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ABSTRACT
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C-Glycosylations of several 2-naphthols with difierglycosyl donors have been investigated in
the pursuit of the total synthesis of mayamyciy. (While glycosylations of the parent 2-
naphthol are readily achievable, those of 5-methbxyethyl-2-naphthol § embodying the
target are ineffective under different Lewis acidionditions. The inefficiency of the
glycosylation of6 has been attributed to the steric effect exerte@bynethyl group, which was

corroborated by glycosylation studies of differ@mtaphthols.
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1. Introduction

Mayamycin ()* was isolated in 2010 by Imhoff et al. from thetaté of marinetreptomycin
sp. stain HB202. It exhibited potent cytotoxic adii@s against eight different human cancer cell
lines and showed activity against several baciadluding antibiotic-resistant strains withsC

values ranging between 0.13-0,34.

Figure 1. Structure of mayamycin (1)

Mayamycin (1)

In addition, it has antiproliferative activitiesward the mouse fibroblast cell line NIH-3T3
with an 1G; value of 0.22:M, which is 100-fold more potent than the cliniceig tamoxifen.
The unusual structural architecture lofilong with its remarkable antibacterial and antibu
activities prompted us to undertake its total sgsib. Recently, we reported a route for the
synthesis of angucycline C5 glycosi@e via C-glycosylation of 2-naphthofs.Oxidative
dearomatization o€1-glycosyl-2-naphthoB and Hauser annulation dfwere the key steps of

the strategy (Scheme 1).

Scheme 1. General synthesisroute of angucycline C5 glycosides
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Extension of this strategy to the total synthedisnayamycin {) required theC-glycosyl
naphthol5. However, its synthesis was impeded by the failbiréhe C-glycosylation of the

corresponding naphthélwith various glycosyl donorsg (Scheme 2).

Scheme 2. Synthetic analysis of mayamycin (1)
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Herein, we report synthesis of the naphtBohnd its analogs, and their reactivity profiles

towardsC-glycosylation with three glycosyl donors.

2. Resultsand discussion

The required naphthd was previously synthesized in 11 steps from coriaky available
3,4-dimethylanisolé.In the present work, a short synthesi$ @fas achieved by combined

Scheme 3: Synthesis of naphthol 6
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Reagents and conditions: a) Pd(CA®,HPO,, CH,Br,, 140 °C, 16 h, 80%; b) methyl crotonate, LIHMD${H, -
78 °Ctort, 12 h; ¢) ag KOH, MeOH, 80 °C, 4 h, 6@ssteps); d) Mel, KCOs;, acetone, 98%; e)HPd-C, EtOAc-

MeOH (2:1), 12 h, 90%.



application of Yu lactonizatidfland Sammes annulatir{Scheme 3). Benzyloxybenzoic acid
8 was subjected to Yu lactonization (gBt,, Pd(OAc), K.HPQy) to furnish phthalid®® in 80%
yield. Annulation of9 with methyl crotonate in the presence of LDA pra@dchaphthollO. The
crude naphtholO was heated at reflux with 30% aq KOH-Mebtd give naphtholll in 60%
overall yield. O-Methylation of 11° furnished 12, which upon debenzylation with ;HPd-C
furnished naphthd.?
Chart 1. Glycosyl donorsused in this study
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Keeping in mind the structute of mayamyci), (we chose to experiment with three glycosyl
donors 13-15, Chart 1) forC-glycosylation of the naphthd@. The choice of the azido acetate
13" owes to it higher reactivifyand our success witB-glycosylation of the parent 2-naphtHol.
Strikingly, the reaction between the azido acet&teith the naphthob in the presence of SnCl
furnished a complex mixture of products with snmathount ofC-glycosyl naphtholsl6a and
16b. Variations of the catalysts, reaction time, coricion and temperature were of no avail
(Table 1) to increase the yield of the reaction.

Having failed with the glycosylation with the azidoetatel3, we turned tdN-monomethylkert-
butylcarbamatel4. It 14 was prepared in 3 steps from azido acéatélydrogenolysis of the
azido acetatd3 with H,/Pd-C in methanol followed by treatment of the erwaminel? with
Boc,O (1.2 equiv) and DMAP (cat) in DCM produced camiade18. N-methylation ofl8 using
NaH and Mel in DMF gave th&l-monomethyltert-butylcarbamatel4 in 65% overall yield
(Scheme 4). Glycosylation of 2-naphth@®) with the glycosyl donot4 in presence of Sngbr
TMSOTf-AgCIO,’ provided an intractable mixture of products. Thenplexity of the reactions
was possibly due to deprotection of the carbamatepgduring the reactiort$.



Table 1. Glycosylation of naphthol 6 with azido acetate 13

/O -
conditions
O —_—

O + Acowo/xc
N3 vide Table 1
OH
6 13 16a 16b OAc
Entry 6:13 Catalyst Concentration Temp/h Results
of 6 (mol/L)
1 1.0:1.6 SnGIDCM 0.027 -78°Cto—35° Traces ofl6a
C/12 and16 b
2 1.0:1.6 SnGIDCM 2.66x10° -78°Ctoto—35° do
Ctort/
12
3 1.0:1.6 SnGIDCM 0.027 -78°Cto—20° do
C/12
4 1.0:1.6 SnGIDCM 2.66 x10° -78°Ctort/ do
12
5 20:1.0 TMSOTf- 0.06 0°Ctort/2 IM
AgCIO4/DCM
6 1.0:20 CgHfCl - 0.018 -78°Ctort/ SM
AgCIlO/DCM 12
7 1.0:4.0 Sc(OT§DCE 0.032 -30°Ctort/ SM
18
8 1.0:20 BEERLO/ 0.03 0°Ctort/ 12 SM
DCM

IM = Intractable mixture, SM = Starting naphtitotemained unreacted, whil& decomposed.



Next, glycosyl donorl5 was studied in the place d# because it was found to be a better
glycosyl donor in the case of @benzyl analogd.For the preparation 015, a-D-methyl
glucopyranoside20) was converted to alcohBl*'?in 4 steps, which was protected as its benzyl

Scheme 4. Synthesis of 14 and glycosylation studies with 2-naphthol (19)
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Reagents and conditions: a) Pd-G, MeOH, 50 psi b) Ba®©, DMAP (cat) , DCM, rt c) NaH, Mel, DMF, 65% (3
steps) d)19, SnC}, DCM, - 78 °C to - 35° C to rt, 12 h &9, TMSOTf, AgCIQ,, DCM,0°Ctort, 2 h

ether22 in excellent yield. Deprotection of benzylidene tat@2 by TFA in DCM to 23"

followed by tosylation furnished monotosyl derivatP4. The crude tosyl sug@4 was heated

Scheme 5. Synthesis of 3-mesyloxy carbohydrate 15
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Reagents and conditions: a) BnBr, NaH, DMF, 88%D6M, TFA-H,0, 90% ; c) TsClI (1.2 equiv.), DCM-Py (1:1)
d) LAH, THF, 52% (2 steps); e) AD, py, quant; f) BBy, DCM, 98%; g) MsCl, Py, 95%.



