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1. Introduction (Figure 1). On the other hand, pyrano[B]Byran containing
compoundl is an important precursor in the total synthedis o
ansamycinswhereas compoun? is a natural product produced
by a rare bacterial strainActinoalloteichus nanshanensis sp.
Nov."® The glycofused benzopyr@&was recently identified as a
hovel ligand for amyloi@ peptidase in the development of novel
therapeutics for Alzheimer's dised5grigure 2).

Linearly fused bicyclic acetals are ubiquitoushegent as
subunits in a number of bio-active natural proddcfs major
portion of these bicyclic acetals exists eithefuas[2,3-b]pyrans
or pyrano[2,3b]pyrans. For instance, Benesudon (antibacterial
and cytotoxic with 1G, values of 1-2 pg/mL),Euplotin A, B,
and C (cytotoxic), Novaxenicin A and B (induces apoptqsis)

(-)-Penifulvin A and B (potent insecticides), OH | oo OH
Tetrahydroaplysulfurin-£, Cadlinolides A, B and €, and 0.0
Neopeapyrahpossess the furo[2 @pyran framework Ho" Qo8N HIL ho
OBn OBn 0 OH OMe
H 1 2 3
\'T*%I\OI?: ‘CH’ X one Figure 2: Representative natural and synthetic products
JARS R 9 , containing the pyrano[2,Blpyran structure.

R = 4-methyl pentanoyl-  Euplotin A H H e
Benesudon il v L A= Very often, the presence of the bicyclic acetaleysin bio

R= &-methylhex-4-enoyl-  Euplotin C active molecules is vital for acquiring the appraf@ molecular
conformation that helps in eliciting the biologic@sponse. In
general, the formation of these bicyclic acetalifadbvolves the
halo etherification of cyclic vinyl ethers, using SBr NIS and

k peor allyl or propargyl alcoholl, foIIo.vved. by a radical.ui:iyation.to

R, = Oo, Ry = H Tetrahydroaplysulphurin-t Nce):peapyrg: pr_qduce the cqrre;pondlng bicyclic acetald/arious radical

R=Me  (}PenifulvinA R,=R,=O  Cadlinolide A initiators like Vitamin B,** AIBN,** Et;B,"® Co(salen)? etc.,
RZCHOM OPenfuliin® 12 DR Rt Cadimolide ¢ have been studied for the radical cyclization rieast
Figure 1: Representative natural products possessing firo[2 Carbohydrate derived vinyl ethers, generally cakedglycals,
bjpyran framework. have been one of the highly studied precursors adical

cyclization reactions’ Apart from these, we previously reported
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the application of Z-branched sugar§, 3-C-branched

glycals® and 1,2-cyclopropanated sugar derivafiVefor the a @io) a KOJ’\())
stereoselective preparation of a variety of furcdpy[2,3- & o Bno" S ® S BnO" s
bJfurans/pyrans. Very recently, Vankerr al. reported a distinct 0OBn OBn
method involving Grignard addition of allyl and viny 14 15
magnesium halides on allyl-&o-glycosides followed by ring- 0_.0 0__0
closing metathesis to produce pyrano[B]Byran/oxepine$* A 10 — L)\J " 2, @
similar protocol was also described to synthesiZzahnulated 71%  BnO" ™% 68% BnO" Y
sugars with3-mannose configuratioft® In addition to the above OBn OBn
methods, very few approaches were available foryhthesis of 16 7
furo/pyrano[2,3b]pyran ring systems encompassing acid-
catalyzed cyclization of hydroxyacetéfs, cycloaddition 0.0
reactions” intramolecular dehydration reactiéhs and 12 20rh w M\(j
ketalization of acyclic dihydroxyaldehyd&s. s6% BnO’ i - &
n

In continuation of our efforts in the synthesisfaged bicyclic Expected 18 Observed 19
acetals® herein we report the application &-2-methylene CE)Bn
glycosides in the synthesis of furo/pyrano[B]Byrans in two .

aor

steps comprising Ferrier type rearrangement and closing
metathesis.

