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Abstract: In the course of ow searchfor a new class of HMG-CoA reduciase inhibators, the synthesis of reaction rntermediate analogttes 

was investigated. Compound2. having the C-5 (R) conjigwation of natural mevtntc acids. was prepared in enantiomertcally pweform 

starttngfrom levoglucosan During this synthesis, an epimensadon of the olejintc intermedtate I6 was observed and wasfound to depend 

strongly bothon the axial orequatorialorientafion andon the natwe ofthe C-3 substttuent Biological activity of compound2 is reported. 

Introduction 

3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGR) (EC 1.1.1.34), is the key regulatory enzyme 

in cholesterol biosynthesis. Inhibition of this enzyme is a powerful tool for designing new hypocholesterolemic 

drugs and numerous studies along this line were reported in the last decade.’ Natural compounds such as lovastatin 

(mevinolin), symvastatin (synvinolin) and pravastatin are potent inhibitors of HMGR now used in clinic as 

hypocholesterolemic drugs.3 The search for new synthetic inhibitors remains of interest to get new insights in the 

knowledge of the enzyme and its inhibition and to get new compounds with modulated activities and different 

tissue selectivities.4 This prompted us to investigate a new class of inhibitors which could mimic the transition 

state of the enzymatic reduction of HMG-CoA by HMGR. This reduction needs the presence of NADPH and we 

reasoned that amolecule bearing a hydroxymethylglutarylmotety and aNADPH analogue will be a goodcandidate. 

Indeed, one may expect a double interaction with the enzymatic site, one with the hydroxymethylglutaryl subsite 

and the other with a nicotinamide subsite.’ This double interaction would give a high affinity inhibitor. Because 

the reducing NADPH is assumed to deliver the hydride from the B face of the carbonyl group of HMG-COA,~ the 

5(S) configuration of 1 would give the correct spatial disposition of the hydroxymethylglutaryl and nicotinamide 

moities. It is to note that this configuration was opposite to that of natural mevinic acids. Thus, we embarked in 

a programme aimed at the design of such inhibitors. On this basis, compound 1 was chosen as a model compound 

and was prepared, but unfortunately was found to be unable to inhibit HMGR even at 10” M.’ To account for this 
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lack of biological activity, we raised two hypotheses: either the nicotinamide does not provide a sufficient energy 

binding to the NADPH subsite or this hydrophilic group is not adequately located, in other words the 5(R) con- 

figuration could be necessary to ensure correct interactions. 

e 

HO 
H”~COONa 

R = H Mevinolin 

R = Me Synvinolin 

Synthetic inhibitors 1 2 

Figure 1 

We decided to investigate the synthesis and biological evaluation of the hydroxy acid 2 that we report in 

this paper. 

Results and Discussion 

In order to secure the correct stereochemistry at C-5, a suitable chiron could be prepared from a D-sugar. 

As depicted on Scheme 1, the condensation of an appropriate aldehyde with a suitable precursor of the nicotinic 

part was envisionned. 

The aldehyde 3, prepared from the alcohol 15 according to known chemistry: was reacted with the anion 

derived from the nitrile 4 according to Villani procedure (4, NaH, DMSO, then 3, RT, 20 min.)? The expected 

amide was obtained in an overall yield of 70% . However, to our surprise, careful analysis of the mixture revealed 

that a mtkture of epimers 17 and 16 was in fact obtained in a 4:l ratio in favow of 17, the 5(R) isomer. (see Table). 

This was clear from proton nmr spectra which showed a typical axial proton pattern for H- 1 and H-5 in 17 whereas 

only H-5 was found to be axial in 16.9 This indicates that the conformation of 17 was ‘C, with all the substituents 

in equatorial position. This suggested that the formation of 17 might result from epimerisation of the starting 

aldehyde in the reaction conditions or from epimerisation of 16 to the more stable product 17 of the reaction. Thus 

the amide 16 may exist, to some extent, in the ‘C, conformanon in which two of the three substituents, at C-l and 

C-3, were equatorial. 
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3 R = 8tBu(Me) 2 
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HO 

1.6-anhydro-D-glucose 

Me 

CONH2 
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Me 

4 

Scheme 1 

The possible epimerisation of the starting aldehyde was ruled out first by performing the condensation in 

the presence of an excess of the aldehyde 3.” At the end of the reaction, the crude mixture was immediately reduced 

with sodium borohydride and the alcohol 15 was recovered with no significant amount of the epimer at C-5 as 

seen from ‘H nmr spectrum. Thus, suspecting that the bulky tert-butyldimethylsilyloxy substituent may play an 

important role in the conformational equilibrium of either the starting aldehyde, an intermediate or the expected 

amide, we decided to investigate the behaviour of some aldehydes differently substituted at C-3 in the coupling 

reaction. The influenceof anomeric configuration was also investigated. The alcohols 8.9,13 and 14 were prepared 

and engaged in the above series of reactions. 

