, 67.0 (C-2,3,4,5), 56.0

(MeO), 50.2 (cyclohexyl CH), 33.3, 25.4, 24.7 (cyclohexyl CH2), 20.7 (ethylidene CH3),

6.2 (C-6).

Anal. Calcd for Ci6H26INO6 (455.3): C, 42.21; H, 5.76; N, 3.08. Found: C, 42.44;

H, 5.83; N, 3.17.

Methyl 6-azido-2-0-cycIohexyIcarbamoyl-6-deoxy-3,4-0-ethylidene-cc-D-altro-

pyranoside (4) and methyl 6-azido-6-deoxy-3,4-0-ethylidene-a-D-altropyranoside (5).

A soln of 3 (2.28 g, 5.0 mmol) and NaN3 (0.36 g, 5.50 mmol) in dried DMF (10 mL) was

stirred for 1.5 h at 120 °C. Subsequently, the mixture was cooled down, poured on 10 g of

ice and extracted with diethyl ether ( 3 x 1 0 mL). The combined organic phases were dried

(MgSO4), concentrated under reduced pressure and the residue was purified by column
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chromatography yielding 1.41 g (76%) of the major product 4 (heptane/EtOAc 10:1; Rf =

0.15) and 0.25 g (20%) of the by-product 5 (eluent exchange to toluene/EtOAc 5:1 after

separation of the main spot; Rf = 0.18). The by-product 5 was acetylated generating 6.

4: mp 112-114 °C (i-PrOH); [ot]D
22 +46.8 (c 1.05, chloroform); 'H NMR (300.1 MHz,

CDCI3): 6 5.38 (q, 1H, 3JaCeui.K=%.idene-aD * 4.9, acetal-H), 5.07 (dd, 1H, 3J1/2«3.0,

3J2/3«4.7, 2-H), 4.67 (d, 1H, 3JNHCH«7.4, carbamoyl-NH), 4.63 (d, 1H, 1-H), 4.18 (dd,

1H, 3J3,4 ~ 5.9, 3-H), 4.09 (dd, 3J4,5 ~ 9.4, 4-H), 3.88 (ddd, 1H, %6 * 2.9, 3J5/6- ~ 6.6, 5-

H), 3.50 (dd, 1H, 2J6/6.« 13.1, 6-H), 3.43 (s, 3H, MeO), 3.41 (dd, 1H, 6'-H), 1.85-2.00

(m, 2H, cyclohexyl CH2), 1.52-1.77 (m, 3H, cyclohexyl CH2), 1.30 (d, 3H, ethylidene

CH3), 1.03-1.43 (m, 5H, cyclohexyl CH2);
 13C NMR (75.5 MHz, CDC13): 5 154.0 (car-

bamoyl CO), 101.7, 99.4 (C-l, acetal C), 74.3, 71.7, 69.0, 66.8 (C-2,3,4,5), 55.8 (MeO),

52.4 (C-6), 50.2 (cyclohexyl CH), 33.3, 25.4, 24.7 (cyclohexyl CH2), 20.6 (ethylidene

CH3).

Anal. Calcd for Ci6H26N4O6 (370.4): C, 51.88; H, 7.08; N, 15.13. Found: C, 51.90;

H, 7.01; N, 14.87.

5: 'H NMR (300.1 MHz, CDC13): 6 5.23 (q, 1H, ĉcui-H/cthyiidcc-cm * 4.9, acetal-H), 4.48

(d, 1H, 3J1/2« 5.2, 1-H), 4.20 (dd, 1H, 3JM ~ 7.7,3J3/4* 7.1, 3-H), 4.09 (dd, 3J4/5 ~ 9.4, 4-

H), 3.83 (dd, 1H, 2-H), 3.80 (ddd, 1H, 3J5/6«3.0, 3J5/6-^6.7, 5-H), 3.42 (s, 3H, MeO),

3.40 (dd, 1H, 2J6/6-« 13.1, 6-H), 3.33 (dd, 1H, 6'-H), 1.29 (d, 3H, ethylidene CH3);
 13C

NMR (75.5 MHz, CDC13): 5 101.7, 101.2 (C-l, acetal C), 77.1, 72.9, 69.5, 68.7 (C-

2,3,4,5), 55.7 (MeO), 52.6 (C-6), 19.8 (ethylidene CH3).

Methyl 2-0-acetyl-6-azido-6-deoxy-3,4-0-ethyIidene-a-D-ahropyranoside (6).

A soln of 5 (0.25 g, 1.0 mmol) in pyr/acetic anhydride (10 mL, 1:1 v/v) was stirred at rt for

10 h (TLC control). After evaporation of the solvents under reduced pressure, the oily

residue was dissolved in diethyl ether (20 mL), washed with 3% aq NaHSO4 (twice 5 mL)

and water (twice 5 mL), dried (Na2SO4) and concentrated. The residue was purified by

column chromatography (eluent: heptane/EtOAc 6:1, Rf = 0.36) giving 0.27 g (94%) of

the syrupy product 6, [aJD23 +43.3 (c 1.03, chloroform); !H NMR (300.1 MHz, CDC13): 8

5.36 (q, 1H, 'J^i-iicAyiidcnccm * 4.9, acetal-H), 5.19 (dd, 1H, 3J1/2 * 3.7,3h* * 5.7, 2-H),

4.60 (d, 1H, 1-H), 4.20 (dd, 1H, 3J3 /4«6.3, 3-H), 4.12 (dd, 3J4/5« 9.4, 4-H), 3.90 (ddd,

1H, 3J5/6 a 2 .9, 3JW « 6.9, 5-H), 3.49 (dd, 1H, 2J6/6. « 13.2, 6-H), 3.43 (s, 3H, MeO), 3.41
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1008 HAGER, MIETHCHEN, AND REINKE

(dd, 1H, 6'-H), 2.11 (s, 3H, acetyl CH3), 1.31 (d, 3H, ethylidene CH3);
 I3C NMR (75.5

MHz, CDC13): 5 169.5 (acetyl CO), 101.7, 99.2 (C-l, acetal C), 74.6, 72.2, 69.0, 67.6 (C-

2,3,4,5), 55.8 (MeO), 52.5 (C-6), 20.9, 20.4 (acetyl CH3, ethylidene CH3).

Anal. Calcd for CiiH,7N3O6 (287.3): C, 45.99; H, 5.96; N, 14.63. Found: C, 46.08;

H, 6.01; N, 14.35.

