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ABSTRACT:

Pyranic hemiaminal synthons are present in natarad unnatural products with
biological activity. Here a synthetic pathway teepare this type of intermediates is
presented. The methodology is based on three nies:sa) The [4+3] cycloaddition
reaction of am,o’-dihaloketone and a conveniently protected 2-aruirem diene. b)
Chemical modification of the resulting oxabicycliycloadduct and orthogonal
protection of organic functions, and c) Reductizerwlysis of the C6-C7 double bond
of the modified cycloadduct to afford a pentasustgd polyfunctionalized pyranic
hemiaminal ester with up to 94% yield. When workimigh 2,4-dibromo-3-pentanone
and 2tert-butoxycarbonylaminofuran as starting materialg ©32-C38 subunit of

immunosuppressant sanglifehrin A was obtained exitellent yield.
Keywords: [4+3]-Cycloaddition, oxyallyl cation, pyran, hemianal, ozonolysis.
1. Introduction

The immunosuppressant agents such as FK506, cyeinepA and sanglifehrin A
(Figure 1) have afforded an important therapewm to make successful organ and
bone marrow transplantation and to understand th@eaular basis of signal
transduction pathways at the cell leVelhe first two compounds, even though they
have very different structures, form two differefrig-protein complexes that inhibit
the phosphatase activity of the intracellular sligamolecule calcineurifblocking T-
cell activation and preventing host rejection oénsplants. The importance of
sanglifehrin A is due to its action mechanism beeait interferes with signaling

molecules other than calcineurin and binds to @l inhibiting both T-cell and B-
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cell proliferation® Thus, sanglifehrin A, like cyclosporine A, exertits
immunosuppressive action by binding to cyclophiin but at a different site from
cyclosporine A, and unlike the latter, sanglifeh#n does not inhibit calcineurin
activity. Moreover, interesting applications of ghfehrin family of natural products is
been studied for the treatment of hepatitis C yiwith promising results.

The biological relevance of this molecule has prafd important synthetic
efforts to afford synthetic methodologies that makeailable derivatives with high

molecular diversity in order to carry out structamivity relationships.
OH

Figure 1. Structure of sanglifehrin A.

In this paper, we present our contribution to thegnthetic objective, the
diastereoselective preparation of pyranic hemiahggathons, present in natural and
unnatural products with biological activity, in gaular in sanglifehrin A molecule. Our
synthetic methodology to prepare this type of mtediates is based on three key steps
(Scheme 1): a) The [4+3] cycloaddition reactioranfoxyallyl cation, generated situ
from an o,0’-dihaloketone, and a conveniently protected 2-afuran diene. b)
Chemical modification of the resulting oxabicyclicycloadduct and orthogonal
protection of organic functions, and c) Reductizermlysis of the C6-C7 double bond
of the modified cycloadduct to afford a pentasust#d polyfunctionalized pyranic
hemiaminal with five stereocenters. In the preseork we used 2,4-dibromo-3-
pentanone and ®rt-butoxycarbonylaminofuran as starting materialafford the C32-

C38 subunit of immunosuppressant Sanglifehrin Awicellent yield.
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Scheme 1(a) Generation of oxyallyl catiot’. (b) [4+3] cycloaddition.(c) Reduction of the carbonyl

group on C3(d) Reductive ozonolysis.

This methodology is very versatile because: a) Malfferent haloketones and
heterosubstituted precursors of oxyallyl cations/rha used. b) 2-Aminofurans with
different degree of substitution and/or functioration on C3, C4 or C5 may be used as
dienes. c) Diene and dienophile are easily availéiom the synthetic point of view. d)
The oxabicyclic cycloadduct could be transformedeny different ways in order to get
molecular diversity. e) The ozonolysis step affords the reductive version, a 2-
aminopyran synthon with 2,6-bis(hydroxymethyl) dithents that can be used to
connect it to other subunits in a total synthetiocpss. Moreover, ozonolysis could be
also performed under oxidative conditions, operiing way to formyl, carboxyl or

epoxide connecting terminal functions.
2. Results and discussion

2.1. [4+3]-Cycloaddition reaction

The oxabicyclic structures tert-butoxycarbonylamino-8-oxabicyclo[3.2.1]oct-6-en-3-
ones3a-cwere prepared by a [4+3]-cycloaddition reactibatween a furan derivative,

functionalized at C-2 by a protected amino gro@p,and an oxyallyl cationl’,
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generatedn situ from 2,4-dibromo-3-pentanonk in the presence of HE€O) as a
reducing agent (Scheme 2Yhis [4C(4r) + 3C(2v)] cycloaddition reaction has been
widely studied and optimized by land other authorsand it has been demonstrated to
be an straightforward and scalable method to affovwdde variety of versatile bicyclic

intermediates with the formation of four chiralrsecenters in only one st&p.

N Q/NHBOC Fea(CO)
\ ACNanh NHBoc © NHBoc © NHBoc NHBoc

76%

32:3b:3¢:3d=55:40:5:0

Scheme 2.Synthesis of 8-oxabicyclo[3.2.1]oct-6-en-3-oneabfyi+3] cycloaddition reaction.

Oxyallyl cation1’ (Scheme 1) was generate&dsitu during the cycloaddition
reaction by reduction of 2,4-dibromo-3-pentanonth\#ie(CO). This haloketone was
easily obtained by bromination of the correspondBwgentanone, following well
described procedurés.

The non-commercial 2-(NHBoc)-fura?) precursor of cycloadduc®a, 3b and
3c, was obtained following the procedure described Lyynch!? This procedure
involves a one-pot reaction between the 2-furoybritie, sodium azide and an excess
of tert-butyl alcohol. The reaction takes place by a Q@artrearrangement of the
intermediate 2-furoyl azide to obtain, in 82% vyielthe desired 2-aminofurag.
(Scheme 3).
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Scheme 3Formation of theert-butyl N-(2-furoyl)-carbamate.

Oxabicyclic ketonesa-c, were separated by flash column chromatography and
their stereochemistry was unequivocally establismedMR correlation studié$ and

confirmed by X-ray diffraction analysis. A certaitegree of diastereoselectivity was



observed in the cycloaddition reaction, with forioatof cycloadduct8a and 3b as
major products and a small amount of sterecis@@ne€Compound3d was not detected
even by GC/MS studies of the reaction crude mixtiiiee low or no formation o3c
and 3d, respectively, having aS8 configuration on C2 (with Me-C2 and NHBoc in
close proximity), is due to the high steric hindrarexerted by NHBoc group, which
avoids the approach of the methyl group from thgatiyl cation in its E, Z)
configuration’ along the cycloaddition process. However, the tdi@sisomeric ratio
may be modified by using more electrophilic oxyhttation$ or taking advantage of

the coordinating effects of the cationic counterdmhe oxyallyl species.
2.2. Stereosel ective reduction of the carbonyl group on C3

In the present work, the reduction of the ketoreugron C6 was approached by using
different reducing agents and different reactiondiions in order to synthesize the
alcohols with high diastereoselectivity and in highld. To exemplify this optimization
study, the assays carried out wh are quoted in Table 1. In addition, bibliographic
references are included in the table, illustratipgecedents of the synthetic
methodologies used in the present work for theedsfiit reduction procedures. These
reduction methodologies were evaluated for eachstmate and, for preparative
purposes, the most successful or adequate oneelestes! for each substrate (Scheme
4).

Thus, reduction oBawas performed with DIBAL-H in anhydrous THF at -%8,
obtaining the alcohoflain 90% yield and 5:9®ndo /exadiastereoisomeric ratio. The
use of sodium metal in liquid NHmay afford also the alcohala, but with the
diastereoselectivitgndo / exp0:100. On the other han8h was reduced by NaBHn
anhydrous methanol at 0 °C obtaining the alcahwin 99 % yield and 99:&ndo/exo
diastereoisomeric ratio (Scheme 4). Finally, ketBoewas reduced under these last
conditions affording alcoho#c, (exg in 82% vyield and in a stereospecific manner
(diastereoselectivitgndo/exo0:100). In all cases, the diastereoisomeric atotvere
efficiently separated by flash column chromatogyaphd pure samples were physically

and spectroscopically characterized.