Preparation of alcohols 8,9,13 and 14 

To have a good entry to these alcohols, it seemed highly desirable to found a more direct route to 2,4dideoxy 

sugars. 1,6-anhydro-D-glucose, (levoglucosan)” was found to be a good starting compound and the synthesis was 

realized according to Scheme 2. The alcohol 5 was easily obtained together with its C-2 hydroxy isomer (88:12), 

using the procedure reported by Baker et a1.12 Benzoylation of the alcohol 5 gave the benxoate 6, and subsequent 

acid methanolysis gave a mixture of methyl glycosides 8 and 9. The C-3 epimers were obtained from the key 

intermediate 5 through benzoylation with inversion of configuration under Mitsunobu conditions’3 giving the 

known benzoate 12.14 Acid methanolysis, again afforded a mixture of anomers 13 and 14J5 
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5R=H 8R=BZ 9 R=Bz 
ii c 6R=Bz 3i 

lOR=Bn 11 R=Bn 
7R=Bn 

543_ &OH + /IL;; 
062 BzO OMe BzO 

12 13 14 

Reagents: i) BzCl, pyridine, 80%; ii) BnCl, NaH, DMF, 89%; 

iii) MeOH, Amber@ IR 120 H+, 90%; iv) P(Ph)s, DEAD, PhCOOH, THP, 70% 

Scheme 2 

Oxidation and condensation of the aldehydes with the anion of 4 

In order to avoid the purification and storage of the rather unstable aldehydes derived from the alcohols 8, 

9,13 and 14, each condensation was performed as follows. The alcohol was submitted to Swem oxidation, con- 

ventional extractive work-up gave the crude aldehyde which was engaged in the reaction with the preformed anion 

of 4. After twenty minutes of contact, the mixture was hydrolyzed and gave an unseparable mixture of isomers 

which were analyzed by proton nmr spectroscopy at 400 MHz. The Table summarizes the results obtained using 

this standard protocol. 

Discussion 

As seen from the Table, enmes 1 and 2, the epimerisation dropped from 80% to only about 30% when the 

3-O-t butyldimethylsilyloxy substituent in the erythro relattve configuration (starting alcohol 15) was replaced by 

3-0-benzoyloxy in the same axial configuration (starting alcohol 13). More interesting was the result obtained 

with the three alcohol 8 (entry 4) which gave only 15% of epimerized compound 23. It is clear from these results 

that the bulkier the substituent at C-3 in axial orientation, the larger the amount of epimerisation. It is worthy of 

note that simply changing a silyl group to a benzoyl group, dramancally decreased the amount of epimenzation. 

That means that the 3-O-t butyldimethylsilyloxy group shows a marked preference for equatorial orientation thus 

forcing the chair in the ‘C, conformation in which the nicotinic appendage was in an axial disposition. Owing to 

the homoenolic nature of H-5, in a position of the amide by vinylology, base-catalyzed epimerisation occurred 
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giving 17 in which all substituents were equatorial. I6 This effect is by far less pronounced for the 3-0-benzoyloxy 

group in lg. Both substituents at C-3 and C-5 having approximately the same size, the conformational equilibrium 

between ‘CT, and ‘C, could be shifted toward the latter because of the anomeric effect which favours the axial 

orientation of the aglycon. 

CONH 2 

15 R’ = R4 = H, R2= OSitBuMQ, R’ = OMe 16 17 

13 R’ = R4 = H, R2 = OBz, R’ = OMe 18 19 

14 R’=R3=H, R2=OBx,R4=OMe 20 21 

8 R’=OBz,R’= R4=H,R3=OMe 22 23 

9 Rt=OBz,R’= R3=H,R4=OMe 24 25 

Reagents: i) DMSO. (CGCl),, NEt,. C&Cl,, -6OT; ii) 4, NaH, DMSO, 20 min.. rt.; 

Scheme 3 
. 