11c
S

at reflux with excess LAH in dry THF to give 6-dgogugar25-" in 52% yield over two steps

6''° and the benzyl ether 26 was

(Scheme 5). The sug@b was converted into its aceta?
cleaved with BBgin DCM to furnish27 as an inseparable mixture of two C1 epimers. React
of 27 with 1.2 equiv mesyl chloride in pyridine providée required mesyl sugab in excellent
yield. Since the glycosylation is known to procekrbugh the oxacarbenium intermediate, the

stereochemistry at C1 was expected to be of ncecpuesice in the glycosylation.

Scheme 6. Glycosylation of 2-naphthol 19 and naphthol 6 with mesyloxy sugar 15
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C-Glycosylation of19 with 15, when carried out in the presence of TMSOTf-Ag¢#d catalyst,
proceeded smoothly to furnish ti#eC-aryl glycoside28 in 64% isolated yield (Scheme 6).
Surprisingly, under the same set of conditionshitagd 6 produced29 only in a trace amount
(Scheme 6). The above failure intrigued us aseécetfect of 7-methyl or 5-methoxy group in the
C-glycosylation reaction. The marked difference ediativity of 6 and19 led us to examine 7-
methyl-2-naphthol30) to probe the effect of C5 methoxy grougbin

Naphthol30 was synthesized from tetraloB& in 4 steps. Reduction of the keto functionality of
tetralone 31'%® with NaBH, resulted in the alcohol82, which were dehydrated to obtain
dihydronaphthalen8&3. Aromatization of33 to naphthol34 followed by demethylation using
BBr; yielded naphthoB0*?” in good overall yield (Scheme 7). The reaxctiorthef naphthoBO
with azido acetatel3 in the presence of SnCin DCM totally failed to give glycosylated
product. The naphthaBO was recoveredin good yield. There was no indication of the

formation ofC-glycosides.

Next, we studied the glycosylation of 5-methoxydphthol 85). It was synthesized from
tetralone36,** which was converted into aceta®*>° and then aromatized with NBS. The



resulting mixturé® was O-methylated to give methyl eth@ in an excellent overall yield.
Finally, the deacetylation &8 with MeONa in methanol furnished 2-napht86lin quantitative

yield. C-Glycosylation of35 with the azido acetate8 was then performed in the presence of

Scheme 7. Synthesis of 7-methyl-2-naphthol (30) and its glycosylation with 13

31 32 33 d (34 R=Me
30: R=H

Reagents and conditions: a) NaBiMeOH, 0 °C to rt, 6 h, 85%; - TsOH, benzene, 80 °C, 4 h, 72%; c) DDQ,
benzene, rt, 5 h, 80%; d) BBDCM, 90%; e) SnG) DCM, - 78 °C to - 35° Ctort, 12 h.

SnCl in DCM. Although the reaction provided a mixturétevo epimericC-glycosides, as
evident of its'H NMR spectrum, but we were able to isolate theePBneric glycosides9 in
20% yield (Scheme 8).

Scheme 8. Glycosylation of naphthol 35 with glycosyl donor 13
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Reagents and conditions: a) J8; pyridine, 96%; b) NBS, Cglc) Mel, DBU, acetone, 75% (2 steps); d) cat.
NaOMe, MeOH, quant; €3, SnC}, DCM, - 78 °C to - 35° C to rt, 12 h, 20%.

These results imply that the effect of the C7 mletirpup of 6 on its C-glycosylation of 2-
naphthols is quite significant. We anticipatedttpeari-effect might be preventing th€-

glycosylation as proposed by Parker et al. for fhtizol derivatives. Considering the lesser



steric bulk of fluorine than methyl, we synthesizdgoronaphthol40. Tetralone41* was
reduced with NaBHto the corrosponding alcohol, which was acetyldtedbtain acetatd2 as
mixture of isomers (Scheme 9). Treatment of thdaded?2 with p-TSA in refluxing toluene
produced a mixture of fluoronaphthale@@sand44. This mixture was then treated with DDQ in
dry DCM to provide methyl ethet3 in 40% yield. Treatment 043 with BBr; furnished the
desired fluoronaphthelO in 85% yield (Scheme 9).

Scheme 9. Preparation of fluoronaphthol 40
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Reagents and conditions: a) NaBAIHF-MeOH; b) AgO, pyridine, 80% (2 steps); p)TSA, toluene, 120 °C, 2 h;
d) DDQ, DCM, rt, 40% (2 steps); e) BBIDCM, 0 °C to rt, 85%.
Scheme 10. Glycosylation of fluoronaphthol 40 with 13
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Reaction of fluoronaphthalO with the azido acetat#3 in the presence of SnOlesulted in a
mixture of epimericC-glycosidesA5a (30%) and45b (10%). The yield of the glycosylation was
relatively lower than with 2-naphthdlq), but distinctly better than that with methylnapit30.

To further ensure the steric perturbation of 7-ryletfnoup of 2-naphthol in th€-glycosylation
reaction, we carried out glycosylation of 6-metByhaphthol 46)*° with azido acetaté3 in the

presence of Sn¢hs Lewis acid. The reaction resulted in a mixafrdreeC-glycosides in 70%

9



combined vyield. Glycosidd7a was isolated from the mixture in 35% vyield, wherd@b and
47c were inseparable (Scheme 11). The structuré§aftnd47b were in good agreemrnt with

their NMR spectravhereas that of7c was tentatively assigned.

Scheme 11. Glycosylation of 6-methyl-2-naphthol (46) with azido acetate 13

SnCl,, DCM
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tort, 12 h
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Table 2. Summary of C-glycosylations of different 2-naphthols

Entry Glycosyl donor  Glycosyl acceptor Conditions Product Yield

> 1%

1 AcO e snCh,  _©O
% O DCM, - 78
N3 OAc O OC to - 350

OH Ctort, 12
13 6 h 16a, 16b N3 OAc
2 AcO do do n.d.
%
BocMeN
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n.d: not detected
3. Conclusion

In summary, several 2-naphthols were synthesizetltheir C-glycosylation with glycosyl
donors: azido acetatil8, N-monomethyitert-butylcarbamate sugd? andmesyl sugad5 were
studied under Lewis acidic conditions. From thdseliss it is evident that 7-methyl group in 2-
naphthol has a deleterious effect on@iglycosylation under the reaction conditions. Téffect
is the result of the sensitivity @@-glycosylations to the steric effect of the sulustitts at C7

position.