Table 1.Reduction methodologies evaluated in this workkitone3a.

DAS* _ .
. T t, c? YP Bibliographic
Entry Reducing agent Solvent (°C) (hy | (%) | (%) endo/ exo Reference
(43, / 4ay)
1 NaBH, MeOH 0 2 100 95 30/70 8-80
2 Na(AcOxBH MeOH 0 48 0 0 - 15
Li(*Bu)sBH
3 (L-Selectride®) THF -78t0 25| 2 100 0 - 16
4 N&’ NHs(I) -33 0.5 100 99 0/100 17
5 LiAIH 4 THF -78 1 100 99 67 /33 8l-80
Li(‘BuO)AIH
6 (TTBAL-H) THF 25 7.5 78 65 49 /51 18
Li('Bu),AlH )
7 (DIBAL-H) CH,CI, 24 to 25 4 100 80 50/50 19
Li('Bu),AlH
8 (DIBAL-H) CHJCI, -78 4 100 82 78122 19
Li('Bu)AlH
9 (DIBAL-H) THF -78 1.5 100 90 5/95 20
(MeO-CH,CH,0)AIH, ]
10 (Red-Al®) Toluene 25 15 100 0 21
11 Smb THF 25 5 100 0 - 22
12 HSnBw/ AIBN MeOH AReflux 5 0 0 - 23
13 HSnBw/ AIBN Tolueno AReflux 20 100 0 - 22
14 HSnBw/ Si0, CH,Cl, 25 24 0 0 - 24

3 Conversion of starting materidlYield on isolated product.Diastereoselectivitgndo / exo.
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Scheme 4Reduction of the ketone group in cycloaddBzsc

The results quoted in Scheme 4 confirm the appradde hydride H ion,
predicted for the reaction as described in Figuré/Ben the methyl substituents on C2
and C4 positions are inas-exoconfiguration 8c), the hydride attack took place by the
most accessible fac&i(face) of the carbonyl group, giving excellent tkasoisomeric
ratios. When methyl groups adoptia-endoconfiguration 8b), the attack of hydride
takes place by thReface. However, when methyl groups are itrams configuration
(3a), the results indicate that the more hindered fadbeReface flanked by the axial
methyl group on C4 and the NHBoc subunit. This ¢ethe hydride attack preferentially
by theSiface of the ketone and affords a diastereoisomatic slightly lower, 5 : 95.
Thus, we may conclude that the stereoselectivityenked in the reduction of the
carbonyl group is conditioned by the configuratiminthe substituents at C2 and C4
positions of the cycloadduct at the minimum enecgyformation of the oxan-4-one

ring (Figure 2). Thus, methyl groups in axial pmsitfor a chair-like conformation of
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the oxan-4-one ring act as umbrellas that bloclatteeck of hydride ions by tHeeface

of carbonyl group (Figure 2).

Half-chair-like conformation

steric hindrance

0%

100%
> 99%
CH; OH
“on
3b S 4P N 1%
Steric nindrance CH3
Chair-like conformation CH,

steric hindrance

G - 5%
axial DIBAL-H
P
Re face
OH
95%
. Si face
equatorial
3a

Figure 2. Diastereoselectivity observed in the reductionasbonyl group in substrat@s, 3band3c, at

their minimum energy conformation.
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Scheme 5Proposed mechanism for the reduction of ke@aeith Na INH.2®

The use of sodium metal in liquid ammdifdafforded a rapid and clean reduction
of the carbonyl group oBa in a quantitative yield and total diastereosékyt
obtaining only the exo diastereoisomer4a, which is, in addition, the

thermodynamically more stable (Scheme' &)?

It is worthwhile to mention that a changeesfdo / exaliastereoselectivity was
observed when changing the nature of solvent frdfGL (non-chelating) to THF
with capability to co-ordinate the Al atom in thase of using DIBAL-H as reducing
agent. These co-ordination effects may modify émergy of the transition states

leading to productda; and4a,.



In order to determine the relative configurationtbé& reduction products, a
NMR correlation method was used. This method isetbasn: a) A complete and
unequivocal assignment of signals fréithand'*C NMR spectra, by performing DEPT,
selective irradiation and 2D COSY and HSQC expenisieb) The careful analysis of
'H and **C NMR data and the use of 2D-NOESY experiments uféig3). c) The
correlation of the shielding or deshielding effeexerted by the hydroxyl group on C3”
depending on the configuration of the substituemt<C1”, C2” and C4” (see Table 2),
and c) By use of the Karplus equation, on the bafstee coupling constants, to find a
consistency between the dihedral angles betweemaVvidhiydrogen atoms, at the
minimum energy conformation, for a certain relatbanfiguration. Next, we exemplify

this methodology of assignment of relative stereoaistry, applied to epimers; and

4.

Thus, on Table 2 and attached bars chart it isilplesso appreciate the
differences observed between thé NMR spectral data of diastereoisomdes and
4a. The most significant differences between the twonpounds are observed for
hydrogen atoms H2”, H6"” and H7”, which appear mcshielded in compountk, due
to the particular spatial orientation of the hydrogroup. The olefinic protons H6” and
H7"are deshielded by electric field efféttdue the proximity of the axial hydroxyl
group in compoundta;, effect that is not possible for compou#a (Figure 3). The
presence of H2” at lower field iy is consistent with the axial disposition of the OH
group, which deshields vicinal axittans hydrogens between 0.25 and 0.30 Fprm
both 4a, and4a, H9” appears at higher field than H10” becausewad toncomitant
effects: axial H10” is deshielded by an electraldieffect exerted by the oxygen bridge
(1,3-dipolar interaction) and, simultaneously, H®shielded by the anisotropy cone of
the C6"-C7” double bond.
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Table 2.Correlation ofH NMR spectral data of epimedsy and4a,.

3 (ppm)
Product
H2" H3" H4" H5" H6" H7" H9" | H10"
4 2341 355| 1.85] 465]| 6.40| 650 | 1.04| 1.21
4 1.75| 350 1.87 | 467 | 6.15] 6.22 | 1.03 | 1.14
Ad (4ay—4a) 0.59 ] 0.05| -0.02] -0.02| 0.25| 0.28 | 0.01 | 0.07
0.7
0.59
0.6
0.5
0.4
g. 0.28
2 03 0.25
w
S|
0.2
0.1 0.05 0.07
0.01
Y . || ||
H2" H3" H4" H5" He" H7" H9"  H10"
-0.02  -0.02
0.1
Proton
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Figure 3. Shielding, deshielding and NOE effects dependinghenconfiguration of the hydroxyl group
for reduction alcoholda, and4a,.

The NOE effects observed in alcodab , from NOESY experiments, are due to
the proximity in space of H3” ands89” and also of H3” and H4". On the other hand,
clear NOE effects were also observed in alcdlaglbetween H3” and ¥C10” and also
between H3” and H2". Both NOE effects are consistgth the assigned configuration
to C3".