13 —

45%

o
(0]

0.0y
BnO" Y

OBn 20

Scheme 2: Synthesis ob-arabinose derived furo/pyrano[2,3-

We intended the synthesis of furo/pyrano[B]@yran systems b]pyran frameworks. Reagents and conditions: (a) G20
starting from C-2-methyleneO-alkenyl glycosides of various mol%), toluene, 86C. (b) G-I (20 mol%), toluene, SC.
length. Towards this, 2-hydroxymehtylarabinal7’’ was treated
with allyl alcohol4 in the presence of catalytic Inflto provide
the C-2-methylenex- andp-glycosides8 and9. In a similar way
glycosideslO, 11 and12, 13 were synthesized by the Ferrier type
rearrangement off with 3-butenyl alcohol5 and 4-pentenyl
alcohol, respectively (Scheme 1).

2. Results and Discussion

Encouraged by these observations, we extended the
methodology to glucal and galactal derived 2-hygrosthyl
derivatives21 and 22%° respectively. Thus, glucal derive@2
methyleneO-glycosides23,” 24 and25>! were prepared frori,
galactose derive@-2-methyleneO-glycosides26,%® 27 and 28"

were obtained from22 by following the procedure for the

preparation of compoun8. (Table 1). Unlike in the case of 2-

0.0 hydroxymethyl arabinal derivative7, the Ferrier type
&7\ (Lk rearrangement a1 and22 with O-nucleophilic allyl alcohoH,
T o B0 ésn 3-butenyl alcohol5 and 4-pentenyl alcohob provided the
(90:10) corresponding C-2-methylenes-D-glycosides as the only
o products. No isolable amounts of th@-2-methylene3-D-
Bno‘\“‘&J\ % s B &L Bro" Lljv glycosides were obtained.
OBn OH OBn (85:15)

OBn
7 11

2-hydroxymethyl A~OH A~ OH

aOEN G QURYS KLU

71%
OBn

12 (70:30)

13

Scheme 1: Synthesis ofb-arabinose derive-2-methylene
O-glycoside derivatives.

Having a series ob-arabinose derived glycoside dierg&43
in hand, we proceeded to synthesize various bicyatietals
using ring closing metathesis reaction. Thus, allyl
arabinopyranoside$ and 9 upon treatment with Grubb’s"2

glycal

4
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generation catalyst (G-Il) provided the furo[&pyran
derivatives14 and15 as the only products respectively, in good
yield (Scheme 2). Similarly, 3-butenyl alcohol ded
arabinopyranoside derivativd® and 11 upon exposing to G-Il

provided the corresponding pyrano[2jfpyran derivatives16 Subjecting C-2-methylene allyl a-D-glucopyranoside23 to
and 17 respectively, again as the only products. HoweverRcM provided the furo[2,®jpyran 29 along with the olefin
subjecting the 4-pentenyl derived arabinopyranodiéo RCM  migrated furo[2,3]pyran 30 in 1:1 ratio in 61% vyield. On the
reaction using G-Il provided the dimerization protl® and N0 other hand,C-2-methylene 3-butenyb-D-glucopyranoside24
detectable amount of the expected pyranofffo3epinel8 was  ypon RCM with G-Il provided the expected pyrano[g}Byran
observed. Carrying out the reaction using Grubbgeneration  derivative 31 in 34% vyield along with a mixture of furo[2,3-
catalyst (G-I) also did not show any change in fireduct  pjpyran 30 and 2€-branched glycaB2 in 34%. Whereas, RCM

formation. Subjecting th@-isomer13 to G-I or G-Il mediated  of compound?5 using G-I or G-Il gave the dime3 (cis, trans
RCM reaction also lead to the formation of dir@®ras the only  (0.75:1) mixture) as the only isolable product (Stle 3).

isolable product (Scheme 2).