4. Experimental
4.1 General

All commercial reagents were used without furtherification. Melting points were determined
in open-end capillary tubes. Solvents were driedl distilled following the standard procedures.
TLC was carried out on pre-coated plates (Mercicasibel 60, GF254), and the spots were
visualized with UV, fluorescent light or by staigirwith 10% HSO, in methanol. Column
chromatography was performed on silica gel (60-b2®30-400 mesh)'H and **C NMR
spectra for the compounds were recorded with 200,ahd/or 600 MHz spectrometetsl and
13C chemical shifts are reported in ppm downfieldesfamethylsilane and referenced to residual
solvent peak (CHG] 64 = 7.26 andéc = 77.23, ¢DMSO; 6y = 2.50 andéc = 39.5).
Multiplicities are reported using the following akbiations: s = singlet, d = doublet, t = triplet,
g = quartet, m = multiplet, br = broad resonanBespectra were recorded on a FT-IR using KBr
pellet on a Thermo Nicolet Nexus 870 FT-IR spedimipmeter Mass spectra were taken on a

MS-TOF mass spectrometer. The phrase ‘usual workupvorked up in usual manner’ refers

12



to washing of the organic phase with water (2 xth&volume of organic phase) and brine (1 x
1/4 the volume of organic phase), and drying (antysl NaSQy), filtration, and concentration

under reduced pressure. Yields were referred tatew yields after purification.

6-Benzyloxy-3-methylnaphthalen-1-ol (11)* To a solution 0B (720 mg, 3.0 mmol) in dry THF
(20 mL) at - 78 °C under argon atmosphere was adé#dDS (11 mL, 1 M in hexane, 11
mmol) and the reaction mixture stirred for 30 nAnsolution of methyl crotonate (0.66 mL, 6.0
mmol) in THF (10 mL) was then added in portion aticced at - 78 °C for another 30 min. After
30 min, the bath was removed and stirring was oaetl for 12 h at rt. The reaction mixture was
cooled to 0 °C, acidified with aq 6 N HCI and extsad with EtOAc (50 x 3 mL) and worked up
in usual manner. The crude reaction mixture wasotiied in a mixture of MeOH ( ) and ,
30% aqg KOH (25 mL) was added and refluxed undet imenosphere for 4 h. It was cooled to
rt, acidified with ag 6 N HCI ( ml) and exttad with EtOAc (50 x 3 mL) and worked up in
usual manner. The crude compound was subjectedltono chromatography on silica gel
(using 20% EtOAc/hexanes as eluent) to ob14if500 mg, 60%) as yellow oitH NMR (200
MHz, CDCk) 6 8.06 (d,J = 9.0 Hz, 1H), 7.54-7.32 (m, 5H), 7.28-7.11 (m,)3B.50 (s, 1H),
5.38 (s, 1H), 5.18 (s, 2H), 2.42 (s, 3H)C NMR (50 MHz, CDC}) § 157.6, 151.6, 137.2, 136.9,
136.5, 128.8, 128.2, 127.8, 123.5, 119.0, 118.3,311109.2, 107.0, 70.2, 22.0.

6-Benzyloxy-1-methoxy-3-methylnaphthalene (12)° To a solution of naphthdll (1.1 g, 4.17
mmol) in dry acetone (30 mL), K03 (1.73 gm, 12.5 mmol) and Mel (2.4 mL, 17 mmol) &ver
added. The reaction mixture was stirred at rt ®hlfiltered and acetone was evaporated under
reduced pressure. The crude reaction mixture wasaed with ethyl acetate (50 x 3 mL),
washed with dil ag sodium thiosulfate solution avatked in usual manner. Chromatography of
the residue on silica gel (using 10% EtOAc/hexatesluent) providet2 (1.1 g, 96%)ys an off
white solid.*H NMR (200 MHz, CDCJ) § 8.10 (d,J = 8.6 Hz, 1H), 7.50-7.36 (m, 5H), 7.15-
7.10 (m, 3H), 6.52 (s, 1H), 5.16 (s, 2H), 3.973(d), 2.47 (s, 3H)**C NMR (50 MHz, CDC)) §
157.6, 155.6, 137.2, 136.8, 136.2, 128.8, 128.7,812123.8, 119.4, 118.6, 117.1, 106.8, 104.6,
70.1, 55.6, 22.5.

5-M ethoxy-7-methylnaphthalen-2-ol (6)° To a stirred solution af2 (1.0 g, 3.58 mmol) in 3:1
MeOH-EtOAc (80 mL), 10% Pd-C (220 mg) was added d&hne reaction mixture was

13



hydrogenated using parr apparatus for 6 h. Thetiomamixture was filtered through celite,
solvent was evaporated under reduced pressureuaifigg by column chromatography on silica
gel (using 5% EtOAc/hexanes as eluent) to o808 mg, 90%ps pale yellow oil'H NMR
(200 MHz, CDC}) 6 8.14 (d,J = 9.6 Hz, 1H),7.05-7.02 (m, 3H), 6.54 (s, 1H),8(8, 3H), 2.48
(s, 3H);*C NMR (50 MHz, CDC}) § 155.6, 154.2, 136.9, 136.2, 124.1, 119.3, 11815.9,
109.1, 104.4, 55.5, 22.4.

6-Acetoxy-4-(tert-butoxycar bonyl-methyl-amino)-2-methyltetr ahydr opyr an-3-yl-acetate

(14) The azido acetat#3 (550 mg, 2.1 mmol) was hydrogenated in the presenhd®% Pd-C
(200 mg) following the procedure used for the prapan of6 from 12. The crude amin&7 was
dissolved in DCM (20 mL) were added B6c(0.62 mL, 2.7 mmol) and DMAP (10 mg) and
stirred at rt for 12 h. Water (40 mL) was addéd teaction mixture was extracted with DCM
(50 x 3 mL) and worked up in usual manner to obtaencarbamat&8. To a solution ofl8 in
DMF (15 mL) was added NaH (60%, 90 mg, 2 mmol) &C0and stirred for 30 min. Methyl
iodide (0.2 mL, 3.2 mmol) was added and the reactiixture was stirred at rt for 12 h. The
reaction mixture was cooled to 0 °C, water was ddalal extracted with ethyl acetate (50 x 3
mL). After usual work up followed by flash columhromatography (using 20% EtOAc/hexanes
as eluent) of the crude product providet(480 mg, 65%)™H NMR (200 MHz, CDC}) & 6.39
(s), 5.87-5.82 (m), 4.91 (br, s), 4.69 Jd; 11.2 Hz), 4.57 (dd, d,= 11.4 Hz,), 4.44 (ap §,= 4.8
Hz), 2.80 (s), 2.73 (s), 2.68 (s), 2.64 (s), 143 1.40 (s)*C NMR (100 MHz, CDGJ) § 171.3,
171.0, 170.5, 170.4, 169.9, 156.3, 156.1, 155.5,6,98.4, 98.3, 98.0, 97.9, 34.7, 34.0, 33.6,
32.2, 28.8, 28.6, 28.5; HRMS (TOF MS ES+) found )% 346.1858, GsH.sO/N calcd
346.1866.