Table: Fomtation of amides fiotn aldehydes and anion of 4 

Entry Starting alcohol Products 

5(S) 5(R)’ 

Ratio 

SIRb 

Yield 

@I’ 

1 15 16 17 1:4 70 

2 13 18 19 2:l 70 

3 14 20 21 2:l 71 

4 8 22 23 7:l 72 

5 9 24 25 1.2:1 69 

a) We have adopted the 5(S), 5(R) nomenclature which refers to carbohydrates or mevinic acids numbering. Note 
that the 5(S) compounds 16,18,20,22,24 became 5(R) after reduction of the double bond, in agreement with 
mevinic acids stereochemistry. 
b) Estimated by integration of H-l, H-3 and H-5 protons 
c) Overall yields for oxidation-condensation calculated from the starting alcohol 
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Obviously, changing the orientation of the 3-0-benzoyloxy group from axial to equatorial e.g. from 18 to 22 

disfavoured the ‘C., conformation (both C-3 and C-5 substituents are equatorial). The results observed with B 

anomers (entries 3 and 5) may be rationnalized in the same terms of conformationnal equilibria taking anomeric 

effect into account, For example, anomeric effect may account for the extensive epimerisation of 24, in which the 

aglycon is equatorial, to 25 which satisfied this rule. 

Synthesis of the potential inhibitor 2 

In the light of the above results, the definitive synthetic blueprint for the preparation of the potential inhibitor 

2 was established as depicted on Scheme 4. The starting 10 was obtained from levoglucosan as described above 

for the synthesis of alcohol 8. Expecting the same size effect, a benzyl protecting group was used instead of a 

benzoyl group at C-3 to allow, in the same step, the reduction of the double bond and &protection at C-3 by 

hydrogenolysis. Benzylation of alcohol 5 gave 7 which was submitted to methanolysis in the presence of an acidic 

resin to give a 9:1 mixture of a$ anomers 10 and 11 which were separated by column chromatography. The 

oxidation-condensation sequence detailed above was then applied to 10 and to our good surprise the expected 

mixture of amides 26 and 27 was obtained in the ratio 9: 1 as estimated by proton nmr spectroscopy. This unseparable 

mixture was then catalytically reduced to give the alcohol 29 and about 8-10% of its C-3 epimer. The correct 

configuration at C-5 was established using Mitsunobu inversion to give the benzoate 30 which was sequentially 

deprotected by acid hydrolysis of the glycoside followed by saponification of the ester group. The last anddelicate 

step was the oxidation of the aldehyde of 32 to the methyl ester33 which was realized using silver oxide in refluxing 

methanol. No attempts were made to get 33 free from its C-S epimer (less than 10% by proton nmr spectroscopy). 

This compound was fully characterized by spectsoscopy, high resolution mass spectrometry and elemental analysis. 

The sodium salt 2 was prepared from 33 by saponification of the ester group with one equivalent of sodium 

hydroxide in ethanol and was directly assayed for the inhibition of HMGR: no inhibition was found even at a 

concentration of 10dM. The lack of activity of both compound 1 and 2 which differ in the stereochemistry at C-5 

indicates that whatever the orientation of the nicotinamide group relative to the dihydroxyacid unit it fails to bring 

sufficient energy bmding to the active site of the enzyme.” This shows also that the small hydrophilic nicotmamide 

ring cannot strongly interact neither with the domain which binds the lipophilic hexahydronaphtalene moiety of 

mevinic acids, or bind the rather hydrophilic coenzyme A present in the natural substrate of HMGR.” 

In summary, we have synthetized, from levoglucosan, a new potential inhibitor of HMGR encompassing 

the hydroxyacid moiety of mevinic acids of 5(R) configuration, flanked by a pyndme ring analogous to NADP. 

This transition state analogue as well as its previously prepared 5(S) epimer were found to be biologically inactive, 

suggesting that theexpecteddouble interaction in the enzymatic site cannot be realized with this kindof molecules. 

It is probable that the nicotinic moiety mimics only a too small part of the NADPH. Thus the use of a dihydropyridine 

moiety more closely related to NADPH instead of the pyridine one in 2 is probably necessary to ensure sufficient 

energy binding. During this study, we have demonstrated that the t-butyl dimethylsilyloxy group had a strong 
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OH OH 

32 

vi vii 

Reagents: i) 1) DMSO, (COCI),, NEb, CH,Cl, -WC; 2) 4, NaH, DMSO, 20 min., rt. 70%; ii) Hz, Pd/C, 

MeOH, 55%; iii) P(Ph),, DEAD, PhCOOH, TI-IP, 85%; iv) HCI, THP, 6OC, 80%; v) MeONa, MeOH, 75%; vi) 

Ag,O, MeOH, reflux, 50%; vii) NaOH, EtOH 

Scheme 4 

propension to be in an equatorial orientation. This remarkable effect is by far superior to anomeric effect and was 

responsible of the observed epimerisation. This effect would be taken into account in planning syntheses with this 

widely used protecting group. The generality and the possible uses of this effect are now under current study. 
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and grant MRES-CNRS No 87.C.0495) and the Centre National de la Recherche Scientifique (U.R.A. 486) for 
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Experimental Section 