Methyl 2-0-benzyl-6-0-cycIohexylcarbamoyl-3,4-0-(2,2,2-trichloroethylide-

ne)-a-D-altropyranoside (7) and methyl 2,6-di-0-benzyl-3,4-0-(2,2,2-trichloro-

ethyIidene)-a-D-aItropyranoside (8). To a soln of methyl 2-0-cyclohexylcarbamoyl-3,4-

0-(2,2,2-trichloroethylidene)-a-D-altropyranoside (I)25 (1.0 g, 2.23 mmol) in anhyd THF

(10 mL) a 60% suspension of NaH in paraffin oil (0.11 g, 2.79 mmol) was added with stir-

ring at rt in portions. Then benzyl bromide (0.33 mL, 2.79 mmol) was added and stirring

was continued. After 24 h the reaction was finished (TLC control) and nonreacted sodium

hydride was carefully decomposed by adding of an ether/water mixture (10 mL, 1:1, v/v) in

portions. The organic phase was separated and the aqueous phase was extracted with ether

(twice 10 mL). The combined organic phases were washed with 3% aq NaHSCM soln (10

mL) and water (twice 10 mL), dried (MgSO4) and the solvents were evaporated under

reduced pressure. The residue was purified by column chromatography (heptane/EtOAc

5:1) yielding 0.59 g (49%) of the syrupy major product 7 (Rf = 0.23), ([a]D
23 +33.8 ; c

1.10, chloroform), 0.11 g (10%), of the syrupy by-product 8 (Rf= 0.45), ([a]D
25 +32.0; c

1.42, chloroform), and 0.15 g (15%) of non-reacted starting material 1 (Rf = 0.08).

7: 'H NMR (250.1 MHz, CDC13): 8 7.26-7.41 (m, 5H, phenyl CH), 5.36 (s, 1H, acetal-

H), 4.72 (s, 2H, benzyl CH2), 4.52-4.71 (m, 4H, 1-H, 3-H, 4-H, carbamoyl-NH), 4.36 (dd,

1H, 3J 5 / 6~3.1 , 2J6/6« 11.9, 6-H), 4.21 (dd, 3Jj*-*6.2, 6'-H), 3.78-3.98 (m, 1H, 5-H),

3.62 (dd, 1H, 3J,/2«3.8, 3 J 2 G «6.1 , 2-H), 3.39 (s, 3H, MeO), 3.32-3.59 (m, 1H, cyclo-

hexyl CH), 1.84-2.00 (m, 2H, cyclohexyl CH2), 1.51-1.77 (m, 3H, cyclohexyl CH2), 1.01-

1.45 (m, 5H, cyclohexyl CH2);
 13C NMR (75.5 MHz, CDC13): 8 155.0 (carbamoyl CO),

137.4 (phenyl C), 128.4, 128.0, 127.9 (phenyl CH) 107.6 (acetal C), 100.7 (C-l), 99.6

(CCI3), 78.6, 76.6, 74.0, 67.1 (C-2,3,4,5), 73.0 (benzyl CH2), 64.0 (C-6), 55.4 (MeO),

49.9 (cyclohexyl CH), 33.3, 25.4, 24.7 (cyclohexyl CH2).

Anal. Calcd for C23H30CI3NO7 (538.9): C, 51.27; H, 5.61; N, 2.60. Found: C,

51.77; H, 5.73; N, 2.58.
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NON-GLYCOSIDIC AZIDES OF D-ALTRO- AND D-GULOPYRANOSE 1009

8: 'H NMR (250.1 MHz, CDC13): 5 1.21-1 A3 (m, 10H, phenyl CH), 5.35 (s, 1H, acetal-

H), 4.76 (s, 2H, benzyl CH2), 4.71 (dd, 1H, 3JM ~ 1.9, 3J3,4*=4.5, 3-H), 4.70 (dd, 1H,
3J4/5 ~ 8.8, 4-H), 4.68 (d, 1H, 3JJ/2« 4.6, 1-H), 4.65 (d, 1H, benzyl CH2), 4.60 (d, 1H, ben-

zyl CH2), 3.89 (ddd, 1H, 3J5/6 ~ 2.7,3J5/6- * 5.6, 5-H), 3.78 (dd, 2J6/6- ~ 10.9, 6-H), 3.67 (d,

1H, 6'-H), 3.63 (dd, 1H, 2-H), 3.43 (s, 3H, MeO); I3C NMR (75.5 MHz, CDC13): 6

137.9, 137.6 (phenyl C), 128.4, 127.9, 127.8, 127.6, 127.5 (phenyl CH) 107.8 (acetal C),

101.1 (C-l), 99.8 (CCI3), 79.2 (C-3), 77.3 (C-4), 74.5 (C-2), 73.4, 72.9 (benzyl CH2), 70.0

(C-6), 68.9 (C-5), 55.4 (MeO).

Anal. Calcd for C23H25CI3O6 (503.8 ): C, 54.83; H, 5.00. Found: C, 54.58; H, 5.17.

Methyl 2-0-benzyI-3,4-0-(2,2,2-trichIoroethylidene)-a-D-aItropyranoside (9).

Compd 7 (1.08 g, 2.0 mmol) dissolved in 1% methanolic NaOMe (15 mL) was decar-

bamoylated by heating the soln under reflux for 30 h. Subsequently, the reaction mixture

was cooled and neutralised with an acidic ion exchanger resin (Amberlite IR-120). After

evaporation of the solvent under reduced pressure and column chromatographic purifica-

tion (toluene/EtOAc 7:1, Rf = 0.27) compd 9 was obtained in a yield of 0.53 g (60%), mp

86-88 °C (i-PrOH); [ a ] D
s +52.8 (c 1.12, chloroform); !H NMR (250.1 MHz, CDCh): 8

1.26-1.42 (m, 5H, phenyl CH), 5.37 (s, 1H, acetal-H), 4.74 (s, 2H, benzyl CH2), 4.64-4.71

(m, 3H, 1-H, 3-H, 4-H), 3.85-3.98 (m, 1H, 6-H), 3.63-3.82 (m, 3H, 2-H, 5-H, 6'-H), 3.40

(s, 3H, MeO); 13C NMR (62.9 MHz, CDC13): 5 137.5 (phenyl C), 128.5, 128.0 (phenyl

CH), 107.8 (acetal C), 100.8 (C-l), 99.7 (CC13), 78.5, 76.7, 73.0, 69.2 (C-2,3,4,5), 73.6

(benzyl CH2), 62.9 (C-6), 55.5 (MeO).

Anal. Calcd for C,6Hi9Cl3O6 (413.7): C, 46.46; H, 4.63. Found: C, 46.32; H, 4.59.