8-(benzyloxy)-6-methoxy-2-phenylhexahydr opyrano[3,2-d][1,3]dioxine (22) To a stirred
solution 0f21 (1.8 g, 6.76 mmol) in DMF (30 ml), NaH (440 mg, hinol) was added at O °C in
portion under inert atmosphere and stirred for 3. ifter 30 min benzyl bromide (1.3 mL, 11
mmol) was added to the reaction mixture drop wisamer and the reaction mixture was stirred
for overnight at rt. The reaction mixture was @ubto 0 °C, quenched with MeOH (2 ml) and
brain (15 mL) was added and it was extracted witlyleacetate (50 x 3 mL). After usual work
up followed by flash column chromatography (usi®@§@EtOAc/hexanes as eluent) resulg2d
(2.12 g, 86%) as yellow semisolid’H NMR (200 MHz, CDCY) § 7.54-7.25 (m, 10H), 5.60 (s,

14



1H), 4.88-4.76 (m, 3H), 4.57-4.33 (m, 2H), 4.01d(b8 Hz), 3.81-3.70 (m, 2H), 3.46 (s, 3H),
2.27 (dd,J = 15 Hz, 2.6 Hz, 1H), 2.31-1.91 (m, 1HJC NMR (50 MHz, CDC}) & 139.2, 137.9,
129.1, 128.4, 128.3, 127.6, 127.3, 126.4, 102.3),980.5, 77.9, 77.2, 76.6, 72.2, 70.4, 69.7,
58.3, 55.7, 34.6. HRMS (TOF MS ES+) found [M+t357.1697, GH,s0s calcd 357.1702.

4-Benzyloxy-6-methoxy-2-methyltetrahydropyran-3-ol (25)*'2 To a solution o223 (5.1 g, 19
mmol) in dry pyridine (50 mL) was added a solutadrtosyl chloride (4.40 g, 23 mmol ) at 0 °C
in drop wise manner and stirred at rt for 2 h. Téection mixture was cooled to 0 °C, quenched
by adding water, extracted with ethyl acetate (¥0® mL). The organic part was washed with
dil aqg CuSQand work up using usual manner to obtadnas yellow semisolid. The crudd
was dissolved in dry THF (100 mL) was added LiAl@40 mg, 122 mmol) at 0 °C in portion
under inert atmosphere. The reaction mixture whsxed for 2 h, cooled to 0 °C and quenched
with ag NaSO. It was passed through celite, washed with ethdrcancentrated under reduced
pressure. The crude5 was purified by flash column chromatography (usi2%
EtOAc/hexanes as eluent) to obtdbt? (2.5 g, 52%) as yellow semisolitH NMR (200 MHz,
CDCl) § 7.38-7.31 (m, 5H), 4.82 (d,= 11.4 Hz, 1H), 4.70 (d] = 4.4 Hz, 1H), 4.41 (d] =
11.4 Hz, 1H), 4.07-3.93 (m, 1H), 3.83 (tk 3 Hz, 1H), 3.39 (s, 3H), 3.34-3.26 (m, 1H), 2(67
J=10.4 Hz, 1H), 2.33 (d = 15 Hz, 1H), 1.82-1.71 (m, 1H), 1.31 (5 6.4 Hz, 3H)*C NMR
(50 MHz, CDC}) 6 138.2, 128.5, 128.0, 127.8, 97.3, 73.0, 72.3,,81%, 55.2, 31.5, 17.9.

4-Benzyloxy-6-methoxy-2-methyltetr ahydr opyr an-3-yl-acetate (26)*°Acetylation of 25 was
carried out using standard procedure &®y at 0 °C to rt) to obtai6 in quantitative yield. .
'H NMR (200 MHz, CDC}) § 7.37-7.29 (m, 5H), 4.73-4.65 (m, 3H), 4.58 Jd; 12.2 Hz, 1H),
4.41-4.27 (m, 1H), 3.96-3.90 (m, 1H), 3.41 (s, 3BR7-2.17 (m, 1H), 2.09 (s, 3H), 1.91-1.82
(m, 1H), 1.22 (dJ = 6.6 Hz, 3H);"*C NMR (50 MHz, CDC}) & 170.5, 138.6, 128.4, 127.8,
127.6,97.7, 74.0, 71.0, 70.8, 62.9, 55.5, 32.51,2117.6.

4-Hydr oxy-6-methoxy-2-methyltetr ahydr opyran-3-yl-acetate (27) To a solution of26 (2 g,
6.8 mmol) in DCM (20 mL) at - 90 °C, was added BB0.8 mL, 1 M in DCM, 40.8 mmol) and
stirred at for 10 min. After which MeOH (15 mL) amsaturated ag NaHGQ15 mL) were
added, extracted with DCM (15 x 3 mL) and work nusual manner. The reaction mixture was

purified by flash column chromatography (using 3&8®Ac/hexanes as eluent) to obt&n
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(1.36 g, 98%)) was prepared as a yellow semistHdMR (200 MHz, CDCJ, mixture of two
anomersp 4.72-4.67 (m), 4.52-4.41 (m), 4.14-3.85 (m), €0 3.31 (s), 2.04-1.61 (m), 1.14 (d,
J = 6.4 Hz, 3H);**C NMR (50 MHz, CDC}) § 170.5, 170.2, 98.9, 98.5, 75.2, 75.0, 67.3, 65.7,
65.6, 61.2, 56.5, 55.2, 37.4, 35.3, 21,1, 17.96.1ARMS (TOF MS ES+) found [M+H]
205.1081, GH;70s calcd 205.1076.

4-M ethanesulfonyloxy-6-methoxy-2-methyltetr ahydr opyran-3-yl-acetate (15) The
compoundl15 (1.7 g, 95%)was prepared as a yellow semisolid fr@#h (1.3 g, 6.4 mmol),
following the standard mesylation procedure usirggyhchloride (1.2 mL) in pyridine (20 mL).
'H NMR (200 MHz, CDC}4, mixture of two anomers) 5.14-5.10 (m), 5.06-5.01 (m), 4.70-4.65
(m), 4.56-4.46 (m), 4.21-4.10 (m), 3.98-3.84 (MA33(s), 3.29 (s), 2.99 (s), 2.24-1.79 (M), 1.20-
1.10 (m);l3C NMR (50 MHz, CDCJ) 6 170.2, 170.1, 98.4, 96.6, 76.1, 74.1, 72.2, 78797,
61.1, 56.6, 55.3, 38.9, 38.6, 36.6, 34.3, 20.98,177.3; HRMS (TOF MS ES+) found [M+H]
283.0844, GH190;S calcd 283.0852.