If we compare the chemical shifts'3€ NMR spectra of alcohala, and4a, it
is possible to appreciate important difference® (fable 3 and bars chart attached).
Looking at Figure 4 it is possible to observe timatla, the olefinic carbons C6” and
C7" are shifted to a lower field by the axial hyklyb group, due to aj-effect,
interaction that is not possible 4@. In addition, the OH group exerty-aaucheeffect
on both methyl groups ifda, but only on C9” irday, producing an upfield shift due to
sterically induced polarization of C-H bonds. Camyrto a andf3 effects, which are
transmitted through the bondsgaucheinteraction works through the space. Previous
studies on this type of effeéfsshowed that non-bonding interactions between CH-CH
or CH-OC perturbed the charge density on the atémtis sense, that conformation in
which the distance between groups is lower or efséame order than the addition of the
Van der Waals radius, presents an induced polarizaffect due to steric hindrance
and it results in a deshielding of protons andnauianeous shielding of carbon atoms.
On the other hand, the higher differemgefor C10” is due to the concomitapttrans
effect exerted by the axial OH group on C10” 4 due to hyperconjugative

effectst®?°
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Table 3.Correlation of*C NMR spectral data afa, and4a.

o(ppm)
Product
crr |c2 | c3 | ca|cs | ce | e | co | cio
4ay 94.9| 39.9| 755 39.6 829 1391350| 124 | 17.6
4ap 049 | 41.2| 735 3446 829 1311331.0| 135/ 118
A (4er4a) | o |13 | 20| 50| o | 38| 40| 09| 58

7.0

6.0

5.8
5.0
5.0
4.0

4.0 38
3.0

2.0
2.0
1.0

0.0 0.0

0.0

c3" ca" cs5" ce" c7" . c10"

c1"
-1.0

-1.3

Ad (ppm)

-0.9

-2.0
Carbon
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Figure 4.8, y-gauche ang-trans effects inda, and4a,.

2.3. Reductive ozonolysis®

The other key step in the approach to the syntloddise final 2-aminopyran synthons
was the reductive ozonolysis of the reduction adt®l (Scheme 6§ The same
reaction conditions and solvent type were usedl iceaes’? The successive addition of
SMe, and NaBH as reducing agents, in a solvent system DCM / Meth&:1), gave
very good results, affording always the desiredlfiproducts with good to excellent
yields. (Table 4). The use of two consecutive rety@agents lead the reaction to the
complete reduction of the ozonide intermediate thedobtention of two hydroxymethyl
side chains on the original positions C6” and C3¢Heme 6).
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‘CHO
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Scheme 6Mechanism of ozonolysis dfto obtain 2-aminopyrars*?

It is worth nothing that very high yields were dhtd with the use of SMeand
NaBH; and also a great functional group compatibilityswabserved. Thus, both

functional groups present on the substrates (OH\#hBoc) resulted unchanged.
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Table 4.Results from the reductive ozonolysis reactionutifstrates! for the obtention of THP final

productsb.
Yield® ¢
Entry Substrate Products
(%)
OH OH
1 . NHBoc¢ 88
NHBoc HO—" Mo”7 “—OH
43 S5
OH OH
s T v 75
NHBoc HO—" ~0~ “/—OH
43 Sap
OH OH
3 ' ‘ NHBoc¢ 70
NHBoc HO—"" >0~ "—OH
4b, 5b;
OH
4 4 NHBoc 73
HO—"" Y07 /—OH
4b, 5b,
OH OH
NHBoc HO— >0~ "—OH
4c, 56

#Reaction conditions used: 1);078 °C, 0.5 h. 2) SMe(2.3 eq.)~78 °C, 1 h. 3) NaBH (2.3 eq.), I.t.,

3 h.” Solvent system: C¥Cl,/ MeOH (4:1).CYieId on isolated product. In all cases, the cosiger of

the starting material was complete.

3. Conclusions

By the herein describe synthetic methodology ipassible to obtain 2-aminopyrans
with high stereochemical diversity and in good giebelecting the type of substitution

pattern and electrophilicity of the oxyallyl catiom the [4+3]-cycloaddition reaction,
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we may design the type of substituents in the flaaminopyran and also their relative
stereochemistry. The configuration of the alcoholG# of pyrans may be also selected
by using the adequate reduction methodology andicgaconditions. All stereoisomers
of precursors, intermediates and final productseassly separable by chromatography,
and pure samples of them were obtained and phisieald spectroscopically
characterized. Finally the objective of synthegizithe C32-C38 subunit of
immunosuppressant sanglifehrin A has been fulfidgdhe obtention of 2-aminopyran
5c,. Derivatives having formyl, hydroperoxy-hemiacstal epoxides at C2 and C6 of
pyran, instead of hydroxymethyl groups, may be iokth by oxidative epoxidation;
results from these studies will be published at doarse. These derivatives may
facilitate the connection of the 2-aminopyran spnhto other molecular subunits for

the total synthesis of complex natural products.
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6. Experimental section

6.1. General procedures

NMR spectra were recorded on a Varian Inova 20806 MHz, on a Varian Mercury
400 MHz and/or in a Bruker DMX 500 MHz apparatushe@ical shifts §) are

17



expressed in ppnversustetramethylsilane as an internal standard. IR tspewcere
recorded on a NICOLET 6700 FT-IR by film, KBr peller ATR (Attenuated Total
Reflectance) methods. Mass spectrometry was peefbrom a Hewlett-Packard 5890
apparatus, generally under a Cl (Chemical lonimtroethod by using Nfor CH, or

by direct insertion under Electron Impact at 70a\d 150 °C. The elemental analyses
were obtained in a FISONS Elemental Analyzer, Mddat1500. The samples were
previously pyrolized al 1000 °C in the presenca ohtalyst, under oxygen atmosphere,
and the content of carbon, hydrogen and nitrogere wetermined by evaluation of the
combustion gases by gas chromatography using adetBctor. Solvents were dried,
according to standard procedures, and distilledrgd use. All other major chemicals
were obtained from commercial sources and usedowufitifurther purification. Gas
chromatography was performed by using a ShimatzuC/&0i apparatus with a
capillary column (HP-5 Crosslinked 5% Phe-Me-Siloga0.25um film thickness, 30

m length and 0.32 mm diameter). Used carrier gasds and pressures were: He = 5.5
bar (Linde, Helium 5.0), Air = 3 bar (Linde, syntieeair), H, = 3 bar (Linde, Hydrogen
5.0). The experimental conditions are specifieg@ach case. Ozonolysisaction was
carried out using an ozone-generator Fischer O500eapparatus, under the following
conditions: Intensity = 0.25-0.40 Apf= 0.25 bar, @flow = 50-100 mL/min.

6.2. Molecular computer calculations

Geometry and energy minimization of molecules wpreoptimized by molecular
mechanics MM2 followed by semiempirical quantum hsedcal PM7 algorithni?
implemented in the MOPAC-2012 softwareThis software was also used to calculate
the formation enthalpy. Density functional theoBF{T) based methods at the B3LYP
functional level®” were used for subsequent full refinements, witthie Gaussian-
03W (Revision E.O1, version 6.1) software packagad using the 6-31++G(d, p)

basis set’ All calculations were performed on isolated molesygas phase).

6.4. Synthetic procedures

6.4.1. Synthesis of 2,4-dibromo-3-pentanone, (1)

18



O O O
O 5
\)J\/ o ~ [
N 3 + + :
PBr3 i -
Br Br Br Br Br Br
N J

79%
meso ~
63.2% racemic
15.8%

In an oven-dried 250 mL three neck round-bottonkflaguipped with a stirring bar, a
Dimroth condenser, a calcium chloride trap, a tfmater and a pressure equalized
addition funnel, 3-pentanone (54 mL, 0.52 mmol) phdsphorous tribromide (1 mL,
0.01 mmol) were added. The mixture was cooled &€ Gand bromine (54 mL, 0.53
mmol) was slowly added along 5 hours, maintainhmg reaction mixture between 5 °C
and 10 °C. During the addition of bromine, the as& of hydrogen bromide was
observed. One hour after the complete addition r@imine, the conversion of 3-
pentanone was complete as observed by GC. Thenmikieire was submitted to
vacuum (20 torr) for 30 min at rt to eliminate tdessolved hydrogen bromide. The
reaction crude was purified by fractional distiket under vacuum (10 mmHg),
collecting the fraction between 65 °C and 70 °ds Traction was redistilled to obtain
chemically pure 2,4-dibromopentan-3-one (71.96 @ 7yield) as a colourless oily

diastereoisomeric mixturenesd dl pair 4/1.