Methyl 2-0-benzyI-6-0-tosyl-3,4-0-(2,2,2-trichloroethyIidene)-a-D-aItropyra-

noside (10). A soln of 9 (0.41 g, 1.0 mmol) and/?-tosyl chloride (0.24 g, 1.25 mmol) in

anhyd pyridine (10 mL) was stirred for 17 h at rt (TLC control). The mixture was concen-

trated under reduced pressure and the residue was dissolved in diethyl ether (10 mL). Sub-

sequently, the ethereal phase was washed with 3% aq NaHSO4 soln (5 mL) and water

(twice 5 mL), dried (MgSO.«) and concentrated under reduced pressure. The residue was

purified by column chromatography (heptane/EtOAc 6:1): Rf = 0.22. Yield of 10: 0.53 g

(94%), mp 85-87 °C (i-PrOH/ether v/v = 3/1); [cc]D
22+43.5 (c 1.15, chloroform); 'HNMR

(250.1 MHz, CDCI3): 5 7.76-7.84 (m, 2H, tosyl CH), 7.24-7.39 (m, 7H, 2x tosyl CH, 5x
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1010 HAGER, MIETHCHEN, AND REINKE

phenyl CH), 5.29 (s, 1H, acetal-H), 4.69 (s, 2H, benzyl CH2), 4.62 (dd, 1H, 3JM « 6.0,
3J3 /4«6.8, 3-H), 4.60 (d, 1H, 3JI /2«3.7, 1-H), 4.42 (dd, 1H, 3J4.,5« 9.3, 4-H), 4.32 (dd,

1H, 3J3/6~2.6, 2J6/6-« 11.0, 6-H), 4.14 (dd, 3J5/6-«6.6, 6'-H), 3.84 (ddd, 1H, 5-H), 3.62

(dd, 1H, 2-H), 3.34 (s, 3H, MeO), 2.43 (s, 3H, tosyl CH3);
 I3C NMR (75.5 MHz, CDC13):

6 145.0 (tosyl C-SO3), 137.3 (phenyl C), 132.3 (tosyl C-CH3), 129.9, 128.5, 128.0, 127.9

(tosyl CH, phenyl CH), 107.7 (acetal C), 100.6 (C-l), 99.5 (CC13), 78.5, 76.6, 73.4, 66.8

(C-2,3,4,5), 73.0 (benzyl CH2), 69.1 (C-6), 55.4 (MeO), 21.7 (tosyl CH3).

Anal. Calcd for C23H25Cl3OgS (567.9): C, 48.65; H, 4.44; S, 5.65. Found: C, 48.61;

H, 4.37; S, 5.73.

Methyl 6-azido-2-0-benzyl-6-deoxy-3,4-0-(2,2,2-trichloroethyIidene)-a-D-

altropyranoside (11). A soln of 10 (2.84 g, 5.0 mmol) and NaN3 (0.36 g, 5.50 mmol) in

dried DMF (10 mL) was stirred for 1 h at 120 °C. The mixture was worked-up as describe

for the azide 4 yielding 1.93 g (88%) of the syrupy product 11 (heptane/EtOAc 9:1; Rf =

0.29), [a]D
22 +10.6 (c 1.33, chloroform); 'H NMR (250.1 MHz, CDC13): 5 7.25-7.41 (m,

5H, phenyl CH), 5.36 (s, 1H, acetal-H), 4.74 (s, 2H, benzyl CH2), 4.68 (d, 1H, 3J,^ * 3.7,

1-H), 4.68 (dd, 1H, 3JM * 6.1,3J3/4 * 6.9, 3-H), 4.51 (dd, 1H, 3J4/5 « 9.2, 4-H), 3.83 (ddd,

1H, 3J5/6 « 3.2,3J3/6« 6.9, 5-H), 3.68 (dd, 1H, 2-H), 3.53 (dd, 1H, 2J6/6- * 13.3, 6-H), 3.45

(dd, 6'-H), 3.45 (s, 3H, MeO); 13C NMR (75.5 MHz, CDCI3): 5 137.4 (phenyl C), 128.5,

128.0 (phenyl CH), 107.8 (acetal C), 100.9 (C-l), 99.6 (CC13), 78.6, 76.7, 74.8, 68.6 (C-

2,3,4,5), 73.1 (benzyl CH2), 55.7 (MeO), 52.4 (C-6).

Anal. Calcd for CusHuCbNsOs (438.7): C, 43.81; H, 4.14; N, 9.58. Found: C,

44.21; H, 4.15; N, 9.48.

Methyl 4-0-cyclohexyIcarbamoyl-6-deoxy-6-iodo-2,3-0-(2,2,2-trichloroethyIi-

dene)-P-D-gulopyranoside (13). To a soln of methyl 4-O-cyclohexylcarbamoyl-2,3-O-

(2,2,2-trichloroethylidene)-p-D-gulopyranoside (12)26 (2.24 g, 5.0 mmol) and Ph3P (1.97 g,

7.50 mmol) in 15 mL dried toluene, imidazole (1.02 g, 15.0 mmol) and iodine (1.90 g, 7.50

mmol) were added and the mixture was refluxed with vigorous stirring for about 25 min.

(TLC control). The mixture was worked-up as described for compd 3 (Rf = 0.46; heptane-

EtOAc, 6:1). Yield: 2.54 g (91%), mp 189-190 °C (MeOH), [ajn23 -22.5 (c 1.08, chloro-

form); 'H NMR (250.1 MHz, CDC13): 6 5.46 (s, 1H, acetal-H), 5.26 (dd, 1H, 3J3 /4«2.6,

3J4/5 ~ 1.7, 4-H), 4.77 (d, 1H, 3JNHCH« 8.1, carbamoyl-NH), 4.66 (dd, 1H, 3Jm «4.8, 3-H),
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NON-GLYCOSIDIC AZIDES OF D-ALTRO- AND D-GULOPYRANOSE 1011

4.38 (d, 1H, 3Jj/2«6.8 1-H), 4.34 (dd, 1H, 2-H) 3.95 (ddd, 1H, 3J5 / 6«5.1, 3JJ /6.«8.8, 5-

H), 3.62 (s, 3H, MeO), 3.37-3.55 (m, 1H, cyclohexyl CH), 3.26 (dd, 1H, 2]6/6-« 10.6, 6-

H), 3.20 (dd, 1H, 6'-H), 1.82-1.98 (m, 2H, cyclohexyl CH2), 1.50-1.76 (m, 3H, cyclohexyl

CH2), 1.02-1.44 (m, 2H, cyclohexyl CH2);
 I3C NMR (75.5 MHz, CDC13): 5 153.8 (car-

bamoyl CO), 106.7 (acetal C), 101.8 (C-l), 98.9 (CC13), 77.1, 76.6, 73.5, 67.1 (C-2,3,4,5),

57.2 (MeO), 50.2 (cyclohexyl CH), 33.1, 25.4, 24.6 (cyclohexyl CH2), 0.8 (C-6).