6-(2-Hydr oxy-naphthalen-1-yl)-4-methanesulfonyloxy-2-methyltetr ahydr opyran-3-yl-

acetate (28) To a stirred solution of 2-naphthdl9) (180 mg, 1.25 mmol) and hexopyranoside
15 (300 mg, 1.06 mmol) in methylene chloride (20 mlgrevadded TMSOTTf (50 pL, 2.7 mmol)
and AgCIQ (260 mg, 2.7 mmol) at 0 °C. The reaction mixtueeswgtirred at 0 °C for 30 min and
then the temperature was gradually increasedandtstirred for 1 h. The reaction was quenched
with triethyl amine (0.2 mL) and DCM was evaporatatter reduced pressure. The reaction
mixture was purified by flash column chromatogragbsing 20% EtOAc/hexanes as eluent) to
obtain28 (268 mg, 64%) as yellow semisolitH NMR (200 MHz, CDCY)  8.65 (s, 1H), 7.78-
7.64 (m, 3H), 7.48 (t} = 7.0 Hz, 1H), 7.32 (] = 7.2 Hz, 1H), 7.11 (d] = 8.8 Hz, 1H), 5.89 (dd,
J=10.6 Hz,J = 3.2 Hz, 1H), 5.29 (d] = 2.6 Hz, 1H), 4.83 (dd] = 10.2 Hz,J = 2.8 Hz, 1H),
4.34-4.20 (m, 2H), 3.15 (s, 3H), 2.43-2.25 (m, 27 (s, 3H), 1.39 (d] = 6.2 Hz, 3H);**C
NMR (50 MHz, CDC}) 6 170.2, 154.0, 130.8, 130.4, 129.2, 129.0, 12728,4,, 120.5, 120.0,
113.9, 76.1, 72.9, 72.3, 72.0, 38.9, 36.6, 21.82.1BRMS (TOF MS ES+) found [M+N&]
417.0994, @H»,0;SNa calcd 417.0984.

6-M ethoxy-3-methyl-1,2-dihydr onaphthalene (33) To a solution oB1 (5 g, 26.3 mmol) in dry
MeOH, was added sodium borohydride (1.12 g, 31.6Mat 0 °C in portion and stirred at rt
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for 12 h. The reaction was quenched by adding w@atenL) at 0 °C and MeOH was evaporated
under reduced pressure. Water (50 mL) was addedt aveis extracted with ethyl acetate (3 x
100 mL) and worked up in usual manner to obtainctiuele alcohoB1 (4.3 g, 85%). The crude
alcohol31 (4 g, 20.8 mmol) was dissolved in dry benzener(®(), p-toluenesulfonic acid (200
mg) was added and the reaction mixture was refldi@ed h using a Dean-Stark apparatus. The
reaction mixture was concentrated under reduceskpre, water (50 mL) was added, extracted
with EtOAc (3 x 100 mL) and work up in usual mannéhe crude product was purified by
column chromatography on silica gel (using 20% Et&xanes as eluent) to affad (2.6 g,
72%) as clear oifH NMR (200 MHz, CDCJ) § 7.06 (d,J = 8 Hz, 1H), 6.70 (dd] = 8 Hz,J =

2.6 Hz 1H), 6.62 (d) = 2.6 Hz, 1H), 6.25 (s, 1H), 3.84 (s, 3H), 2.82)(t 8 Hz, 2H), 2.29 (1)

= 8.2 Hz, 2H), 1.98 (s, 3Hj':3C NMR (50 MHz, CD(J) & 158.5, 139.2, 136.3, 128.0, 126.4,
123.0, 111.1, 111.0, 55.4, 29.4, 27.4, 23.7. HRWSF MS ES+) found [M+H] 175.1120,
Ci2H150 caled 175.1123.

2-M ethoxy-7-methylnaphthalene (34)** To a solution 083 (500 mg, 1.63 mmol) in dry DCM
(20 mL), DDQ (450 mg, 2 mmol) was added and thetrea mixture was stirred at rt for 30
min. The reaction mixture was passed through kdsimina column to obtain pure et (395
mg, 80%, pale yellow solid). mp 96 - 98 °tt NMR (200 MHz, CDCJ) & 8.03 (d,J = 9 Hz,
1H), 7.75 (d,J = 8.2 Hz, 1H), 7.49 (t) = 7 Hz, 1H), 7.37-7.29 (m, 3H), 4.03 (s, 3H), 2(80
3H); 13C NMR (50 MHz, CDCJ) 6 157.5, 135.0, 134.4, 128.2, 126.4, 126.9, 12228,7], 118.4,
106.6, 55.3, 19.5.

7-Methylnaphthalen-2-ol (27)*?® To a solution of31 (110 mg, 0.64 mmol) in DCM (10 mL) at
0 °C, was added BB(1.3 mL, 1 M in DCM, 1.3 mmol) and stirred at arfl2 h. The reaction
mixture was cooled to 0 °C and quenched with aq Gla}i extracted with DCM (15 x 3 mL)
and work up in usual manner. The reaction mixturas wpurified by flash column
chromatography (using 10% EtOAc/hexanes as eluerdptain27 (91 mg, 90%) was prepared
as a yellow semisolidH NMR (200 MHz, CDC}) 5 7.73-7.69 (m, 2H), 7.44 (s, 1H), 7.21 {d,
= 6.4 Hz, 1H), 7.11-7.07 (m, 2H), 5.36 (s, 1H),12(5, 3H);**C NMR (50 MHz, CDCJ) §
153.4, 136.4, 135.0, 129.8, 127.7, 127.4, 126.%,7417.0, 109.3, 21.9.
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5-Ox0-5,6,7,8-tetr ahydr onaphthalen-2-yl-acetate (37)**° A solution 0f36 (900 mg, 4.4 mmol)

in dry pyridine (20 mL) at 0 °C, was added acetntnalride (0.63 mL, 6.6 mmol) and the
reaction mixture was stirred at rt for 12 h. Thacteon mixture was cooled to 0 °C, quenched by
adding water, extracted with ethyl acetate (3 >xQ. The organic part was washed with dil aq
CuSQ and work up using usual manner to obtaih(1.08 g, 96%) as yellow semisolid’H
NMR (200 MHz, CDC}) § 8.02 (ddJ = 8.2 Hz,J = 2 Hz, 1H), 7.00-6.86 (m, 2H), 2.91 Jt= 6

Hz, 2H), 2.60 (tJ = 6 Hz, 2H), 2.26 (s, 3H), 2.15-2.02 (m, 2K} NMR (50 MHz, CDC}) &
197.2, 168.9, 154.4, 146.4, 130.4, 129.1, 121.6,2138.9, 29.8, 23.1, 21.1.

5-M ethoxynaphthalen-2-yl-acetate (38) To a solution of37 (1.0 g, 4.9 mmol) in dry C¢[(40
mL), were added NBS (850 mg, 4.75 mmol) and AIBN ¢hg) and refluxed for 4 h in the
presence of 200 W electric bulb. The reaction m&twas cooled to 0 °C, filtered through
regular filter paper and the filtrate was evapatateder reduced pressure to obtain the crude
naphthol. The crude naphthol was dissolved in detane (30 mL), were added DBU (0.9 mL, 6
mmol) and Mel (0.6 mL, 10 mmol) and stirred atat 12 h. Acetone was evaporated under
reduced pressure, extracted with ethyl acetate5@ mL) and work up in usual manner to obtain
the crude38. The crude product was purified by column chrorgedphy on silica gel (using
20% EtOAc/hexanes as eluent) to aff8&I(790 mg, 75%) as yellow semisolidH NMR (200
MHz, CDCk) & 8.14 (d,J = 9 Hz, 1H), 7.36 (s, 1H), 7.25 (d= 4.4 Hz, 2H), 7.07 (dd] = 8.6
Hz, J = 1.2 Hz, 1H), 6.58 (t) = 4.4 Hz, 1H), 3.77 (s, 3H), 2.15 (s, 3H}c NMR (50 MHz,
CDCl) 6 169.6, 155.6, 149.1, 135.11, 127.0, 123.9, 1226,2, 119.9, 118.2, 103.7, 55.5, 21.2.
HRMS (TOF MS ES+) found [M+H]217.0858, GH1305 calcd 217.0865.