IR (film) © (cm%): 3445 (C=0), 2980, 2920, 2875-4€sp’), 1730 (C=0), 1440, 1380,
1350 (G-C), 1200, 1120, 1070, 1050, 1020+C). *H NMR (200 MHz, CDC}) 5
(ppm): pair di 1.88 (2H, dJ = 6.9 Hz, H2, H4), 4.77 (6H, d,= 6.9 Hz, H1, H5)meso:
1.81 (2H, dJ = 6.7 Hz, H2, H4), 4.99 (6H, d,= 6.7 Hz, H1, H5)*C NMR (50 MHz,
CDCly) & (ppm): pair dl 21.61 (C1, C5), 43.95 (C2, C4), 195.77 (OBpso: 19.42
(C1, C5), 43.75 (C2, C4), 195.77 (CB)S (GC-MS, CI, NH;, 70 eV, 150 °C = 6.16-
7.03 min) m/z (%): 279 (12, M+¥l7), 262 (100, M+NH), 246 (1, M+2H), 244 (1, M),
182 (6, GH100,Br). GC (T; = 100 °C, t= 2 min., r = 10 °C/min., {E 200 °C, t= 30

min.) meso: tg = 5.7 min.;pair d: tg = 6.4 min.

6.4.2. Synthesis ofert-butyl furan-2-yl-carbamate, (2)
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In a round-bottom flask equipped with a stirring bad a Dimroth condenser, 2-furyl
chloride (10 g, 0.07 mol}ert-butyl alcohol (80 mL, 0.85 mol) and sodium azi8elg,
0.08 mol) were placed, under argon atmosphere.mitture was stirred for 20 h at
room temperature and the formation of the interiswedR-furylazide as a white solid
was observed. The mixture was heated to reflux C@0and maintained under these
conditions for additional 15 h. Once 2-furylazidasnxcompletely converted (control by
TLC eluted with hexane/ethyl acetate 4:6), the essalwvas removeih vacuq obtaining

a white solid, which was submitted to a flash caluohromatography on silica gel,
eluting with a mixture of hexane and ethyl acetafténcreasing polarity. The elution
with a mixture of hexane and EtOAc (9:1), affordbd desired product as a white solid
(10.8 g, 82% yield). The product has to be stoned ¢old place and away from light, in

order to avoid its photochemical decomposition.

MP = 98-99 °C (ethyl acetateYLC: R = 0.66 (SiQ, hexane/ethyl acetate 4:6,
developed by ninhydrin)R (film) & (cm™): 3267 (N-H, st), 2980, 1700 (C=0, st),
1546 (N—H, def), 1250 'Bu). '"H NMR (300 MHz, CDC}) & (ppm): 1.50 (9H, s, H2),
6.04 (1H, brs, H4"), 6.63 (1H, brs, H3"), 7.00-7 (M, m, H5")."*C NMR (50 MHz,
CDCls) & (ppm): 28.2 (C2"), 81.3 (C1'), 95.1 (C4"), 111@3Y), 136.0 (C5'), 145.4
(C2), 151.9 (C1)MS (CI, NHs, 70 eV, 150 °C) m/z (%): 285 (13, M+N} 268 (100,
M+1H), 212 (22, M+2H'Bu), 167 (36, M+1HCOO'BuU).

6.4.3. Synthesis oftert-butyl N-{2,4-dimethyl-3-0x0-8-oxabicyclo[3.2.1]oct-6-en-1-
yl}carbamate, (3)

.9 \ o o
3 ’ 2 7, N AN\
" 1~~ N)lJ\O > ¥ @ NHBoc * @ NHBoc
6" 7 H
3¢ 3b 3a
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[4+3] Cycloaddition procedure usinge,COq

In a round bottomed flask fitted with a magnetiarst, under argon atmosphere,
compound2 was placed. Afterwards, inside an Atmosbag® fillwdh argon, the
pyrophoric diironnonacarbonyl was added to the twadgin a molar ratio €Oy :
furan = 1.75 : 1), as a bright yellow solid. Themhydrous acetonitrile (in a ratio of
0.82 mL of ACN : 1 mol F£0Og) was added and the mixture was stirred for 5 min.
Dibromoketonel, freshly filtered through neutral alumina, was edidiropwise at10
°C, (in a molar ratio of 1.2 : 1; dibromoketarferan). The reaction mixture was stirred
at room temperature for 6.5 h. The crude was cdrated to dryness and the residue
was dissolved in acetone. Cerium ammonium nitiate (nolar ratio CAN : F&£0y =

1 : 1) was added and the reaction mixture wasestifor 5 min. Afterwards, the solvent
was evaporated under vacuum and the residue lexedi through a short path of silica
gel, and then it was submitted to a flash columroriatography on silica gel, using
mixtures of hexane and diethyl ether of increagalgrity to isolate cycloaddu@tin a
76% yield and diastereoselectiviBa/3b/3c = 55/40/5.

tert-Butyl N-{(1S*, 2R*, 4R*, 5R*)-2,4-dimethyl-3-ox0-8-oxabicyclo[ 3.2.1] oct-6-en-1-
yl}carbamate, (3a)

Colourless oil.TLC: R = 0.60 (SiQ, eluted with hexane /EtOAc 3:7, developed with
KMnOJ). IR (film) © (cm®): 3341 (N-H, st), 2977, 2936, 1709 (C=0, st), 1503-K\
def), 1460, 1369, 1331, 124®(), 1167 (CO-C, st), 1055 (CO-C, st as)!H NMR
(400 MHz, CDCY4) & (ppm): 1.08 (3H, dJo>= 7 Hz, H9"), 1.35 (3H, d)104= 7.6 Hz,
H10"), 1.46 (9H, s, H2"), 2.31 (1H, d10= 7.6 Hz, H4"), 3.01 (1H, gl o= 7 Hz, H2"),
4.74 (1H, s, H5"), 5.19 (1H, s, NH), 6.28 (2H, §"tand H7").**C NMR (100 MHz,
CDCL) § (ppm): 9.8 (C9"), 16.4 (C10"), 28.4 (C2'), 48CA4(), 52.9 (C2"), 80.9 (C1Y),
81.3 (C5"), 95.3 (C1"), 132.8 (C6"), 134.1 (C7"H319 (C1), 210.7 (C3"MS (ClI,
NH3, 70 eV, 150°C) m/z (%285 (13, M+NH), 268 (100, M+H), 212 (22, M+Bu),
167 (36, M+H-COOBU). GC (T;= 100 °C, t= 1 min, r = 10 °C/min, {E 250 °C, ¢= 20
min): tz = 9.57 min.Anal. Calcd for GsH21NO, (267.32 g-mét): C, 62.90; H, 7.92; N,
5.24. Found: C, 62.95; H, 7.96; N, 5.22.

tert-Butyl N-{(1S*, 2R*, 4S*, 5R*)-2,4-dimethyl-3-ox0-8-oxabicyclo[3.2.1] oct-6-en-1-
yl}carbamate, (3b)

21



Colourless oil.TLC: R = 0.60 (SiQ, eluted with hexane /EtOAc 3:7, developed with
KMnOy). IR (film) © (cm®): 3347 (N-H, st), 2979, 2936, 1715 (C=0, st), 1522-k\
def), 1456, 1368, 1348, 125B(), 1157 (CO-C, st), 1038 (CO-C, st as)!H NMR
(400 MHz, CDC}4) 6 (ppm): 0.97 (3H, d)104= 7 Hz, H10"), 1.08 (3H, dly = 7 Hz,
H9"), 1.46 (9H, s, H2'), 2.79 (1H, ddy 10= 7 Hz,J45= 4.6 Hz, H4"), 3.02 (1H, gho=