The ‘H n.m.r spectra were recorded on a Bruker AM 400 spectrometer operating at 400 MHz. Unless otherwise 

stated, deuteriochloroform was used as solvent. Assignments were confirmed by double irradiation or COSY 

techniques. Chemical shifts are reported relative to internal SiMe,. Optical rotations were measured on a Perkin 

Elmer 141 poltuimeter at 20 ‘C. Melting points were measured in capillary tubes and were uncorrected. The 

elementary analyses and high resolution mass spectrometry were performed by the Service Central de Micro- 

analyses du CNRS at Vemaison (France). T.1.c was performed on silica gel (Merck 60 Fzz4). Column chroma- 

tography used silica gel (Merck 60 70-230 mesh). Mixtures of ethyl acetate (A), ethanol (E), toluene (T) and 

hexane @I) were used as eluents. 

Starting compounds 

Compound U7, S1’ and 3-cyano-4-methyl pyridine” were prepared according to literature procedure. 

1,6-anhydro-3-O-benzoyl-2,4-didesoxy-P-D-threo-hexopyran~ide 6 

To a solution of 1,6-anhydro-D-glucopyranose (600 mg, 4.5 mmol) in anhydrous pyridine (20 mL) at 

O’C was added benzoyl chloride (0.8 mL, 1.7 eq) and DMAP (20 mg). After stirring at room temperature for 

12 hours, ethanol (2 mL) was added and dichloromethane (100 mL). The organic layer was washed with 3N 

hydrochloric acid, water, 3N sodium hydroxide and water, dried over magnesium sulfate and evaporated. Col- 

umn chromatography on silica gel (A/H 25:75) afforded pure 6-. (864 mg, 80%); R,0.56 (A/H 40:60); mp. 

78°C; [a]uao - 76 (c 0.45, CHCI,); v,,,&m~’ 1680; ‘H NMR 6 1.92-2.15 (m, 3H, 2 x H-2, H-4), 2.40 (m, lH, Jdp 

15 Hz, H-4’), 3.85 (m. lH, H-6), 4.35 (d, lH, Je6,7 Hz, H-6’), 4.59 (m, lH, H-5), 5.39 (m, lH, H-3), 5.65 (s, 

lH, H-l), 7.40-8.10 (m. 5H, At-); Anal Calcd for C13H,404: C, 66.98; H, 5.57; Found: C, 67.06; H, 5.99. 

1,6-anhydro-3-O-benzyl-2,4-didesoxy-P-D-threo-hexopyran~ide 7 

Sodium hydride (60%, 600 mg, 15 mmol), previously washed with anhydmus tetrahydrofuran, was suspended 

in anhydrous dimethylformamide and stirred at O’C. A solution of 5 (1.46 g, 11.3 mmol) was added dropwise. 

After 10 min., benzyl bromide ( 1.74 mL, 14.7mmol) was added slowly. The mixture was stirred overnight at 

room temperature. The solvent was then evaporated and the residue was extracted with dichloromethane (3 x 

100 mL). The organic layer was washed with 3N hydrochloric acid, water, 3N sodium hydroxide, water, dried 

over magnesium sulfate and evaporated. Column chromatography on silica gel (A/H 20:80) afforded pure 7-. ( 

2.33 g, 89%); R, 0.59 (A/H 2~3); mp. 108’C; [alDzo -36.2 (c 0.85, CDCl,); ‘H NMR 6 1.84 (m, lH, J,, 15, J,.,, 

5, J13’ 2 Hz) H-2’) 1.94 (d, lH, H-2), 2-2.20 (m, 2H, H-4, H-4’), 3.73 (m, 2H, H-5, H-6), 4.36 (d, lH, J,,.6 Hz, 

H-6’), 4.50 (s, lH, H-3), 4.52 (dd, 2H, CH,Ph), 5.55 (s, lH, H-l), 7.20-7.26 (m, 5H, Ar); Anal Calcd for 

C13H,603: C, 70.87; H, 7.33; Found: C, 68.90; H, 7.21. 
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Methyl-3-O-benzoyl-2,4-dideoxy-D-threo-hexopyranoside 8,9 

To a solution of 6 (850 mg, 3.63 mM) in methanol (50 mL) was added Amberlite IR I? form (lg). The 

mixture was heated for 6 hours at 3o’C. When the reaction was completed, ethyl ether was added (150 mL) and 

the solution was filtered, washed with saturated aqueous sodium bicarbonate solution and brine. The organic 

layer was dried over magnesium sulfate, filtered and evaporated. The anomers 8 and 9, obtained in a 6:l ratio, 

were separated by hplc (A/H 25:75). 

a anomer 8-. (750 mg. 78%); gum; R,0,38 (A/H 50:50); [u],~ + 112.7 (c 0,83, CHCl,); v,,,&m-’ 3440, 1690; 