5-M ethoxynaphthalen-2-ol (35) To a solution of38 (864 mg, 4 mmol) in methanol (20 mL),
was added NaOMe (20 mg) and the reaction mixture stiared at rt for 1 h. The reaction was
guenched by adding amberlyst-15, filtered througgutar filter paper and concentrated under
reduced pressure. The crude product was purifiecblymn chromatography on silica gel (using
10% EtOAc/hexanes as eluent) to aff@&(690 mg, 99%) as pale yellow semisoftth NMR
(200 MHz, CDC}) 6 8.03 (d,J = 9.8 Hz, 1H), 7.22-7.06 (m, 2H), 6.96-6.91 (m,) 26151 (dJ =

7.4 Hz, 1H), 3.81 (s, 3H)1,3C NMR (50 MHz, CDCJ) 6 155.8, 154.2, 136.1, 126.9, 124.3, 121.0,
119.1, 117.0, 109.6, 102.1, 55.6; HRMS (TOF MS Efstind [M+Na] 197.0570, ¢H10O-Na
calcd 197.0578.
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4-Azido-6-(2-hydr oxy-5-methoxy-naphthalen-1-yl)-2-methyltetr ahydr opyran-3-yl-acetate

(39) To a stirred solution of naphth8b6 (100 mg, 0.57 mmol) and azido aceta8(300 mg,
1.15 mmol)) and 4A molecular sieves in methylene chloride (40 mL)sveaided tin (1V)
chloride (3.5 mL, 1 M in DCM, 3.5 mmol) at - 78 °The reaction mixture was stirred at - 78 °C
for 10 min and then the temperature was graduatiyeiased to - 35 °C and kept overnight. The
reaction was quenched with saturated sodium sulat the mixture was extracted with
methylene chloride. The organic phase was driedcandentrated and purified by flash column
chromatography (using 20% EtOAc/hexanes as eluentbtain39 (43 mg, 20%) as yellow
semisolid. §]*° = + 56.4 ¢ 0.5, CHC}); *H NMR (400 MHz, CDGJ) § 8.72 (s, 1H), 8.16 (d]

= 9.2 Hz, 1H), 7.39 () = 8.4 Hz, 1H), 7.24 (d] = 8.4 Hz, 1H), 7.06 (d] = 9.2 Hz, 1H), 6.69
(d,J =7.6 Hz, 1H), 5.72 (dd] = 6.8 Hz, 1H), 4.90 (dd] = 9.6 Hz,J = 3.2 Hz, 1H), 4.31-4.22
(m, 2H), 3.97 (s, 3H), 2.21-2.15 (m, 5H), 1.36J¢ 6.4 Hz, 3H)*C NMR (50 MHz, CDC}) §
170.3, 156.5, 154.6, 132.3, 127.5, 124.2, 120.8,911114.2, 113.4, 101.9, 74.9, 73.6, 72.1, 58.7,
55.8, 35.8, 20.9, 18.3; HRMS (TOF MS ES+) found N&F 394.1370, @H21:0sNNa calcd
394.1379.

2-Fluoro-7-methoxy-1,2,3,4-tetr ahydronaphthalen-1-yl-acetate (42) The compoundi2 (585
mg, 80%)was prepared as a white semisolid frédt(600 mg, 3 mmol), following the procedure
for the preparation of compour8 from 31 using NaBH (130 mg, 3.6 mmol) followed by
acetylation using acetic anhydride (0.43 mL, 4.5afrand pyridine (10 mL)*H NMR (200
MHz, CDCk, mixture of four isomersy 7.07-7.05 (m, 1H), 6.86-6.75 (m, 2H), 6.16-6.08 (m
1H), 5.07-4.79 (m, 1H), 3-68 (s, 3H), 3.05-2.75 @H), 2.39-1.95 (m, 5H)-*C NMR (50 MHz,
CDCl3, mixture of four isomersy 170.9, 158.4, 133.4, 133.3, 129.8, 129.7, 12818,7, 115.1,
113.9, 113.6, 91.0, 89.6, 87.8, 71.7, 71.5, 70919,655.56, 55.5, 26.3, 26.1, 25.6, 25.5, 25.0,
24.8, 24.7,24.6, 21.4% NMR ( 188 MHz, CDGQ, mixture of four isomersj - 198.1, - 202.6, -
203.6, - 204.0; HRMS (TOF MS ES+) found [M-HOAc+H179.0847, GH;,0OF calcd
179.0872.

2-Fluoro-7-methoxynaphthalene (43) The compoundi2 (500 mg, 2.6 mmol) was dissolved in
dry benzene (20 mL)p-toluenesulfonic acid (30 mg) was added and thetiga mixture was
refluxed for 2 h using a Dean-Stark apparatus. rBaetion mixture was concentrated under
reduced pressure, diluted with water (50 mL), estéd with EtOAc (3 x 100 mL) and work up
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in usual manner. The crude product was dissolveld@M (20 mL), DDQ (450 mg, 2 mmol)
was added and the reaction mixture was stirretifat 80 min. The reaction mixture was passed
through basic alumina column to obtain pd8x(147 mg, 40%) as a brown solid. m.p. 126 °C;
'"H NMR (400 MHz, CDCYJ) & 7.75-7.71 (m, 2H), 7.35 (d, = 10 Hz, 1H), 7.13-7.07 (m, 2H),
3.92 (s, 3H);**C NMR (100 MHz, CDGJ) & 161.5 (dJc.r= 243.8 Hz), 158.7, 135.8 (dec.r =

9.8 Hz), 130.2 (dJc.r= 9.6 Hz), 129.6, 126.1, 118.1 @.r= 2.8 Hz), 113.8 (dJcr= 25 Hz),
110.2 (d,Jcr = 21 HZz), 105.5 (dJcr = 5 Hz). 55.5; HRMS (TOF MS ES+) found [2M-H]
351.1181, GH;170,F, calcd 351.1197.