7 Hz, H2"), 4.91 (1H, dd}s 4= 4.6 Hz,J56= 1.2 Hz, H5"), 5.27(1H, s, NH), 6.29 (2H, s,
H6" and H7").*C NMR (100 MHz, CDC}) & (ppm): 10.0 (C9"), 10.6 (C10"), 28.5
(C2, 48.9 (C4"), 54.2 (C2"), 80.9 (C5"), 80.9 (£15.7 (C1"), 132.8 (C6"), 134.1
(C7"), 154.0 (C1), 208.0 (C3"WMS (Cl, NHs, 70 eV, 150°C) m/z (%)285 (13,
M+NH,), 268 (100, M+H), 212 (22, M+2Bu), 167 (36, M+HCOUJBu). GC (T;=100
°C, t=1 min, r = 10 °C/min, {I= 250 °C, = 20 min) tg = 9.87 min.Anal. Calcd for
C14H21INO4 (267.32 g-mc‘ﬂ): C, 62.90; H, 7.92; N, 5.24. Found: C, 62.88;780; N,
5.25.

tert-Butyl N-{(1S*, 2S*, 4R*, bR*)-2,4-dimethyl-3-ox0-8-oxabicyclo[ 3.2.1] oct-6-en-1-
yl}carbamate, (3c)

Colourless oil.TLC: R = 0.60 (SiQ, eluted with hexane /EtOAc 3:7, developed with
KMnOJ). IR (film) © (cm®): 3341 (N-H, st), 2977, 2936, 1709 (C=0, st), 1503-K\
def), 1460, 1369, 1331, 124®(), 1167 (CO-C, st), 1055 (CO-C, st as)!H NMR
(400 MHz, CDC}4) 6 (ppm): 1.29 (3H, dJo 2= 7.6 Hz, H9"), 1.33 (3H, dlj04= 7.6 Hz,
H10"), 1.46 (9H, s, H2'), 2.28 (1H, Gs10= 7.6 Hz, H4"), 2.65 (1H, gJ,,0= 7.6 Hz,
H2"), 4.73 (1H, dJss= 2 Hz, H5"), 5.17 (1H, s, NH), 6.21 (1H, ddg,;= 6.1 Hz,Js 5=

2 Hz,Js 4= 0.5 Hz, H6"), 6.38 (1H, dl; 6= 6.1 Hz, H7").X*C NMR (100 MHz, CDC})

§ (ppm): 13.8 (C9"), 17.8 (C10"), 28.5 (C2'), 48(®A(), 53.0 (C2"), 80.9 (C1'), 81.1
(C5"), 95.3 (C1"), 132.2 (C6"), 135.4 (C7"), 153®1), 213.0 (C3")MS (Cl, NHg, 70
eV, 150°C) m/z (%6)285 (13, M+NH), 268 (100, M+H), 212 (22, M+3Bu), 167 (36,
M+H-COOBuU). GC (T; = 100 °C, t= 1 min, r = 10 °C/min, {T= 250 °C, ¢ = 20 min)

tr = 9.20 min.Anal. Calcd for G4H2:NO,4 (267.32 g-mat): C, 62.90; H, 7.92; N, 5.24.
Found: C, 62.93; H, 7.89; N. 5,27.
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6.4.4. General methods for the reduction of the caonyl group in (3). Synthesis of

epimeric alcohols (4)

a) Use of NaBH 4 (applied to 3b and 3c)

In a 50 mL oven-dried round-bottomed flask, equgppath a stirring bar and fitted
with septa, NaBl (567.4 mg, 15 mmol) and anhydrous MeOH (8 mL) weleeed,
under argon atmosphere. The system was cooled byceswater bath and the
cycloadduct3 (1 g, 3.74 mmol), dissolved in anhydrous MeOH (B)nwas slowly
added to the reaction flaska syringe. Once the reaction was complete after 6 h
(control by TLC: SiQ, chloroform/methanol 95:5, two elutions, developetith
ninhydrin), the excess of NaBHvas quenched with distilled water (2 mL) and the
resulting mixture was stirred at room temperatorels min at 0 °C. Then, the reaction
mixture was concentrated to dryness vacuo The resulting crude product was
dissolved in anhydrous CHE(20 mL) and the organic solution was filtered wigt
cannula, washing the solid residue (3 x 5 mL of G#HCThe organic solution was
concentrated to dryness and the resulting crudevad submitted to a flash column
chromatography on silica gel, eluting with mixturek hexane and ethyl acetate of
increasing polarity. The elution with hexane / EO:3), allowed the separation of
both diastereoisomeric alcohalsas white solids, in excellent yields (99% &y and
82% for3c). Diastereoselectivitydb,(endg/4b, (exg = 99/1 anddc(endg/4c, (exg =
0/100.

b) Use of DIBAL-H (applied to 3a)

To a solution of keton8a (300 mg, 1.12 mmol) in anhydrous THF (3 mL), a solul

M in hexane of DIBAL-H (3.36 mmol) was added-a8 °C and stirred along 75 min
under argon atmosphere (control by TLC). At the efdhe reaction a saturated
aqueous solution of N)&I (12 mL) was added , at78 °C, to quench the excess of
reducing agent and the mixture was stirred for 19. mhe organic solvent (THF) was

evaporatedn vacuoat room temperature, water was added (10 mL) hedsystem
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extracted with diethyl ether (4 x 10 mL). The ongalayers were combined together,
dried over anhydrous MgSQfiltered and concentrated to dryness. The resylti
residue was submitted to a flash column chromapireon silica gel, eluting with

mixtures of chloroform and ethyl acetate of incregspolarity, isolating pure

diastereoisomeric compoundéa, (0.258 g) and4a (0.014 g). Yield = 90%.

Diastereoselectivityda (endq /4a (exg = 5/95.

c) Use of Na/ NH3 (applied to 3a)

Dry ammonia was liquefied (Pe33 °C) by using a gas condenser (cooled by dry ice
and acetone) fitted to an oven-dried heart-shapegeinecked flask, equipped with
magnetic stirring and a cooling bath of dry icestace. 40 mL of liquid ammonia were
generated and the bicyclic ketoBa (0.135 g, 0.505 mmol) was added dissolved in
diethyl ether (10 mL) by a syringe. Afterwards, 4&® mg, 2.010 mmol) was added in
small pieces, observing the formation of a blu@gapthat disappears in a few seconds.
The reaction mixture was stirred under these camditfor 30 min (control by TLC:
SiO,, chloroform / methanol 95:5, two elutions, devedpvith ninhydrin). The cooling
bath was removed and the ammonia was evaporateoh largon stream, obtaining a
yellowish solid, which was lixiviated with diethgther (5 x 5 mL). The organic extracts
were combined together and concentrated to dryoésaining a colourless oil that was
submitted to a flash column chromatography on ailiel, eluting with mixtures of
chloroform and ethyl acetate of increasing polarigolating pure diastereoisomer
compoundsta (134.6 mg). Yield = 99%. Diastereoselectivityg; (endg /4a (ex0 =
0/100. Control by GC of the reaction crude priothte column chromatography showed

no presence of diastereoisordey.

tert-Butyl N-{(1S*,25*,3S*,4S* ,5R*)-3-hydroxy-2,4-dimethyl-8-oxabicyclo[3.2.1] oct-
6-en-1-yl}carbamate, (4&)