‘H NMR 6 1.60 (m, lH, H-4a), 1.79 (m, lH, Ja,Jk3 12 Hz, H-2a), 2.00 (t, lH, Jo,,7 Hz, OH), 2.10 (m, lH, 

H&z), 2.24 (m, lH, H-2e), 3.38 (s, 3H, OCH,), 3.60 (dd, lH, Jb,,. 12, JSb5 Hz, H-6), 3.72 (m, lH, J,,. 3 Hz, 

H-6’), 3.99 (m, lH, H-5), 4.95 (d, lH, J1* 3 Hz, H-l), 5.47 (m, lH, H-3), 7.40-8.10 (m, 5H. Ar). Anal Calcd 

for C14H,805: C, 63.15; H, 6.81; Found: C, 63.35; H, 6.8. 

p anomer 9-. (120 mg, 12%) gum; R,0.32 (A/H 50:50); v,,,,,Jcm~’ 3440, 1690, ‘H NMR 6 1.60 (m, 2H, H-2a, 

H-4a), 2.05 (m, lH, H-k), 2.20 (m, lH, OH), 2.35 (m, lH, H-2e), 3.55 (s, 3H, OCH,), 3.60-3.80 (m, 3H, 2 x 

H-6 et H-5), 4.50 (dd, lH, JIp 10, J,,2 Hz, H-l), 5.20 (m, lH, H-3), 7.40-8.10 (m, 5H, Ar). 

Methyl-3-O-benzyl-2,4-dideoxy-a-D-threo-hexopyranoside 10 

Compound 7 (2 g, 9 mmol) was treated according to the procedure described for the methanolysis of 6 

during 12 hours. The anomers 10 and 11 (9:l ratio) were separated using medium pressure liquid chromatogm- 

phy (A/H 35:65): lO-. (1.8 g, 89%); R,0.34; mp. 45°C; [alDm +102.8 (c 0.85, CH,OH); ‘H NMR 6 1.37 (m. lH, 

H-4a), 1.57 (m, lH, Ja,Jtiz 12 Hz, H-2a), 2.02 (m, lH, H-4e), 2.20 (m, lH, H-2e), 2.30 (m, lH, OH), 3.38 (s, 

3H, OCH,), 3.60 (m, 2H, H-6), 3.82 (m, lH, H-3), 3.99 (m, lH, H-5), 4.52 (2d, 2H, CH,Ph), 4.90 (d, lH, Jlp 3 

Hz, H-l), ,7.20-7.30 (m, 5H, Ar); Anal Calcd for C,,H,,,O,: C, 66.65; H, 7.99; Found: C, 66.70; H, 7.8. 

1,6-anhydro-3-O-benzyl-2,4-dideoxy-P-D-erythro-hexopyranoside 12 

To a solution of 5 (720 mg, 5.5 mmol), benzoic acid (1.63 g, 2.5 eq) and triphenylphosphine (3.62 g, 2.5 

eq) in anhydrous tetrahydrofuran (20 mL) stirred under argon was added dropwise DEAD (2.2 mL, 2.5eq). The 

mixture was stirred for 2 hours. Ethyl acetate (100 mL) was added and the organic layer was washed with 

aqueous sodium bicarbonate, dried over magnesium sulfate and evaporated. Column chromatography on s&a 

gel (A/H 20:80) afforded pure 12. (907 mg, 70%); R,0,65 (A/H 50:50); mp. 63’C; [air,” - 81.8 (c 0.15, CHCl,); 

Litt? oil; [a]d - 80 (c 0.80, CHCl,); v,,/cm*’ 1750; ‘H NMR 6 1.80 (m, lH, Jz3’ 12 Hz, H-2), 2.00 (m, lH, 

H-2’), 2.25 (m, lH, J4,.,’ 14 Hz, H-4), 2.32 (m, lH, H-4’), 3.76 (m, lH, H-6), 4.00, d, lH, JW7 Hz, H-6’), 5.60 

(s, lH, H-l), 7.50-8.00 (m, 5H, Ar). 
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4-[2-[(2RS,4R)-4-t butyl dimethylsilyloxy-6-methoxy-3,4~,6-tetrahyd~~-p~n-2-y1]-1 -em+ethyl]-3 

pyridine carboxamide 17 and 16 were obtained as a gum (274 mg, 70%). 