7-Fluoronaphthalen-2-ol (40) The compound0 (125 mg, 85%) was prepared as a yellow
semisolid from43 (160 mg, 0.91 mmol), following the procedure fore tbreparation of
compound30 from 34 using BBg (2.0 mL, 1 M in DCM, 2.0 mmol) in DCM (10 mLjH NMR
(200 MHz, CDC}) 6 7.75-7.71 (m, 2H), 7.28-7.25 (m, 1H), 7.15-7.08 @H), 6.02 (s, 1H)*C
NMR (50 MHz, CDC}) & 161.5 (dJc.r= 244 Hz), 154.2, 135.7 (de.r= 9.5 Hz), 130.3 (dJc.r
=10 Hz), 130.1, 126.1, 117.1 @@= 2.5 Hz), 114.0 (dJc.r= 25.5 Hz), 109.9, 109.4 (d¢.r=

9 Hz); *F NMR ( 188 MHz, CDGJ) § - 115.2; HRMS (TOF MS ES+) found [M+H]L63.0560,
C10HsOF calcd 163.0559.

4-(R)-Azido-6-(7-fluor o-2-hydr oxynaphthal en-1-yl)-2-methyltetr ahydr opyr an-3-yl-
methylester (45a) The compound5a (54 mg, 30%) was prepared as a yellow semisolichfro
the reaction o#0 (81 mg, 0.5 mmol) witll3 (250 mg, 1.0 mmol) following the procedure for
the preparation of compourd® from 35 using SnCJ (1.7 mL, 1 M in DCM, 1.7 mmol) in DCM
(10 mL). [1]* = + 62.6 € 0.5, CHC}); IR (KBr, cm') 3367, 2099, 1744, 1630, 1220, 1048,
772;'H NMR (400 MHz, CDCY) § 8.60 (s, 1H), 7.75 (dd, = 8.8 Hz,Ju.r= 6 Hz, 1H), 7.69 (d,
J=8.8 Hz, 1H), 7.24 (d] = 10 Hz, 1H), 7.13-7.05 (m, 2H), 5.36 (dbts 11.6 Hz,J = 1.6 Hz,
1H), 4.90 (tJ = 9.6 Hz, 1H), 3.86-3.73 (m, 2H), 2.41-2.36 (m,),1R120 (s, 3H), 2.10-2.00 (m,
1H), 1.37 (dJ = 6.4 Hz, 3H);*C NMR (100 MHz, CDG) § 170.2, 162.0 (dJc.e= 244 Hz),
154.9, 131.89 (dJcr= 9 Hz), 131.6 (dJc.r= 9.8 Hz), 130.4, 125.9, 119.4 @@= 2.6 Hz),
113.7 (dJc.,= 5.5 Hz), 113.3 (djc.r= 24.8 Hz), 77.6, 76.7, 76.4, 75.1, 61.0, 35.980218.1;
¥ NMR (376 MHz, CDGJ) & - 113.5; HRMS (TOF MS ES+) found [M+Na382.1183,
Ci8H18FN3O4Na calcd 382.1179.
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4-(S)-Azido-6-(7-fluor o-2-hydr oxynaphthalen-1-yl)-2-methyltetr anydr opyran-3-yl-
methylester (45b) The compoundi5b (18 mg, 10%) was obtained along witha as a yellow
semisolid. §]*%5 = + 98.4 € 0.5, CHC}); IR (KBr, cm?) 3353, 217, 1744, 1629, 1220, 1050,
772;*H NMR (400 MHz, CDCY) § 8.76 (s, 1H), 7.73 (dd), = 8.8 Hz,Ju.r= 6 Hz, 1H), 7.66 (d,
J = 9.2 Hz, 1H), 7.28 (d] = 12 Hz, 1H), 7.11-7.03 (m, 2H), 5,58 (db= 10.4 Hz,J = 3.6 Hz,
1H), 4.91 (ddJ = 10 Hz,J = 3.2 Hz, 1H), 4.31-4.23 (m, 2H), 2.20-2.16 (m,)5H37 (d,J = 6.4
Hz, 3H);*C NMR (100 MHz, CDGJ) § 170.3, 161.9 (dJc.r= 243.9 Hz), 155.0, 132.1 (d£=
8.8 Hz), 131.5 (dJc.r= 9.6 Hz), 130.2, 125.9, 119.3, 114.0J¢lr= 5.2 Hz), 113.3 (dJc.r= 25
Hz), 105.1 (dJcr= 22.6 Hz), 74.8, 73.3, 72.2, 58.5, 35.7, 20.9318F NMR (376 MHz,
CDCl) & - 113.3; HRMS (TOF MS ES+) found [M+NaB82.1188, GH:sFNsOsNa calcd
382.1179.

4-(S)-Azido-6-(2-hydr oxy-6-methyl-naphthalen-1-yl)-2-methyltetrahydr opyr an-3-yl-
methylester (47a)

The compound7a (28 mg, 35%) was prepared as a yellow semisolich fitee reaction o46 (36
mg, 0.23 mmol) withl3 (100 mg, 0.39 mmol) following the procedure for {heparation of
compound39 from 35 using SnCJ (1.3 mL, 1 M in DCM, 1.3 mmol) in DCM (10 mL)o]* =

+ 60.4 € 0.5, CHC}); IR (KBr, Cm'l) 3369, 2098, 1744, 1606, 1375, 1227, 1046, 918; ‘4
NMR (600 MHz, CDC}) 6 8.47 (s, 1H), 7.65 (dl = 9 Hz, 1H), 7.57 (s, 1H), 7.55 (@~ 9 Hz,
1H), 7.34 (dJ = 8.4 Hz, 1H), 7.13 (d] = 9 Hz, 1H), 5.52 (dJ = 11.4 Hz, 1H), 4.91 (1= 9.6
Hz, 1H), 3.86-3.77 (m, 2H), 2.49 (s, 3H), 2.44-2(41, 1H), 2.21 (s, 3H), 2.19-2.06 (m, 1H),
1.39 (d,J = 6 Hz, 3H);**C NMR (150 MHz, CDGJ) § 170, 153, 132.6, 129.6, 129.1, 129.0,
128.7, 128.2, 120.2, 119.9, 113.7, 76.5, 76.161535.9, 21.1, 20.9, 18. HRMS (TOF MS ES+)
found [M+Na] 378.1431, GH.,:N304Na calcd 378.1430.