OH
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Colourless oil. TLC: R = 0.47 (SiQ, chloroform/methanol 95:5, two elutions,
developed by ninhydrin)R (film) © (cm*): 3330 (Q-H, st), 2973, 2932, 1717 (C=0,
st), 1526 (NH, def), 1366, 1250'Bu), 1161 (CO-C, st), 995 H NMR (400 MHz,
CDCl;) & (ppm):1.04 (3H, dJo 2= 7.4 Hz, H9"), 1.21 (3H, dl;04= 7.6 Hz, H10"), 1.44
(9H, s, H2'), 1.85 (1H, gls.10= 7.6 Hz, H4"), 2.03 (1H, d] = 10.6 Hz, OH), 2.34 (1H,
dq, Joo= 7.4 Hz,J3= 5.6 Hz, H2"), 3.55 (1H, brs, H3"), 4.65 (1H, 3= 1.6 Hz,
H5"), 5.10 (1H, s, NH), 6.40 (1H, ddss= 1.6 Hz,Js 7= 5.6 Hz, H6"), 6.50 (1H, dl;¢

= 5.6 Hz, H7").23C NMR (100 MHz, CDC}) 5 (ppm): 12.4 (C10"), 17.6 (C9"), 28.5
(C2", 39.6 (C4"), 39.9 (C2"), 75.7 (C3"), 82.9 (§;594.9 (C1"), 135.0 (C7"), 135.1
(C6"), 154.2 (C1)MS (CI, NHs, 70 eV, 150°C) m/z (%)270 (43, M+H), 214 (89,
M+2-'Bu), 196 (96, MO'Bu ), 170 (100, M+2COOBuU), 152 (83, MNH,Boc). Anal.
Calcd for G4H23NO;4 (269.34 g-mat): C, 62.43; H, 8.61; N, 5.20. Found: C, 62.40; H,
8.59; N, 5.23.

tert-Butyl N-{(1S*,2S*,3R*,4S* ,5R*)-3-hydroxy-2,4-dimethyl-8-oxabicycl o[ 3.2.1] oct-
6-en-1-yl}carbamate, (4a)

Colourless oil. TLC: R = 0.32 (SiQ, chloroform/methanol 95:5, two elutions,
developed by ninhydrin)lR (film) © (cm?): 3342 (N-H, st), 3336 (OH, st), 2975,
2932, 1717 (C=0, st), 1526 {N, def), 1324, 1248'Ru), 1161 (CO-C, st), 1094,
1053 (G-O-C, st as), 1014, 982H NMR (400 MHz, CDC#) & (ppm): 1.03 (3H, dJo 2
= 6.7 Hz, H9"), 1.14 (3H, dli0 4= 6.9 Hz, H10"), 1.44 (9H, s, H2'), 1.48 (1H,Jd& 7.0
Hz, OH), 1.75 (1H, daJ9= 6.7 Hz,J,3= 8.0 Hz, H2"), 1.87 (1H, ddq,s= 1.5 Hz,
J43= 6.9 HZz,J410= 6.9 Hz, H4"), 3.50 (1H, ddl34= 6.9 Hz,J;,= 8.0 Hz, H3"), 4.67
(1H, brs, H5"), 5.08 (1H, s, NH), 6.15 (1H, ds= 1.7 Hz,Js7= 5.9 Hz, H6"), 6.22
(1H, d,J;6= 5.9 Hz, H7").2*C NMR (100 MHz, CDC}) & (ppm): 11.8 (C10"), 13.5
(C9"), 28.5 (C2), 34.6 (C4"), 41.2 (C2"), 73.5 (§;382.9 (C5"), 94.9 (C1"), 131.0
(C7"), 131.3 (C6"), 153.9 (CIMS (CI, NHg, 70 eV, 150°C) m/z (%270 (28, M+H),
214 (51, M+2'Bu), 170 (100, M+2COOBU), 152 (63, MNH,Boc). Anal. Calcd for
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CuH2aNO, (269.34 g-mat): C, 62.43; H, 8.61; N, 5.20. Found: C, 62.46;8:63; N,
5.19.

tert-Butyl N-{(1S*,2S*,3S*,4R* ,5R*)-3-hydroxy-2,4-dimethyl-8-oxabicycl o[ 3.2.1] oct-
6-en-1-yl}carbamate, (4by)

OH
10" -

4 3 ‘2‘-7\\ i o) S

Pl
White solid. MP = 137-138 °C (CG). TLC: Rf = 0.47 (SiQ, chloroform/methanol
95:5, two elutions, developed by ninhydrifi (film) © (cm?): 3334 (G-H, st), 2973,
2930, 1723 (C=0, st), 1624, 1520-( def), 1456, 1364, 1250Bu), 1165 (CO-C,
st), 1084, 1016'H NMR (400 MHz, CDC4) & (ppm): 0.98 (3H, dJigs= 7.6 Hz,
H10"), 1.08 (3H, dJo 2= 7.6 Hz, H9"), 1.44 (9H, s, H2"), 1.62 (1H, brd4)D2.25-2.35
(2H, m, H2" y H4"), 3.73-3.79 (1H, m, H3"), 4.62H1ddd,Js = 1.6 Hz,J53= 1.6 Hz,
Js4= 3.2 Hz, H5"), 5.18 (1H, s, NH), 6.47 (1H, dds= 1.6 Hz,Js 7= 6.2 Hz, H6"),
6.50 (1H, d,J76= 6.2 Hz, H7").*C NMR (100 MHz, CDC}) & (ppm): 12.8 (C10"),
12.9 (C9"), 28.5 (C2), 38.7 (C2"), 41.9 (C4"), 7BC3"), 82.8 (C5"), 94.7 (C1"), 134.7
(C6"), 136.5 (C7"), 154.2 (CIMS (CI, NHs, 70 eV, 150°C) m/z (%R14 (40, M+2
'Bu), 196 (53, MO'Bu), 170 (100, M+2COOBuU), 152 (63, MNH,Boc), 110 (93).
Anal. Calcd for G4H23NO,4 (269.34 g-mal): C, 62.43; H, 8.61; N, 5.20. Found: C,
62.45; H, 8.62; N, 5.23.

tert-Butyl N-{(1S*,2S*,3S*,4R* ,5R*)-3-hydroxy-2,4-dimethyl-8-oxabicycl o[ 3.2.1] oct-
6-en-1-yl}carbamate, (4by)

White solid.MP = 58-59 °C (CCJ). TLC: R = 0.27 (SiQ, chloroform/methanol 95:5,
two elutions, developed by ninhydridR (film) o (cm?): 3334 (G-H, st), 2973, 2930,
1713 (C=0, st), 1526 (M, def), 1456, 1393, 1366, 125MB(), 1163 (CO-C, st),
1024, 993, 955'H NMR (400 MHz, CDC}) & (ppm): 0.95 (3H, dJi4= 7.0 Hz,
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H10"), 1.04 (3H, dJo2= 7.0 Hz, H9"), 1.44 (9H, s, H2'), 1.71-1.79 (3H, HR" H4"
and OH), 2.85 (1H, ddk»= 8.6 Hz,J3 4= 8.6 Hz, H3"), 4.63 (1H, dls 6= 1.8 Hz,J54=
3.6, H5"), 5.14 (1H, s, NH), 6.19 (1H, di$s= 1.8 Hz,Js 7= 6.4 Hz, H6"), 6.24 (1H, d,
Jr6= 6.4 Hz, H7")."*C NMR (100 MHz, CDC}) 5 (ppm): 13.8 (C9"), 14.3 (C10"),
28.5 (C2'), 40.8 (C4"), 44.4 (C2"), 78.5 (C3"), BAC5"), 95.3 (C1"), 130.0 (C7"),
132.0 (C6"), 154.0 (CIMS (CI, NHs, 70 eV, 150°C) m/z (%)214 (34, M+2'Bu),
196 (90, M-O'Bu), 170 (100, M+2COOBu), 152 (55, MNH,Boc). Anal. Calcd for
C1H23NO, (269.34 g-mal): C, 62.43; H, 8.61; N, 5.20. Found: C, 62.39;8:54; N,
5.23.