17-. ‘H NMR 6 0.10 (s, 6I-I. 2 x CH,), 0.90 (m, 9H, tBu), 1.40 (m, 2H. H-5a, H-3a), 1.93 (m. IH. H-3e), 2.10 

(m, lH, H-5e), 3.61 (s, 2.4H. OCH,), 3.87 (m, lH, H-4), 4.08 (m, lH, JdkS 12 Hz, H-2), 4.38 (dd, 0.8H, J,* 10, 

J,,2 Hz, H-6), 6.00 (m, lH, N-H), 6.40 (m, lH, N-H), 6.50 (dd, lH, JS,66r Js,7 15 Hz, H-2’), 7.10 (d, lH, H-l’), 

7.52 (d, lH, Ar), 8.60 (d. lH, At-), 8.80 (s, lH, Ar). 

16-. ‘H NMR 6 3.57 (s, 0.6H, OCH,), 4.70 (m, 0.2H, H-6). 

4-[2-[(2RS,4R)-4-benzoyloxy-6-methoxy-3,4~,6-tetrahydro-2~-pyran-2-yl]-l-ene-ethyl]-~py~dine car- 

boxamide 18,19, (194 mg, 70%) strating from I3 (22Omg, 0.7 mmol). 

18-. ‘H NMR 6 1.90 (m, lH, H-3a), 2.02 (m, lH, H-5a), 2.10 (m, lH, H-5e), 2.15 (m, lH, H-3e), 3.45 (s, 

2.01H, OCH,), 4.65 (m, 0.66I-I. J,,, 11 Hz, H-2), 4.88 (m, 0.66H, J,,9 Hz, H-4), 4.92 (d, 0.66I-I, J,* 2 Hz, 

H-6), 6.00 (m, 2H, 2 x N-H), 6.45 (dd, lH, H-2’), 7.08 (d, 1H. H-l’), 7.40-8.80 (m, 8H, Ar). Anal Calcdfor 

C,,H,N,O,: C, 65,96; H, 5.80; N, 7.33; Found: C, 66.11; H, 5.96. N, 7.45. 

19-. ‘H NMR 6 3.55 (s, 0.99H, OCH,), 4.25 (m, 0.33H, J&,9 Hz, H-2), 4.55 (dd, 0.33H. I,, 10, J ,&2 Hz, 

H-6), 5.25 (m, 0.33H. H-4). 

4-[2-[(2RS,4R)-4-benzoyloxy-6-methoxy-3,4~,6-tetrahydro-2H-pyran-2-yl]-l-ene-ethyl]-3-pyridine car- 

boxamide 20,21(98 mg, 71%) starting from 14 (110 mg, 0.36 mmol). 

20-.‘H NMR 6 1.90 (m, lH, H-3a), 2.02 (m, lH, H-5a), 2.10 (m, lH, H-5e). 2.15 (m, lH, H-3e), 3.54 (s, 2H, 

OCH,), 4.63 (m, 0.66H, J4,,5 11 Hz, H-2), 4.86 (dd, 0.66H, J,, 10, J,,2 Hz, H-6), 5.57 (m, 0.66H, H-4). 6.00 

(m, 2H, 2 x N-H), 6.45 (dd, lH, H-2’), 7.08 (d, lH, H-l’), 7.40-8.80 (m, 8H, Ar). 

21-. ‘H NMR 6 3.39 (s, lH, OCH,), 4.20 (m, 0.33H, H-2), 4.81 (dd, 0.33H, Jlti 10, Jl&Hz, H-6), 5.60 (m, 

0.33H. H-4). 

4-[2-[(2RS,4S)-4-benzoyloxy-6-methoxy-3,4,5,6-tetrahydro-2~-pyran-2-yl]-l-ene-ethyl]-3-pyridine car- 

boxamide 22,23 (275 mg, 72%) starting from 8 (300 mg, 1 mmol). 

22-. ‘H NMR 6 1.80 (m, 2H, H-5a et H-3a), 2.27 (m, lH, H-3e), 2.35 (m, lH, H-5e), 3.39 (s, 2.64H. OCH,), 

4.60 (m, 0.88H, J.,,, 11 Hz, H-2), 5.01 (d, 0.88H, Jlp 2 Hz, H-6), 5.50 (m, 0.88H, H-4), 6.00 (m, 2H, 2x N-H), 

6.45 (dd, lH, H-2’), 7.12 (d, lH, H-l’), 7.40-8,90 (m, 8H, Ar). 

23-. ‘H NMR 6 3.55 (s, 0.36H, OCH,), 4.65 (m, O.l2H, H-2), 4.85 (m, 0.12H. J,:, 9 Hz, H-6), 5.58 (m, O.l2H, 

H-4). 
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4-[2-[(zRS,As)_4-~~yloxy~~~oxy-3~~~-tetrahydr~2~-pyran-2-yl]-l~ne~~yl]-3-py~di~ car- 

boxamide 24,25 (104 mg, 69%) starting from 9 (120 mg, 0.39 mmol). 