Anal. Calcd for CieH^CblNO* (558.6): C, 34.40; H, 4.15; N, 2.51. Found: C,

34.57; H, 4.34; N, 2.54.

Methyl 6-azido-4-0-cyclohexylcarbamoyI-6-deoxy-2,3-0-(2,2,2-trichloroethy-

Hdene)-P-D-gulopyranoside (14). A soln of 13 (2.79 g, 5.0 mmol) and NaN3 (0.36 g, 5.50

mmol) in dried DMF (10 mL) was stirred for 3 h at 120 °C. Subsequently, the mixture was

cooled down, poured on 10 g of ice and extracted with diethyl ether (3 x 10 mL). The

combined organic phases were dried (MgSO4), concentrated under reduced pressure and

the residue was purified by column chromatography (heptane/EtOAc 10:1, Rf = 0.30)

yielding 2.13 g (90%) of the azide 14, mp 199-201 °C (i-PrOH); [a]D
22 -74.2 (c 1.02, chlo-

roform); 'H NMR (250.1 MHz, CDCI3): 5 5.47 (s, 1H, acetal-H), 5.14 (dd, 1H, %l4 * 2.5,
3J4/5 * 1.5, 4-H), 4.77 (d, 1H, V I C H * 7.7, carbamoyl-NH), 4.66 (dd, 1H, 3J2,3 « 4.7, 3-H),

4.41 (d, 1H, 3J1/2 « 6.7, 1-H), 4.36 (dd, 1H, 2-H), 3.97 (ddd, 1H, 3J5/6 * 8.9,3J5,6- ~ 3.4, 5-

H), 3.61 (s, 3H, MeO), 3.56-3.37 (m, 1H, cyclohexyl CH), 3.53 (dd, 1H, 2J6 / 6« 13.0, 6-

H), 3.20 (dd, 1H, 6'-H), 1.84-2.00 (m, 2H, cyclohexyl CH2), 1.52-1.78 (m, 3H, cyclohexyl

CH2), 1.04-1.44 (m, 5H, cyclohexyl CH2);
 13C NMR (75.5 MHz, CDC13): 8 153.7 (car-

bamoyl CO), 106.8 (acetal C), 101.7 (C-l), 98.9 (CC13), 76.8, 76.7, 72.7, 66.7 (C-2,3,4,5),

57.5 (MeO), 50.7 (C-6), 50.3 (cyclohexyl CH), 33.1, 25.4, 24.6 (cyclohexyl CH2).

Anal. Calcd for C s H s C h N A (473.7): C, 40.57; H, 4.89; N, 11.83. Found: C,

40.62; H, 4.93; N, 11.68.

Methyl 4-0-cycIohexyIcarbamoyI-6-deoxy-2,3-0-ethylidene-p-D-gulopyrano-

side (15). To a soln of 13 (0.56 g, 1.0 mmol) in toluene (10 mL) Bu3SnH (1.4 g, 1.25 mL,

4.75 mmol) and AIBN (10 mg, 0.6 mmol) was added at 75 °C with stirring (argon atmos-

phere). After about 3.5 h the reaction was finished (TLC control), the mixture was shaken

with 10% aq KF soln (10 mL) for 45 min and the BusSnF precipitate was removed by fil-

tration. The organic phase was washed with 3% aq NaHSO4 soln (5 mL) and water (twice
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1012 HAGER, MIETHCHEN, AND REINKE

5 mL), then dried (MgSO4) and concentrated under reduced pressure. The residue was pu-

rified by column chromatography (toluene/EtOAc 15:1, Rf = 0.17) yielding 0.33 g (100%)

of 15, mp 167-168 °C (i-PrOH); [ofo23 -86.9 (c 1.12, chloroform); 'H NMR (250.1 MHz,

CDC13): 5 5.45 (q, 1H, ^i-H^ndeic-cm * 4.9, acetal-H), 4.95 (dd, 1H, 3J3/4~2.5,

3J4/5 ~ 1-4, 4-H), 4.79 (d, 1H, 3 W H « 8.0, carbamoyl-NH), 4.32 (d, 1H, 3J1/2« 7.2, 1-H),

4.13 (dd, 1H, 3JW«5.O, 3-H), 3.99 (dd, 1H, 2-H), 3.89 (dq, 1H, 3J5/6-c«6.6, 5-H), 3.52

(s, 3H, MeO), 3.37-3.58 (m, 1H, cyclohexyl CH), 1.82-1.99 (m, 2H, cyclohexyl CH2),

1.49-1.76 (m, 3H, cyclohexyl CH2), 1.31 (d, 3H, ethylidene CH3), 1.24 (d, 3H, 6-H), 1.01-

1.44 (m, 5H, cyclohexyl CH2);
 I3C NMR (75.5 MHz, CDCI3): 6 154.7 (carbamoyl CO),

102.2 (acetal C), 101.2 (C-l), 75.0, 74.5, 69.6, 68.4 (C-2,3,4,5), 56.9 (MeO), 50.0 (cyclo-

hexyl CH), 33.2, 25.4, 24.6 (cyclohexyl CH2), 21.5 (ethylidene CH3), 15.6 (C-6).

Anal. Calcd for Ci6H27NO6 (329.4): C, 58.53; H, 8.26; N, 4.25. Found: C, 58.42;

H, 8.11; N, 4.21.

Methyl 6-deoxy-2,3-0-ethylidene-P-D-gulopyranoside (16). Compd 15 (0.66 g,

2.0 mmol) dissolved in 1% methanolic NaOMe (15 mL) was decarbamoylated by heating

the soln under reflux for 35 h. Subsequently, the reaction mixture was cooled and neutral-

ised with an acidic ion exchanger resin (Amberlite IR-120). After evaporation of the sol-

vent under reduced pressure and column chromatographic purification (toluene/EtOAc 5:1,

Rf = 0.20) the compd 16 was obtained in a yield of 0.29 g (71%), mp 86-88 °C (i-PrOH);

[cc]D
24 -100.9 (c 1.11, chloroform); 'H NMR (250.1 MHz, CDC13): 5 5.46 (q, 1H, 3JacclJ,.

u<ub>iida»cH3 * 5.0, acetal-H), 4.47 (d, 1H, 3J I / 2«5.0, 1-H), 4.32 (dd, 1H, 3 J 2 3 «5 .9 ,

3J3/4 * 2.7, 3-H), 4.13 (dd, 1H, 2-H), 3.89 (dq, 1H, 3J4/5 * 1.8,3J5/6.C « 6.6, 5-H), 3.62-3.74

(m, 1H, 4-H), 3.50 (s, 3H, MeO), 2.60-2.86 (m, 1H, 4-OH), 1.31 (d, 3H, ethylidene CH3),

1.29 (d, 3H, 6-H); I3C NMR (62.9 MHz, CDCI3): 5 102.5 (acetal C), 100.8 (C-l), 75.6,

74.0, 69.1, 69.0 (C-2,3,4,5), 56.5 (MeO), 21.2 (ethylidene CH3), 16.6 (C-6).