tert-Butyl N-{(1S*,2R*,3R*,4S* ,5R*)-3-hydroxy-2,4-dimethyl-8-oxabicyclo[3.2.1]oct-

6-en-1-yl}carbamate, (4¢)

White solid. MP = 109-110 °C (CG). TLC: R; = 0.50 (SiQ, hexane/diethyl ether
(3:7), three elutions, developed by ninhydrif. (film) o (cm™): 3332 (O-H, st), 2977,
2934, 1699 (C=0, st), 1651, 1559 def), 1505, 1458, 1368, 1323, 124Bu),
1167 (G-O-C, st), 1051 (CO-C, st as), 995'H NMR (400 MHz, CDC}) & (ppm):
1.10 (3H, dJg = 6.8 Hz, H9"), 1.12 (3H, d}04= 6.8 Hz, H10"), 1.44 (9H, s, H2"),
1.70-1.74 (1H, m, OH), 1.77 (1H, ddy3= 6.4 Hz,J410= 6.8 Hz, H4"), 2.17 (1H, dq,
Jo=Jr3= 6.8 Hz, H2"), 4.13 (1H, ddlz 2= J34= 6.8 Hz, H3"), 4.64 (1H, brs, H5"),
5.25 (1H, s, NH), 6.09 (1H, ddg¢s= 1.6 Hz,Js7= 6.0 Hz, H6"), 6.24 (1H, dl;6=6.0
Hz, H7"). **C NMR (100 MHz, CDC}) & (ppm): 8.9 (C9"), 13.7 (C10"), 28.5 (C2),
34.4 (C4"), 38.7 (C2"), 67.5 (C3"), 82.9 (C5"), 24C1"), 129.8 (C6"), 132.9 (C7"),
153.8 (C1).MS (CI, NHs, 70 eV, 150°C) m/z (%214 (29, M+2'Bu), 196 (100, M
O'Bu), 170 (49, M+2COOBu), 152 (69, MNH;Boc). Anal. Calcd for G4Ho3NO,
(269.34 g-mc')Jr): C, 62.43; H, 8.61; N, 5.20. Found: C, 62.418t65; N, 5.24.

6.4.5. General method for the reductive ozonolysiseaction: use of SMe and
NaBH, as reducing agents. Synthesis of (5)
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In a 25 mL two-neck heart-shaped oven-dried flaskiipped with a Dimroth condenser
connected to a Caftrap tube, the corresponding alcoha!) ((269 mg, 1 mmol),
NaHCG; (136 mg, 1.62 mmol), anhydrous &, (10 mL) and anhydrous MeOH (2.5
mL) were placed. The mixture was cooled with ads@O/acetone bath at78 °C.
Then, Q was bubbled inside the solution for 0.5 h, by dudibr, until the reaction
mixture was saturated of ozone (adopting a bluewdl After reaction completion
(control by TLC), the system was purged with, M1 order to remove the excess of
ozone. Then, a stirring bar was placed in the flgsk Dimroth condenser removed and
two septa were adapted to the necks of the flatkeriards, SMg(0.17 mL, 2.3 mmol)
was added at —78 °C and the mixture was stirre@@amninutes. Then, the mixture was
warmed to room temperature, NaBfd1 mg, 2.3 mmol) was added and the reaction
system was stirred for 3 h. After reaction complet{control by TLC), the reaction
mixture was cooled to 0 °C and the NaBhcess was quenched with water (0.5 mL)
and the mixture was stirred for 15 minutes. TheeQW (5 mL) was added to dissolve
and quench the formed boron byproducts and theuneixtvas concentrated to dryness
under vacuum at room temperature. The obtainedeonas lixiviated with ethyl acetate
(8 x 10 mL), and filtered by cannula. The organages were combined together and
the solvent was evaporatéd vacuo The resulting residue was submitted to a flash
column chromatography on silica gel eluting withxtares of hexane and ethyl acetate

of increasing polarity to isolate pure 2-aminopy®an

tert-Butyl N-[(2R*,3S*,4S* ,5S*,6S*)-4-hydroxy-2,6-bis(hydroxymethyl)-3,5-
dimethyltetrahydropyran-2-yl]carbamate, (5&)

White solid, 269 mg, 88% yieldMP = 181-182 °C (CG). TLC: R = 0.26 (SiQ,
EtOAc, developed by ninhydriniR (film) & (cm?): 3345 (GH, st), 2975, 2930, 2456,
1699 (C=0, st), 1514 (\H), 1460, 1396, 1371, 125(B(), 1167 (GO-C, st), 1099,
1065 (G-O-C, st as), 1011"H NMR (400 MHz, CROD) & (ppm): 0.94 (3H, dJos=
6.8 Hz, H9"), 0.97 (3H, dJs3= 7.0 Hz, H8"), 1.44 (9H, s, H2"), 1.66 (1H, ddge= 6.8
Hz, Js6= Js 4= 10.3 Hz, H5"), 2.20 (1H, ddl 4= 5.0 Hz,J3g= 7.0 Hz, H3"), 3.30-331
(1H, m, H6"), 3.53 (1H, d}10a 10~ 11.2 Hz, H10a"), 3.57 (1H, ddzaon= 6.0 Hz,J7a 70
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=11.0 Hz, H7a"), 3.67 (1H, dd4 3= 5.0 Hz,J4 5= 10.3 Hz, H4"), 3.69 (1H, ddsp on=
2 Hz,Jz.0n= 11.0 Hz, H7b"), 3.96 (1H, diop10.= 11.2 Hz, H10b")2*C NMR (100
MHz, CD;0OD) 6 (ppm): 6.4 (C8"), 12.3 (C9"), 27.6 (C2"), 32.4 (7.8 (C3"), 62.0
(C10"), 62.6 (C7"), 71.2 (C4"), 76.5 (C6"), 79.21(}; 88.3 (C2"), 155.1 (CIMS (Cl,
NHs, 70 eV, 150°C) m/z (%06 (56, M+2COJBu), 189 (68, MNHBoc), 171 (100,
M-NHBoc-H,0). Anal. Calcd for G4H»7NOg (305.37 g-mc‘ﬂ): C, 55.07; H, 8.91; N,
4.59. Found: C, 55.05; H, 8.93; N, 4.57.

tert-Butyl N-[(2R*,3S5*,4R* 55 ,6S*)-4-hydroxy-2,6-bis(hydroxymethyl)-3,5-
dimethyltetrahydropyran-2-yl]carbamate, (5&)

Colourless oil, 229 mg, 75% vyieldLC: R = 0.36 (SiQ, EtOAc, developed by
ninhydrin).IR (film) © (cm™): 3341 (G-H, st), 2971, 2923, 1705 (C=0, st), 1516-K\
def), 1460, 1368, 1283, 1238B(), 1167 (CO-C, st), 1065 (CO-C, st as), 989, 920.
'H NMR (400 MHz, CROD) 3 (ppm): 0.95 (38H, dJos= 7.2 Hz, H9"), 1.04 (3H, dlg 3
= 7.2 Hz, H8"), 1.44 (9H, s, H2"), 1.90 (1H, ddgp= 7.2 Hz,J5 4= 2.4 Hz,J56= 10.4
Hz , H5"), 2.09 (1H, doJs 4= 2.4 Hz,J35= 7.2 Hz, H3"), 3.51 (1H, ddl;a0n= 8.8 Hz,
J7a7p= 11.2 Hz, H7a"), 3.57 (1H, ddioa100= 8.8 Hz,J10a0n= 11.2 Hz, H10a"), 3.68
(1H, dd,J10a,100= 8.8 Hz,J10a6= 2.0 Hz, H10b"), 3.69-371 (1H, m, H6"), 3.76 (1M,
H4"), 4.34 (1H, dJspon= 3.4 Hz, J;p7a= 11.2 Hz, H7b").*C NMR (100 MHz,
CDsOD) 6 (ppm): 13.1 (C9"), 13.8 (C8"), 28.5 (C2'), 30.4(Y; 38.6 (C3"), 63.3 (C7"),
63.5 (C10"), 71.1 (C6"), 76.4 (C4"), 80.2 (C1"),B1C2"), 154.9 (C1)MS (CI, NHjs,
70 eV, 150°C) m/z (%)189 (49, M-NHBoc), 171 (100, MNHBoc-H,0), 153 (68, M
NHBoc-2H,0). Anal. Calcd for G4H27NOg (305.37 g-mél): C, 55.07; H, 8.91; N,
4.59. Found: C, 55.10; H, 8.89; N, 4.61.