Table 1. Synthesis ob-glucose and-galactose derive@-2-
methyleneO-glycosides.



OBn OBn
0 .0
23 2 5 + /)
61%  BnO“ BnO™
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Scheme 3: Synthesis ofb-glucose derived furo/pyrano[2,3-
blpyran frameworks. Reagents and conditions: (a) G20
mol%), toluene, 86C. (b) G-I (20 mol%), toluene, SC.

The formation of the unexpected produgfsand32 from 24
could be explained by considering the following ploes
intermediates. It has been reported in the liteeathat terminal
olefins undergo olefin migration under the influenof Ru

catalysts? Thus,24 in the presence of Grubs Il might undergo

olefin migration producing the intermediate4a and 24b. 24a
upon RCM would produce the furo[2t$pyran 29 which could
undergo further olefin migration leading to thenfation of 30.
On the other hand, intermedid&4b could result in the formation
of 2-C-branched glycal 32 involving a 3,3-sigmatropic
rearrangement (Scheme 4).

olefin

olefin
migration mlgratlon
\H GHI \H
2 4a 24b
3,3-sigmatropic
RCM rearrangement
OBn i OBn 0Bn
olefin
O .0 migration O w0,
BnO" BnO"
OBn OBn

29

Scheme 4: Possible intermediates in the formation of furgf2
b]pyran30 and 2€-branched glycaB2 from 24.

Unexpectedly, the C-2-methylene o-D-galactopyranoside
derivatives26 and 28 upon exposing to G-Il provided only the
dimerization product$84 and 35, respectively, whereas tH&
lead to the formation of a complex mixture of progu(Scheme
5).

In view of synthesizing fully saturated furo[2)Rsyran and
pyrano[2,3b]pyran derivatives, compound$4 and 31 were
hydrogenated using Pd/C, in EtOH having a trace atnafuBtN
to provide bicyclic acetal86 and37, as single diastereomers in
excellent yield (Scheme 6).

OBn
OBn
a
K OBn
26 m» BnO 0] ..\\O\/\/\o\ 0
BnO
OBn 34
a
27 —>» Complex mixture
OBn
OBn
aorb
(e} \\\O\/\/\/\/\ S OBn
2 56 BnO . X o" O
BnO 35

OBn

Scheme 5: RCM reaction of galactose deriv€d2-methylene
a-D-galactopyranoside derivatives. Reagents and dondit (a)
G-l (20 mol%), toluene, 86C. (b) G-I (20 mol%), toluene, 80

°C.
0.0
BnO" Y

10% Pd/C, Hy, Et;N
_— >

H EtOH, 24 hr
OBn OBn
14 36 (88%)
)
BnO™ BnO™
37 (9 0%)

Scheme 6: Synthesis of fully saturated linearly fused biegc

To further extend the scope of the reaction we m@dnto
synthesize substituted furo[2i@pyran ring systems. Towards
this, 2-acetoxymethyl glucal derivativé8 upon reaction with
alcohol 39 in the presence of InClgave theC-2-methylene
glycoside 40 (as a single diastereomer in 25% isolated yield)
along with a mixture of all the diastereomers. Sciijg the
glycoside40 to G-Il mediated ring-closing metathesis allowed
the isolation of phenyl substituted furo[Z)Ryran derivativedl
as a single diastereomer (Scheme 7).

n o i;}k
Sy o

reflux 12h
OBn

- 50%
O “

Scheme 7. Synthesis of aryl substituted furo[2pyran
framework.