Anal. Calcd for C9Hi605 (204.2): C, 52.93; H, 7.90. Found: C, 53.00; H, 7.86.

Methyl 6-deoxy-2,3-0-ethylidene-4-CMosyl-P-D-guIopyranoside (17). A soln of

16 (0.20 g, 1.0 mmol) and/Mosyl chloride (0.24 g, 1.25 mmol) in anhyd pyridine (10 mL)

was stirred for 18 h at rt (TLC control). The mixture was worked-up as described for tosyl

derivative 10 (toluene/EtOAc 15:1, Rf = 0.34). Yield of tosylate 17: 0.32 g (89%), mp

117-119 °C (i-PrOH); [afo23 -78.5 (c 1.01, chloroform); 'H NMR (250.1 MHz, CDCI3): 5
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NON-GLYCOSIDIC AZIDES OF D-ALTRO- AND D-GULOPYRANOSE 1013

7.75-7.84 (m, 2H, tosyl CH), 7.29-7.38 (m, 2H, tosyl CH), 5.39 (q, 1H, 3J««ui.Hfc%Btoc.

CHS ~ 5.0, acetal-H), 4.64 (dd, 1H, 3J3/4 ~ 2.6, 3J4/5 ~ 1.6, 4-H), 4.28 (d, 1H, 3JI/2 * 7.1, 1-

H), 4.20 (dd, 1H, 3J2/?*5.1, 3-H), 4.00 (dd, 1H, 2-H), 3.85 (dq, 1H, 3J5/6.C«6.6, 5-H),

3.48 (s, 3H, MeO), 2.44 (s, 3H, tosyl CH3), 1.28 (d, 3H, ethylidene CH3), 1.10 (d, 3H, 6-

H); 13C NMR (62.9 MHz, CDClj): 5 145.2 (tosyl C-SO3), 133.3 (tosyl C-CH3), 129.9,

128.0 (tosyl CH), 102.3 (acetal C), 100.8 (C-l), 76.4, 74.6, 74.2, 68.0 (C-2,3,4,5), 56.7

(MeO), 21.4 (ethylidene CH3), 15.8 (C-6).

Anal. Calcd for Ci6H22O7S (358.4): C, 53.62; H, 6.19; S, 8.95. Found: C, 53.62; H.

6.24; S, 9.00.

Methyl 6-deoxy-4-0-tosyl-P-D-guIopyranoside (18). A soln of 17 (0.36 g, 1.00

mmol) in 60% aq trifluoroacetic acid (10 mL) was stirred for about 5 h at 50 °C (TLC con-

trol). After addition of water (10 mL) the mixture was concentrated under reduced pres-

sure. To remove water and TFA completely the residue was dissolved in 5 mL of toluene

and the soln was concentrated under reduced pressure. This procedure was twice repeated

followed by a column chromatographic purification of the crude product (toluene/EtOAc

1:1, Rf = 0.27) yielding 0.31 g (92%) of the syrupy compd 18; [a]D
22 -65.4 (c 1.68, chloro-

form); 'H NMR (250.1 MHz, CDC13): 8 7.75-7.84 (m, 2H, tosyl CH), 7.29-7.38 (m, 2H,

tosyl CH), 4.46 (d, 1H, 3Ji/2~8.1, 1-H), 4.44 (dd, 1H, 3J3 / 4«3.6, 3 J « « 1.2, 4-H), 4.18

(dd, 1H, 3J2/3« 3.3, 3-H), 4.08 (dq, 1H, 3J5/6-c « 6.6, 5-H), 3.61 (dd, 1H, 2-H), 3.49 (s, 3H,

MeO), 2.43 (s, 3H, tosyl CH3), 2.33-2.68 (m, 2H, 2-OH, 3-OH), 1.05 (d, 3H, 6-H); 13C

NMR (62.9 MHz, CDC13): 8 145.3 (tosyl C-SO3), 133.2 (tosyl C-CH3), 130.0, 128.0 (to-

syl CH), 101.2 (C-l), 79.3, 69.4, 68.4, 67.7 (C-2,3,4,5), 56.9 (MeO), 21.7 (tosyl CH3),

15.8 (C-6).

Anal. Calcd for C14H20O7S (332.3): C, 50.59; H, 6.07; S, 9.65. Found: C, 50.13; H,

6.08; S, 9.31.

Methyl 2,4-di-0-acetyl-3-azido-3,6-dideoxy-P-D-glucopyranoside (19) and

methyl 2,3-di-0-acetyl-4-azido-4,6-dideoxy-P-D-gulopyranoside (20). A soln of 18

(1.66 g, 5.0 mmol) and NaN3 (0.36 g, 5.50 mmol) in dried DMF (10 mL) was stirred for 5

h at 120 °C. The mixture was worked-up as described for the azide 4. The crude product

obtained after concentration of the organic phase was acetylated without further purifica-

tion by treatment with acetic anhydride/pyr (10 mL, 1/1 v/v) for about 2 h at rt (TLC con-
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1014 HAGER, MIETHCHEN, AND REINKE

trol). After evaporation of the solvents under reduced pressure, the oily residue was dis-

solved in diethyl ether (20 mL), washed with 3% aq NaHSO4 soln (twice 5 mL) and water

(twice 5 mL), and dried (Na2SO4). Ether was evaporated and the azides 19 and the 20

were isolated by chromatographic fractionation of the residue (toluene/EtOAc 9:1) yielding

0.63 g (44%) of the product 19 (Rf = 0.37); (mp 118-119 °C (ether/acetone); [ah23 -20.4

(c 1.18, chloroform) and 0.65 g (45%) of the syrupy product 20 (Rf = 0.33); [a]D
24 -^»3.00

(c 1.06, chloroform).