tert-Butyl N-[(2R*,3S*,4S* ,BbR* ,6S*)-4-hydroxy-2,6-bis(hydroxymethyl)-3,5-
dimethyltetrahydropyran-2-yl]carbamate, (5by)

29



Colourless oil, 214 mg, 70% vyieldLC: R = 0.26 (SiQ, EtOAc, developed by
ninhydrin).IR (film) © (cm*): 3336 (O-H, st), 2925, 2855, 1838, 1701 (C=0, st), 1653,
1514 (N-H, def), 1458, 1393, 1368, 1292, 124Bu), 1167 (CO-C, st), 1095, 1057
(C-O-C, st as), 1014H NMR (400 MHz, CXOD) & (ppm): 0.89 (3H, dJo 5= 7.6 Hz,
H9"), 1.01 (3H, dJs3= 7.2 Hz, H8"), 1.44 (9H, s, H2"), 1.99 (1H, ddge= 7.6 Hz,J5 ¢
= 3.0 Hz,J54= 5.2 Hz, H5"), 2.15 (1H, ddls 4= 5.2 Hz,J35= 7.2 Hz, H3"), 3.48 (1H,
dd, J7a.0n= 4.8 Hz,J7a 7= 11.3 Hz, H7a"), 3.56 (1H, d40a,100= 11.1 Hz, H10a"), 3.64
(1H, dd,J7p,0n= 7.6 Hz,J7p7a= 11.3 Hz, H7b"), 3.86 (1H, dddgs= 3.0 Hz,Js10a= 4.8
Hz, Js 10o= 8.0 Hz ,H6"), 4.02 (1H, dliop10= 11.1 Hz, H10b"), 4.07 (1H, dds3=Jds5
= 5.2 Hz, H4")."*C NMR (100 MHz, CROD) & (ppm): 7.5 (C9"), 8.1 (C8"), 27.6
(C29, 38.3 (C3"), 36.0 (C5"), 61.5 (C10"), 62.57(F 68.9 (C6"), 72.6 (C4"), 79.2
(C1, 88.6 (C2"), 155.1 (C1MS (ClI, NHs, 70 eV, 150°C) m/z (%)206 (38, M+2
COOBu), 189 (64, MNHBoc), 171 (100, MNHBoc-H,0), 153 (40, MNHBoc-
2H,0), 101 (44).

tert-Butyl N-[(2R*,3S*,4R* ,5R* ,6S*)-4-hydroxy-2,6-bis(hydroxymethyl)-3,5-
dimethyltetrahydropyran-2-yl]carbamate, (5by)

Colourless oil, 223 mg, 73% vyieldLC: R = 0.30 (SiQ, EtOAc, developed by
ninhydrin).IR (film) o (cm™): 3351 (G-H, st), 2975, 2927, 1838, 1701 (C=0, st), 1653,
1514 (N-H, def), 1456, 1393, 1368, 1288, 124BU), 1167 (CO-C, st), 1061 (CO-

C, st as), 864:H NMR (400 MHz, CROD) & (ppm): 0.97 (3H, dJos= 7.8 Hz, H9"),
1.08 (3H, dJs3= 7.4 Hz, H8"), 1.44 (9H, s, H2"), 1.77 (1H, ddge= 7.8 Hz,J56= 3.5
Hz, Js4= 3.2 Hz, H5"), 1.91 (1H, dglz 4= 4.4 Hz,J38= 7.4 Hz, H3"), 3.46 (1H, dd,
Jraon= 5 Hz,J7a = 11.2 Hz, H7a"), 3.51 (1H, dioa100= 11.2 Hz, H10a"), 3.61 (1H,
dd, Jzpon= 7.8 Hz,J7,7,= 11.2 Hz, H7b"), 3.63-3.65 (1H, m, H4"), 4.16 (1ddld,Js 5=
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3.5 Hz,J510a= 4.6 Hz,Js 100= 8.0 Hz ,H6"),4.26 (1H, dliop10s= 11.2 Hz, H10b")*C
NMR (100 MHz, CRROD) 5 (ppm): 12.0 (C9"), 13.0 (C8"), 27.5 (C2"), 37.15(-38.8
(C3"), 61.2 (C10"), 62.5 (C7"), 69.2 (C6"), 76.24(, 79.3 (C1'), 87.6 (C2"), 155.3
(C1). MS (Cl, NHs, 70 eV, 150°C) m/z (%) 206 (100, M+2COCBu), 189 (61, M
NHBoc), 171 (30, MNHBoc-H;0). Anal. Calcd for G4H27NOg (305.37 g-mc‘ﬂ): C,
55.07; H, 8.91; N, 4.59. Found: C, 55.09; H, 81944.55.

tert-Butyl N-[(2R,3R,4R,5S,6S)-4-hydroxy-2,6-bis(hydroxymethyl)-3,5-
dimethyltetrahydropyran-2-yl]carbamate, (5¢)

.

;) aNH_ o#
.,%‘ . T ]
oH ©

Colourless oil, 287 mg, 94% vyieldLC: R = 0.10 (SiQ, EtOAc, developed by
ninhydrin).IR (film) & (cm®): 3390 (G-H, st), 2925, 1838, 1701 (C=0, st), 1647, 1514
(N-H, def), 1459, 1369, 125/B(), 1161 (CO-C, st)."H NMR (400 MHz, CQOD) &
(ppm): 0.93 (3H, dJgs= 6.8 Hz, H9"), 1.04 (3H, dJg3= 7.2 Hz, H8"), 1.44 (9H, s,
H2", 1.79 (1H, ddgJs 9= 6.8 Hz,J5 6= 10.4 Hz,J5 4= 2.8 Hz, H5"), 2.09 (1H, ddls 4=
2.8 Hz,J35= 7.2 Hz, H3"), 3.52 (1H, dli0a105= 12 Hz, H10a"), 3.51-3.71 (4H, m, H6",
H7a", H4" and H7b"), 4.41 (1H, dhop10a= 12 Hz, H10b").°C NMR (100 MHz,
CD3;0D) 6 (ppm): 12.3 (C8"), 12.7 (C9"), 27.4 (C2"), 35.6(¢36.7 (C3"), 62.3 (C7"),
63.7 (C10"), 71.6 (C6"), 73.5 (C4"), 88.6 (C2"),51% (C1).MS (Cl, NHs, 70 eV,
150°C) m/z (%)206 (100, M+2COOBU), 189 (88, MNHBoc), 171 (40, MNHBoG-
H,0), 116 (33, NHBoc), 101 (25, Bod\nal. Calcd for G4H27NOg (305.37 g-mc‘ﬂ):
C, 55.07; H, 8.91; N, 4.59. Found: C, 55.11; H2819, 4.55.
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HIGHLIGHTS
2-Amino-pyrans are readily available in three steps, in high yield.

[4+3]-Cycloaddition, stereoselective reduction and ozonolysis are the key steps.
With this methodology, up to five stereocenters are generated, in a

stereosel ective manner.

High molecular diversity may be obtained by designing the structure of starting

materials.

This synthetic methodology contributes to the preparation of 2-aminopyrans,
present in natural products with important bioactivity.