4-(R)-Azido-6-(2-hydr oxy-6-methyl-naphthalen-1-yl)-2-methyltetr ahydr opyr an-3-yl-
methylester (47b, major) and(3S,4R,6S)-4-azido-6-(2-hydr oxy-6-methylnaphthalen-1-yl)-2-
methyltetr ahydro-2H-pyran-3-yl acetate (47c, minor)

47b + 47c (29 mg) were obtained along wit#Va as yellow semisolid. IR (KBr, crf) 3356,
2116, 1743, 1376, 1227, 1051, 813, 744NMR (600 MHz, CDCJ) & 8.63 (s, major), 8.59 (s,
minor), 7.64 - 7.55 (m), 7.34 (d,= 8.4 Hz), 7.09 - 7.07 (m), 5.92 (d#i= 10.8 Hz,J = 4.8 Hz,
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minor), 5.75 (ddJ = 10.2 Hz,J = 3 Hz, major), 5.30 (d] = 3 Hz, minor), 4.92 (dd] = 10.2 Hz,

J = 3.6 Hz, major), 4.40 (d, = 3.6 Hz, minor), 4.39 (s, major), 4.38 - 4.27 (ngjor), 4.05-4.04
(m, minor), 2.48 (s), 2.23 - 2.18 (m), 1.45 J& 6.6 Hz, minor), 1.39 (dl = 6.6 Hz, major)*C
NMR (150 MHz, CDC4) 6 170.4, 170.0, 153.2, 153.0, 132.53, 132.5, 12929.3, 129.1,
129.08, 128.9, 128.8, 128.0, 120.6, 120.5, 119.8,8, 114.0, 112.3, 96.1, 87.1, 79.2, 74.6, 73.0,
71.8, 69.3, 61.4, 58.4, 39.5, 35.6, 21.2, 21.17,208.1, 16.5. HRMS (TOF MS ES+) found
[M+Na]* 378.1432, GH21N304Na calcd 378.1430.

Supplementary data
Copies of*H and**C NMR spectra of all new compounds associated thitharticle.
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'H NMR (200 MHz, CDCl5) and *C NMR (50 MHz, CDCl5)

5-M ethoxy-7-methylnaphthalen-2-ol (6)
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1. *H and **C NMR spectra of selected compounds
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6-Acetoxy-4-(tert-butoxycar bonyl-methyl-amino)-2-methyltetr ahydr opyr an-3-yl-acetate

(14)
'H NMR (400 MHz, CDCl3) and *C NMR (100 MHz, CDCl5)
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8-(Benzyloxy)-6-methoxy-2-phenylhexahydr opyrano[3,2-d][1,3]dioxine (22)

'H NMR (200 MHz, CDCl3) and *C NMR (50 MHz, CDCl5)
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4-Benzyloxy-6-methoxy-2-methyltetr ahydr opyr an-3-yl-acetate (26)

'H NMR (200 MHz, CDCl3) and *C NMR (50 MHz, CDCl5)
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4-Hydr oxy-6-methoxy-2-methyltetr ahydropyr an-3-yl-acetate (27)

'H NMR (200 MHz, CDCl3) and *C NMR (50 MHz, CDCl5)
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4-M ethanesulfonyloxy-6-methoxy-2-methyltetr ahydr opyran-3-yl-acetate (15)

'H NMR (200 MHz, CDCl3) and *C NMR (50 MHz, CDCl5)
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6-(2-Hydr oxy-naphthalen-1-yl)-4-methanesul fonyloxy-2-methyltetr ahydr opyran-3-

yl-lacetate (28)
'H NMR (200 MHz, CDCl3) and **C NMR (50 MHz, CDCl5)
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6-M ethoxy-3-methyl-1,2-dihydr onaphthalene (33)
'H NMR (200 MHz, CDCl3) and **C NMR (50 MHz, CDCl5)
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'H NMR (200 MHz, CDCl3) and **C NMR (50 MHz, CDCl3)

7-Methylnaphthalen-2-ol (30)
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'H NMR (200 MHz, CDCl3) and *C NMR (50 MHz, CDCl5)

5-M ethoxy-naphthalen-2-yl-acetate (38)
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5-M ethoxynaphthalen-2-ol (35)

'H NMR (200 MHz, CDCl5) and **C NMR (50 MHz, CDCl5)
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4-Azido-6-(2-hydr oxy-5-methoxy-naphthalen-1-yl)-2-methyltetr anydr opyran-3-yl-

acetate (39)
'H NMR (200 MHz, CDCl3) and **C NMR (50 MHz, CDCl5)
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2-Fluoro-7-methoxy-1,2,3,4-tetr ahydronaphthalen-1-yl-acetate (42)

'H NMR (400 MHz, CDCl3) and *C NMR (100 MHz, CDCls)
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'H NMR (200 MHz, CDCl3) and **C NMR (50 MHz, CDCl5)

2-Fluoro-7-methoxynaphthalene (43)
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7-Fluor onaphthalen-2-ol (40)

'H NMR (400 MHz, CDCl5) and *C NMR (50 MHz, CDCl5)
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4-Azido-6-(7-fluor o-2-hydroxy-naphthalen-1-yl)-2-methyltetr ahydr opyr an-3-yl-

methylester (45a)
'H NMR (400 MHz, CDCl3) and *C NMR (100 MHz, CDCl3)
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4-Azido-6-(7-fluor o-2-hydr oxy-naphthalen-1-yl)-2-methyltetr ahydr opyran-3-yl-

methylester (45b)
'H NMR (400 MHz, CDCl3) and *C NMR (100 MHz, CDCls)

96T~
€T/
14%4
9T°¢C
91°¢C
JAN4
JAN4
81°¢C
61°C
0et
STy
a4
(v
8¢y
6CY
6C'Y
€y
15524
68'%
om.v/
wr—
L8'S
89S
6S5°G
03
90°L
90°L
80°L
602

9C'L
9C'L
6C'L
99,
89°L V

1LL
€LL
€LL
SLL

9.8 —

(59~
85'S—
65'S~
09'S—

5.62 5.60 558 5.56 5.54 552 5.50 5.48 5.46 5.44 5.42

8oL
89/~
0L

KNM
€Ll \
IYAAN
SLL~

v,

0€'8T ~
18°0C—

€LGE—

€585 —

0ceL
8CEL /
08'%L
96'9L \

7.78 7.76 7.74 7.72 7.70 7.68 7.66 7]4 7.62 7.60 7.58 7.56

|

OPPP
w¢.R \
09°LL

96407
o1
8r-e01
bherT
0617~
07611~

68°2T
s
0r1ET
6y 1ET
10°2€1
60°2ET

10°65T
12097~
SRTIN

PC0LT —

18

I A




4-(S)-Azido-6-(2-hydr oxy-6-methyl-naphthalen-1-yl)-2-methyltetr ahydr opyran-3-yl-
methylester (47a)

'H NMR (600 MHz, CDCl3) and **C NMR (150 MHz, CDCl5)

—8.467

¥J T I e 1 e
g EREE H [

T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

ERTEEY T

-

T T T
3.5 3.0 25 2.0 1.5 1.0 0.5

ppm
ES & NRYEZ8ZKER N = o wn o = 00 O
o ol IOl Ol O 08D SN € .00 N G Gh * @ A = 0 O
= - aaaoooo=Ds TREREE 3 a & S8=
| { | :

T T T T T T T T T T T T T T T T T T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

19



4-(R)-Azido-6-(2-hydr oxy-6-methyl-naphthalen-1-yl)-2-methyltetr ahydr opyr an-3-yl-
methylester (47b, major) and (3S5,4R,6S)-4-azido-6-(2-hydr oxy-6-methylnaphthalen-1-yl)-2-
methyltetr ahydro-2H-pyran-3-yl acetate (47c, minor)

'H NMR (600 MHz, CDCl3) and **c NMR (150 MHz, CDCls)
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