19: *H NMR (250.1 MHz, CDC13): 5 4.85 (dd, 1H, *Jm * 7.9, *Jm ~ 10.2, 2-H), 4.71 (dd,

1H, 3J3/4« 10.2, 3J4/5«9.6, 4-H), 4.33 (d, 1H, 1-H), 3.55 (dd, 1H, 3-H), 3.51 (dq, 1H,
3J5/6«6.2, 5-H), 3.46 (s, 3H, MeO), 2.11 (s, 3H, acetyl CH3), 2.11 (s, 3H, acetyl CH3),

1.21 (d, 3H, 6-H); 13C NMR (75.5 MHz, CDC13): 5 169.1, 168.4 (acetyl CO), 101.5 (C-

1), 73.4, 71.4, 70.9, 64.4 (C-2,3,4,5), 56.6 (MeO), 20.7, 20.7 (acetyl CH3), 17.2 (C-6).

Anal. Calcd for CnHi7N3O6 (287.3): C, 45.99; H, 5.96; N, 14.63. Found: C, 45.87; H,

6.09; N, 14.38.

20: "H NMR (250.1 MHz, CDC13): 5 5.43 (dd, 1H, 3JM « 3.4, 3J3/4 « 4.6, 3-H), 4.97 (dd,

1H, 3J1 /2«7.5, 2-H), 4.61 (d, 1H, 1-H), 4.11 (dq, 1H, 3J4/5« 2.3, 3 J W « 6 . 6 , 5-H), 3.54

(dd, 1H, 4-H), 3.46 (s, 3H, MeO), 2.11 (s, 3H, acetyl CH3), 2.03 (s, 3H, acetyl CH3), 1.34

(d, 3H, 6-H); 1?C NMR (62.9 MHz, CDC13): 5 169.5, 169.4 (acetyl CO), 99.3 (C-l), 69.1,

69.0, 67.9, 62.3 (C-2,3,4,5), 56.3 (MeO), 20.8, 20.7 (acetyl CH3), 16.7 (C-6).

Anal. Calcd for C,,H,7N3O6 (287.3): C, 45.99; H, 5.96; N, 14.63. Found: C, 46.20,

H, 5.95, N, 14.55.

Methyl 6-0-cyclohexyIcarbamoyl-4-0-tosyI-2,3-0-(2,2,2-trichloroethyIidene)-

P-D-gulopyranoside (22). A soln of 21 (0.45 g, 1.0 mmol) and/Mosyl chloride (0.24 g,

1.25 mmol) in anhyd pyridine (10 mL) was stirred for 24 h at rt (TLC control). The mix-

ture was worked-up as described for tosyl derivative 10 (heptane/EtOAc 6:1, Rf = 0.21)

yielding 0.55 g (92%) of tosylate 22, mp 121-123 °C (i-PrOH), [a]D
25 -56.0 (c 0.91, chlo-

roform); 'H NMR (300.1 MHz, CDC13): 5 7.78-7.85 (m, 2H, tosyl CH), 7.31-7.39 (m,

2H, tosyl CH), 5.38 (s, 1H, acetal-H), 4.91 (dd, 1H, 3J3/4« 2.6,3J4/5 * 1.8, 4-H), 4.67 (s, 3-

H), 4.55 (d, 1H, 3 JNHCH«7.6 , carbamoyl-NH), 4.30-4.36 (m, 2H, 1-H.2), 4.24 (dd,

3J5/6 « 6.0, %6- « 10.5, 6-H), 4.01 (ddd, 1H, 3J5/6» 7.0, 5-H), 3.93 (dd, 1H, 6'-H), 3.50 (s,

3H, MeO), 3.36-3.50 (m, 1H, cyclohexyl CH), 2.44 (s, 3H, tosyl CH3), 1.85-1.99 (m, 2H,
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NON-GLYCOSIDIC AZIDES OF D-ALTRO- AND D-GULOPYRANOSE 1015

cyclohexyl CH2), 1.53-1.78 (m, 3H, cyclohexyl CH2), 1.02-1.44 (m, 5H, cyclohexyl CH2);

I3C NMR (75.5 MHz, CDC13): 5 154.7 (carbamoyl CO), 145.6 (tosyl C-SO3), 133.1 (tosyl

C-CH3), 130.1, 127.9 (tosyl CH), 106.7 (acetal C), 101.0 (C-l), 98.7 (CC13), 76.5, 76.0,

72.4, 70.0 (C-2,3,4,5), 61.4 (C-6), 56.9 (MeO), 50.0 (cyclohexyl CH), 33.3, 25.4, 24.7

(cyclohexyl CH2), 21.7 (tosyl CH3).

Anal. Calcd for C^HsoCbNOsS (602.9): C, 45.82; H, 5.01; N, 2.32; S 5.32. Found:

C, 45.75; H, 4.97; N, 2.39; S, 5.36.

Methyl 6-0-cyclohexyIcarbamoyI-4-deoxy-2,3-0-(2,2,2-trichIoroethyIidene)-P-

D-e/yfAro-hex-4-enopyranoside (23). A soln of 22 (3.0 g, 5.0 mmol) and NaN3 (0.36 g,

5.50 mmol) in dried DMF (10 mL) was stirred for 18 h at 120 °C. Then, the mixture was

worked-up as described for compd 4 (heptane/EtOAc 6:1, Rf = 0.35) yielding 2.11 g

(98%) of the syrupy product 23, [a]D
24 +48.2 (c 1.36, chloroform); 'H NMR (250.1 MHz,

C6D6): 5 5.45 (s, 1H, acetal-H), 4.88 (dd, 1H, AhA~ 1.0, 3 J 3 M « 3 . 4 , 4-H), 4.76 (dd, 1H,

3JM « 6.1, 3-H), 4.60 (d, 1H, 3J1/2« 3.3, 1-H), 4.48-4.57 (m, 2H, 6-H), 4.27 (ddd, 1H, 2-

H), 4.24 (d, 1H, 3 JNKCH«7 .7 carbamoyl-NH), 3.37-3.65 (m, 1H, cyclohexyl CH), 3.06 (s,

3H, MeO), 1.60-1.84 (m, 2H, cyclohexyl CH2), 1.20-1.52 (m, 3H, cyclohexyl CH2), 0.66-

1.17 (m, 5H, cyclohexyl CH2);
 13C NMR (75.5 MHz, C6D6): 5 154.8 (carbamoyl CO),

150.2 (C-5), 107.1 (acetal C), 100.4 (CC13), 98.5 (C-l), 97.6 (C-4), 74.7, 71.4 (C-2,3),

62.9 (C-6), 56.1 (MeO), 50.1 (cyclohexyl CH), 33.3, 25.6, 24.9 (cyclohexyl CH2).