24-. ‘H NMR 6 1.80 (m. 2H, H-Sa, H-3a), 2.27 (m, lH, H-3e), 2.35 (m, lH, H-5e), 3.55 (s. 1.65H, CK!Hs), 4.25 

(m, 0.55H, J-2 Hz, H-2), 4.55 (dd, 0.55H. J,, 10, J,,2 Hz, H-6), 5.25 (m, 0.55H, H-4). 6.00 (m, 2H. 2 N-H), 

6.45 (dd, lH, H-2’), 7.12 (d, lH, H-l’), 7.40-8.90 (m, 8H, Ar). 

25-. ‘H Nh4R 6 3.45 (s, 1.35H, OCH,), 4.85 (m, 0.45H, JdJ 10 Hz, H-2), 4.90 (d, 0.45H, JIa4 Hz, H-6). 5.40 

(m, 0.45H, H-4). 

4-[2-[(~,4s)~-benzyloxy-6-methoxy-3,4~,6-tet~hyd~-2H-py~n-2-yi]-l~n~ethyl]-3-pyridine carboxa- 

mide 26 

Oxidation of 10 (940 mg, 3.73 mmol) and condensation was performed according to the general procedure. 

(988 mg, 72%): 40.56 (A/E 70:30); mp. 57’C; [al, + 73.4 (c 0.56. MeOH); ‘H NMR (CD,OD) 6 1.46 (dd, lH, 

H-3a), 1.61 (m, lH, H-5a), 2.23 (m, 2H, HG?e., H-3e), 3.34 (s, 3H,OCH,), 3.94 (d, lH, CH,Ph), 4.42 (dd, lH, 

H-4), 4.60 (d, lH, CH,Ph). 4.82 (m. lH, H-2’), 4.94 (d, 0.99H, J=2.0Hz, lH, H-6), 6.20 (m, 2H. NH), 6.44 (dd, 

lH, J 16.0, J 5.0 Hz, H-2’), 7.10 (d, lH, H-l’), 7.20-7.40 (m, 5H, Ar), 7.47-8.76 (m, 8H, Ar). Anal Calcd for 

G,H,N,O,: C, 68.46; H, 6.57; N,7.60, Found: C, 68.11; H, 6.60; N, 7.55. 

4-[2-[(2R,4S)-4-benzyloxy-6-methoxy-3P,5dine carboxa- 

mide 27 

‘H NMR (CD,OD) 6 same signals as above except: 3.52 (s, 0.33H, OCH3,4.80 (dd, O.llH, J,sl 9.0 Hz, H-6). 

4-[2-[(2R,4S)-4-benzyloxy-6-methoxy-3,4,5,6-tetrahydro-2H-pyran-2-yl]-ethyl]-3-pyridine carboxamide 

28 

To a solution of the epimeric mixture of 26 and 27 (800 mg, 2.2 mmol) in ethanol (80 mL) was added palla- 

dium on charcoal (10%. 250 mg) and the mixture was placed under a H, atmosphere during 4 hours. Tic analy- 

sis indicated that the reaction was completed. The catalyst was filtered off through a pad of celite and the 

solvent was evaporated to afford crude 28 (627mg, 78%). An analytical sample had R, 0.52 (A/E 70:30); [a],zo 

+63,3 (c=O.62, CH,OH); v&m-’ 3300,3200,1680,1600, ‘H NMR (CD,OD) 6 1.23 (m, lH, H-2’), 1.47 (m, 

lH, H-2”), 1.70-2.30 (m, 4H, H-5, H-3), 2.90 (m, lH, H-l”), 3.07 (m, lH, H-l’), 3.30 (s, 3H, OCH,), 3.72 (m, 

lH, H-2), 3.85 (m, lH, H-4), 4.55 (m, 2H), 4.82 (lH, H-6), 7.40-8.73 (m, 3H, Ar). 

4-[2-[(2R,4S)-4-hydroxy-6-methoxy-3P,5,6-tetrahy~~2H-pyran-2-yl]-ethyl]-3-pyridine carboxamide 29 

To a solution of crude 28, (585 mg, 1.57 mmol) in ethanol (60 mL) was added palladium on charcoal (lo%, 

500 mg) and the mixture was placed under one atmosphere of Hz during 4 hours. The catalyst was filtered off 

through a pad of celite and the solvent was evaporated to afford crude 29 (332 mg, 75%), R, 0.34 (A/E 70:30) 

which was used in the next step. 
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4-[2-[(~,4R)-4-benzoyloxy-6-methoxy-3P,5,6-tetrahydr~2~-pyran-2-yl]-ethyl]-3-pyridine carboxamide 