InCl3
_CHaClp

66%

mixture of
* diastereomers

3. Conclusion

In  conclusion, various C-2-methylene glycosides were
synthesized involving Ferrier type rearrangement 2f
hydroxymethyl glycals with different alkenols. Thetained
dienes were subjected to RCM reaction to providearety of
bicyclic acetal systems. These observations redetiat the
formation of furo[2,3b]pyran and pyrano[2,B}pyran systems is
reasonably facile in the case of arabinose andogki@erived
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dienes. Whereas, the synthesis of pyranofifpepine systems
was unsuccessful. Interestingly the galactose d@venes were
highly resistant to undergo RCM indicating the uigihce of the
stereochemistry on pyranose ring. Further apptocatdf the
developed methodology in the total synthesis ofirzétproducts
is in progress.

4, Experimental section

General methods: Chemicals and solvents were pumthas

from the local suppliers and Sigma-Aldrfchhemical company.
Solvents were used in the reactions after distilkeer the
dehydrating agents. All the reactions were carriedunaer N

atmosphere and monitored by the thin layer chrogratthy
(TLC) using silica gel on aluminum plates (&4 by charring

with 5% (v/v) SO, in methanol or by phosphomolybdic acid

(PMA) stain or by ultra violet (UV) detection. Siligcgel (100-
200 mesh) was used for column chromatography tdypaitithe

compounds. IR spectra were recorded on JASCO FT/IR-53

'H, C, DEPT spectra were recorded on Br{kdf0 and 500
Avance MHz spectrometer in CDCIH NMR chemical shifts
were reported in parts per million (ppmj) (with TMS as an
internal standard §( 0.00), and**C NMR were reported in
chemical shifts with solvent reference (CRG 77.00). High-

resolution mass spectra (HRMS) were recorded on BmkXis

ESI-TOF spectrometer.

4.1. General experimental procedure (A): Synthesis of C-2-
methylene-O-glycosides

A solution of 2-hydroxymethyl glycal
dichloromethane (10 mL) was treated with alkenad ¢hmol) in

the presence of 5 mol % InCIThe reaction mixture was stirre
at room temperature under nitrogen atmosphere for. ZAfter

completion of the reaction (monitored by TLC), tleaction was
quenched with water and extracted with chloroform E3Rra).

The combined organic layers were washed with brinatisal,

dried over anhydrous sodium sulfate, filtered anent
concentrated under reduced pressure. The crudeugirdbus
obtained was further purified by column chromatogsapsing

ethyl acetate: hexanes to give th&-methylene®-glycosides in
good to moderate yield.

4.2, General Experimental procedure (B): Synthesis of
furo/pyrano[ 2,3-b] pyrans using ring closing metathesis reaction

To a stirred solution of-2-methylene®-glycoside (0.15 mmol)
in anhydrous toluene (40 mL) at 80 °C under arg8rybb’s
second generation catalyst 20 mol% was added, anchitkture
was stirred at 80 °C for 6-12 hr. The reaction nmtwas bought
to room temperature and solvent was removed uncdirceel

(3 mmol) in

Hz), 4.36-4.37 (m, C4-H, 1H), 4.19-4.23 (m, C1-H), 4.03-
4.07 (m, C1-i 1H), 3.82-3.88 (m, C6-, 2H), 3.76 (m, C5-H,
1H). C NMR (CDCL, 100 MHz):6 140.7, 138.3, 138.2, 134.0,
128.3, 128.2, 127.8, 127.5, 127.5, 127.3, 117.2,9,1100.1,
76.1, 74.6, 71.4, 70.8, 68.1, 61.8. HRMS (ESI): dafor
Cy3H,60,+Na 389.1729 found 389.1727. Compoufild R = 0.5
(10% EtOAc/hexanesa]& +108.6 ¢ 0.65, CHC)); IR (neat):
3097, 3059, 3027, 2919, 2870, 1736, 1649, 16008,14844 crh