Anal. Calcd for Ci6H22Cl3NO6 (430.7): C, 44.62; H, 5.15; N, 3.25. Found: C,

45.28; H, 5.08; N, 3.52.

Methyl 6-0-cycIohexylcarbamoyI-2,3-0-ethylidene-4-0-tosyI-P-D-guIopyrano-

side (24). Compd 22 (0.60 g, 1.0 mmol), was reduced to 24 by treatment with Bu3SnH

(1.40 mL, 5.25 mmol) and AIBN (10 mg, 0.6 mmol) in toluene (10 mL) for 2.5 h as de-

scribed for 15 (eluent: toIuene/EtOAc 7:1, Rf = 0.22). Yield of the product 24, 0.46 g

(92%), mp 161-162 °C (i-PrOH); [a]D
22-77.3 (c 1.06, chloroform); *H NMR (250.1 MHz,

CDCI3): 6 7.76-7.84 (m, 2H, tosyl CH), 7.29-7.39 (m, 2H, tosyl CH), 5.39 (q, 1H, 3JlccUi-

HcA>.ida,^H3~4.9> acetal-H), 4.85 (dd, 1H, 3J3/4«2.5, 3J4/5« 1.8, 4-H), 4.51 (d, 1H,

3 W H « 8.1, carbamoyl-NH), 4.31 (d, 1H, 3J]/2 « 7.0, 1-H), 4.30 (dd, 1H, 3JM » 5.1, 3-H),

4.19 (dd, 1H, 3J5/6 ~ 6.2, 2J6f6- » 10.9, 6-H), 4.04 (dd, 1H, 2-H), 3.95 (ddd, 1H, 3J5/6- ~ 6.7,
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1016 HAGER, MIETHCHEN, AND REINKE

5-H), 3.82 (dd, 1H, 6'-H), 3.48 (s, 3H, MeO), 3.31-3.52 (m, 1H, cyclohexyl CH), 2.44 (s,

3H, tosyl CH3), 1.82-1.97 (m, 2H, cyclohexyl CH2), 1.51-1.76 (m, 3H, cyclohexyl CH2),

1.29 (d, 3H, ethylidene CH3), 1.00-1.42 (m, 5H, cyclohexyl CH2);
 13C NMR (75.5 MHz,

CDC13): 5 154.7 (carbamoyl CO), 145.4 (tosyl C-SO3), 133.1 (tosyl C-CH3), 130.0, 128.0

(tosyl CH), 102.5 (acetal C), 100.9 (C-l), 74.8, 73.9, 73.2, 70.0 (C-2,3,4,5), 61.5 (C-6),

57.0 (MeO), 49.9 (cyclohexyl CH), 33.4, 25.4, 24.8 (cyclohexyl CH2), 21.7, 21.4 (tosyl

CH3, ethylidene CH3).

Anal. Calcd for C23H33NO9S (499.6): C, 55.30; H, 6.66; N, 2.80; S 6.42. Found: C,

55.32; H, 6.78; N, 2.91; S, 6.31.

Methyl 2,4-di-0-acetyl-3-azido-6-0-cyclohexylcarbamoyl-3-deoxy-P-D-gluco-

pyranoside (25) and methyl 2,3-di-0-acetyI-4-azido-6-0-cycIohexylcarbamoyl-4-

deoxy-p-D-gulopyranoside (26). Starting with methyl 6-0-cyclohexyIcarbamoyl-2,3-(9-

ethylidene-4-CMosyl-p-D-gulopyranoside (24), compounds 25 and 26 were synthesised in

3 steps without chromatographic purification of the intermediates. First of all, compd 24

(2.50 g, 5.0 mmol) dissolved in 60% aq TFA (30 mL) was deacetalated as described for 18

(heating at 50 °C for 5 h). Secondly, the syrupy crude product obtained was dissolved in

anhyd DMF (10 mL), sodium azide (0.36 g, 5.50 mmol) was added and the mixture was

heated at 120 °C for about 5 h (TLC control). The work-up procedure was analogous as

described for 4 with solvent evaporation under medium vacuum. Thirdly, the mixture of

azides obtained above was dissolved in acetic anhydride/pyr (10 mL, 1/1 v/v) and the soln

was stirred at rt for about 2 h (TLC control). After evaporation of the solvents under re-

duced pressure the oily residue was dissolved in diethyl ether (20 mL), washed with 3% aq

NaHSO4 soln (twice 5 mL) and water (twice 5 mL), and dried (Na2SO4). Ether was evapo-

rated and the azides 25 and 26 were isolated by chromatographic fractionation of the resi-

due (toluene/EtOAc 9 : 1, 25: Rf = 0.13; 26: Rf = 0.16). The g/HCo-configured azide 25

was obtained in a yield of 0.67 g (39%) related to 24, mp 125-127 °C (ether); [a]D
22 -10.1

(c 0.68, chloroform); the syrupy g7//o-derivative 26 was isolated in a yield of 0.72 g (42%),

[a]D
22 -55.3 (c 1.14, chloroform).

25: ]H NMR (250.1 MHz, benzene-d6): 5 5.25 (dd, 1H, 3J1/2 ~ 7.9,3JM * 10.4, 2-H), 5.20

(dd, lH,3J3/4 ~ 10.0,3J4/5 * 9.9, 4-H), 4.44 (d, 1H, 3JNH<CH ~ 7.8, carbamoyl-NH), 4.34 (dd,

1H, 3J5/6 ~ 4.3, 2J6/6- * 12.1, 6-H), 4.22 (dd, 1H, 3J5/6- ~ 2.4, 6'-H), 4.10 (d, 1H, 1-H), 3.43-
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3.63 (m, 1H, cyclohexyl CH), 3.28 (dd, 1H, 3-H), 2.28 (ddd, 1H, 5-H), 3.24 (s, 3H,

MeO), 1.77 (s, 3H, acetyl CH3), 1.73 (s, 3H, acetyl CH3), 1.64-1.93 (m, 2H, cyclohexyl

CH2), 1.15-1.55 (m, 3H, cyclohexyl CH2), 0.66-1.15 (m, 5H, cyclohexyl CH2);
 13C NMR

(62.9 MHz, benzene-ds): 6 168.8, 168.5 (acetyl CO), 155.2 (carbamoyl CO), 101.9 (C-l),

73.6, 64.9 (C-3,5), 71.0 (C-2), 68.3 (C-4), 62.1 (C-6), 55.9 (MeO), 50.1 (cyclohexyl CH),

33.2, 25.7, 25.0 (cyclohexyl CH2), 20.3, 20.2 (acetyl CH3).