30 

To a solution of 29 (280 mg, 0.99 mmol), benzoic acid (250 mg. Zmmol) and triphenylphosphine (520 mg, 2 

mmol) in anhydrous tetrahydrofuran (20 mL), stirred under argon, was added dropwise DEAD (0.31 mL, 2 

mmol). The mixture was stirred for 2 hours. After evaporation of the solvent the residue was chromatographed 

on a silica gel column (A/E 80:20) to yield pure 30-. (326 mg, 85%); R, 0.54 (A/E 80:20); [u],,~ +78,7 (c 0.72, 

C&OH). ‘H NMR 6 1.60-2.10 (m, 6H, 2 x H-5 ,2 x H-3,2 x H-2’) 2.92 (m, lH, H-l’), 3.11 (m, lH, H-l”), 

3.38 (s, 3H, OCH,), 4.20 (m, lH, Jti5 11 Hz, H-2). 4.92 (d, lH, J,, 2 Hz, H-6). 5.25 (m, lH, H-4), 7.40-8.60 

(m, 8H, Ar); Anal Calcd for G,H,N,O,: C, 65.61; H, 6.29; N,7.29; Found: C, 65.45; H, 6.4; N, 7.28. 

4-[2-[(2R,4R)-4-benzoyloxy-6-hydroxy-3,4~,6-tetrahydro-2H-pyran-2-yt]~thyl]-3-pyri~ne carboxamide 

31 

A solution of compound 30 (271 mg, 0.7 mmol) in tetrahydrofuran (20 mL) was added hydrochloric acid (lN, 6 

mL) was gently refluxed until tic indicated complete reaction (2 hours). Solid sodium bicarbonate was then 

added. After filtration, dichloromethane was added. The organic layer was washed with water and dried over 

magnesium sulfate. Column chromatography on silica gel (A/E 70:30) gave pure 31 (235 mg, 90%); R, 0.60 

(A/E 70/30); mp 78’C; [a], + 12.5 (c 0.51 ; CHCI,); v,,/cm-’ 3500-3100, 1730, 1680, 1600 ‘H NMR 

(CD,OD) 6: 1.60-2.10 (m, 6I-I, 2 x H-5 ,2 x H-3 2 x H-2’), 3.00 (m, 2H, 2 x H-l’), 3.88 (m, lH, H-2), 5.09 (dd, 

lH, H-6), 5.45 (m, lH, H-4), 7.40-8.52 (m, 8H, Ar). Anal Calcd for C&-I,N,O,: C, 64.85; H, 5.99; N,7.56; 

Found: C, 65.10; H, 6.0; N, 7.55. 

4-[2-[(2R,4R)-4,6-hydroxy-3,4~,6-tetrahydro-2H-pyran-2-yl]-ethyl]-3-pyridine carboxamide 32 

To a solution of 31(192 mg, 0.52 mmol) in anhydrous methanol (30 mL) was added a catalytic amount of 

sodium (40 mg). After 1 hour at room temperature, acidic resin (Dowex 50W I-I+) was added until pH 7. The 

resin was filtered off and the solvent evaporated to give 32 which was purified by silica gel column chromatog- 

raphy (A/E 90:10)-. (110 mg, 80%); Rr0.37 (A/E 70~30); [a]uzo -39,5 (c 0.28, CHCl,); ‘H NMR (QOD) 1.10 

(m, lH, H-2”), 1.35 (m, lH, H-2’), 1.70-2.30 (m, 4H, H-5, H-3), 2.9 (m, lH, H-l”), 3.00 (m, lH, H-l’), 4.63 

(dd, lH, H-6), 7.35-8.55 (m, 3H, Ar). 

Methyl (3R,5R) 7-(3-aminocarbonyl-4-pyridyl)-3,SLdihydroxy heptanoate 33 

To a solution of 32 (100 mg, 0.42mmol) in methanol (25 mL) was added freshly prepared silver oxide (578 mg, 

2.52 mmol). The mixture was stirred overnight at reflux in the dark. After filtration of the salts, the solvent was 

evaporated and the residue was chromatographed on a tic plate (CHClJE 85: 15) to give pure 33-. (50 mg, 

50%); R, 0.42 (CHC13/MeOH 80:20); v,,&m-’ 3350,3200,1740,1680,1600; ‘H NMR (CD,OD) 6 1.42 (m, 

lH, H-6’), 1.55 (m, lH, H-6), 1.68 (m, 2H, H-4), 2.43 (m, 2H, H-2), 2.83 (m, 2H, H-7), 3.56 (m, 3H, OCH,), 

3.61 (m, lH, H-3), 3.77 (m, lH, H-5), 7.35-8.55 (m, 3H, Ar). m/z: Calcd: 296.1372; Obsd: 296.1322. 
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