Anal. Calcd for C,8H28N4O8 (428.44): C, 50.46; H, 6.59; N, 13.08. Found: C,

50.63; H, 6.33; N, 12.81.

26: 'H NMR (250.1 MHz, benzene-d6): 5 5.72 (dd, 1H, 3J13 « 3.3,3J3/4 « 4.5, 3-H), 5.49

(dd, 1H, 3J1/2« 7.6, 2-H), 4.70 (d, 1H, 1-H), 4.47 (dd, 1H, 3J5/6 * 6.8, 2J6/6-« 11.4, 6-H),

4.33 (dd, lH,3J5/6-«5.9, 6'-H), 4.16-4.28 (m, 2H, 5-H, carbamoyl-NH), 3.44-3.63 (m,

1H, cyclohexyl CH), 3.41 (dd, 1H,3J4,5«2.3, 4-H), 3.27 (s, 3H, MeO), 1.67 (s, 3H, acetyl

CH3), 1.64 (s, 3H, acetyl CH3), 1.60-1.84 (m, 2H, cyclohexyl CH2), 1.20-1.49 (m, 3H,

cyclohexyl CH2), 0.65-1.14 (m, 5H, cyclohexyl CH2);
 13C NMR (75.5 MHz, benzene-d6):

5 169.0, 168.8 (acetyl CO), 155.0 (carbamoyl CO), 99.8 (C-l), 71.5, 69.2, 68.5, 60.0 (C-

2,3,4,5), 63.3 (C-6), 55.8 (MeO), 50.1 (cyclohexyl CH), 33.3, 25.6, 25.0 (cyclohexyl

CH2), 20.2, 20.2 (acetyl CH3).

Anal. Calcd for C18H28N4O8 (428.44): C, 50.46; H, 6.59; N, 13.08. Found: C,

50.66, H, 6.45, N, 12.74.

ACKNOWLEDGEMENT

The authors are grateful to Prof. Dr. Manfred Michalik (IfOK Rostock) for re-

cording the NMR spectra, to PD Dr. Rhett Kempe (IfOK Rostock) for measurement of the

X-ray data, and to the "Fonds der Chemischen Industrie" for financial support.

REFERENCES

1. Z. Gyorgydeak, L. Szilagyi and H. Paulsen, J. Carbohydr. Chem., 12, 139 (1993).
2. E. D. Soli, A. S. Manoso, M. C. Patterson, P. DeShong, D. A. Favor, R. Hirschmann

and A. B. Smith, J. Org. Chem., 64, 3171 (1999).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



r
1018 HAGER, MIETHCHEN, AND REINKE

3. A. Richardson, Methods Carbohydr. Chem., 6, 218 (1972).
4. Z. Gyorgydeak and L. Szilagyi, Liebigs Ann. Chem., 103 (1995).
5. Z. Gyorgydeak and H. Paulsen, Liebigs Ann. Chem., 1987 (1977).
6. Z. Gyorgydeak and L. Szilagyi, Liebigs Ami. Chem., 235 (1987).
7. W. Broder and H. Kunz, Synlett, 252 (1990).
8. W. Broder and H. Kunz, Carbohydr. Res., 249, 221 (1993).
9. W. Broder and H. Kunz, Bioorg. Med. Chem., 5, 1 (1997).

10. H. Paulsen and K.-W. Pflughaupt in The Carbohydrates. 2nd ed.; Vol IB; W. Pigman
and D. Horton, Eds.; Academic Press, New York 1980, pp 881-927 and papers cited
therein.

11. D. Lafont and P. Boullanger, J. Carbohydr. Chem., 18, 675 (1999).
12. Y. G. Gololobov and L. F. Kasukhin, Tetrahedron, 48, 1353 (1992).
13. J. J. Garcia-Lopez, F. Santoyo-Gonzales and A. Vargas-Berenguel, Synlett, 265

(1997).
14. B. Paul and W. Korytnyk, Carbohydr. Res., 67, 457 (1978).
15. S. Nakabayashi, C. D. Warren and R. W. Jeanloz, Carbohydr. Res., 174, 279 (1988).
16. X. Ariza, F. Urpi and J. Vilarrasa, Tetrahedron Lett., 40, 7515 (1999).
17. P. Norris, D. Horton and B. R. Levine, Heterocycles, 43, 2643 (1996).
18. D. F. Evving, G. Goethals, G. MacKenzie, P. Martin, G. Ronco, L. Vanbaelinghem

and P. Villa, J. Carbohydr. Chem., 18, 441 (1999).
19. S. Hanessian and T. H. Haskell, in The Carbohydrates; Vol HA; W. Pigman and D.

Horton, Eds.; Academic Press, New York 1970, pp 139-211.
20. J. S. Brimacombe, Angew. Chem., 83, 261 (1971).
21. Rompp-Lexikon Chemie, Vol 4, Georg Thieme Verlag, Stuttgart, 1998, p 2817.
22. O. Ceder, B. Hansson and U. Rapp, Tetrahedron, 33, 2703 (1977).
23. R. Bohm and C. Karow, Pharmazie, 36, 243 (1981).
24. H. Dehne, in Houben-Weyl, Methods of Organic Chemistry; Vol. E 8d; E. Schau-

mann, Ed.; Georg Thieme-Verlag, Stuttgart, 1994, p 308.
25. R. Miethchen and D. Rentsch, Synthesis, 827 (1994).
26. R. Miethchen and D. Rentsch, Liebigs Ann. Chem., 1191 (1994).
27. Chr. Hager, R. Miethchen and H. Reinke, J. Fluorine Chem., 104, 135 (2000).
28. Chr. Hager, R. Miethchen and H. Reinke, J. Prakt. Chem., 342, 414 (2000).
29. R. Miethchen, D. Rentsch and M. Frank, J. Carbohydr. Chem., 15, 15 (1996).
30. P. Collins and R. Ferrier, Monosaccharides, Their Chemistry and Tlieir Roles in

Natural Products, J. Wiley & Sons, Chichester, 1995, pp 257-259; and papers cited
therein.

31. D. Rentsch and R. Miethchen, Carbohydr. Res., 293, 139 (1996).
32. S. Jacobsen and F. Stok, Ada Chem. Scand, 47, 1012 (1993).
33. Chr. Hager, Ph.D. Dissertation, University of Rostock, 1999.
34. N. Yasuda, H. Tsutsumi and T. Takaya, Chem. Lett., 1201 (1984).
35. D. Cremer and J. A. Pople, J. Am. Chem. Soc, 97, 1354 (1975).
36. G. A. Jeffrey and J. H. Yates, Carbohydr. Res., 74, 319 (1979).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