! 'H NMR (CDCk, 500 MHz):§ 7.26-7.41 (m, Ar-H, 10H),

€.88-5.978 (m, C2"H, 1H), 5.26-5.36 (m, C3-methyleheC3'-

H, 2H), 5.16-5.12 (m, C3-methyleng, HC3'-H,, 2H), 4.98 (s,
C2-H (anomeric), 1H), 4.74 (d, benzyl-CH, 1BH= 12.5 Hz),
4.63 (d, benzyl-CH, 1H) = 12.0 Hz), 4.5 (d, benzyl-CH, 1H,

= 12.5 Hz), 4.40 (d, benzyl-CH, 1d= 12.5 Hz), 4.22-4.29 (m,
C4-H, C6-H, 3H), 4.00-4.04 (m, C5-H, 1H), 3.58-3.62 (m, C1-
H. 1H), 3.52-3.55 (m, C1-§ 1H). *C NMR (CDC}, 100
MHz): § 139.9, 138.5, 138.1, 134.3, 128.3, 128.2, 12840,64,

o127.6, 127.3, 118.4, 116.5, 98.9, 75.4, 75.2, 76981, 67.9,

57.8. HRMS (ESI): calcd for GH,sO,+Na 389.1729 found
389.1729.

4.4, (2S4S 5R)-4,5-bis(benzyl oxy)-2-(but-3-en-1-yl oxy)-3-
methylenetetrahydro-2H-pyran (10) and (2R,4S5R)-4,5-

bi s(benzyl oxy)-2-(but-3-en-1-yl oxy)-3-methylenetetrahydr o-2H-
pyran (11)

Compound 10 and 11 were synthesized from glycal by
following the general experimental procedure A. Yiéa%o with
85:15 ratio, respectively as a colourless gum. Gamgd (0): R
= 0.5 (10% EtOAc/hexanes]e]d® -44.5 € 1.0, CHC)):; IR
(neat): 2917, 2866, 1723, 1666, 1496, 1453, 1360 &rhNMR

4 (CDCl, 400 MH2):5 7.28-7.40 (m, Ar-H, 10H), 5.78-5.88 (m,

C3-H, 1H), 5.37 (s, C3-methylene H1H), 5.32 (s, C3-
methylene i, 1H), 5.18 (s, C2-H (anomeric), 1H), 5.12 (d, C4*-
H.1H,J = 17.2 Hz), 5.05 (d, C4'H1H,J = 10.4 Hz), 4.74 (s,
benzyl-CH, 2H), 4.68 (d, benzyl-CH,1H,= 12.0 Hz), 4.55 (dd,
benzyl-CH, 1HJ = 12.0 Hz), 4.35 (s, C4-H, 1H), 3.86 (bs, C6-
Ha.p 2H), 3.75-3.86 (m, C1-4, 2H), 3.52-3.58 (m, C5-H, 1H),
2.38 (m, C2-H, 2H).®C NMR (CDC}k, 100 MHz):§ 141.0,
138.2, 138.2, 134.9, 128.2, 128.2, 127.9, 127.4.42127.3,
116.5, 111.8, 100.7, 76.1, 74.6, 71.3, 70.6, 668y, 33.9.
HRMS (ESI): calcd for H»g0,+Na 403.1885 found 403.1886.
Compound 11): R = 0.52 (10% EtOAc/hexanedx]& +76.7 €
1.0, CHCY); IR (neat): 2986, 2926, 2850, 1495, 1454, 1330.cm
'"H NMR (CDCE, 400 MHz):6 7.26-7.42 (m, Ar-H, 10H), 5.82-
5.92 (m, C3'-H, 1H), 5.31 (s, C3-methyleng kH), 5.14 (s, C3-
methylene K, 1H), 5.03-5.12 (m, C4-H, 2H), 4.95 (s, C2-H
(anomeric), 1H), 4.74 (d, benzyl-CH, 1Bi= 12.4 Hz), 4.64 (d,
benzyl-CH, 1HJ = 12.0 Hz), 4.54 (d, benzyl-CH, 1H,= 12.6
Hz), 4.39 (d, benzyl-CH, 1H] = 12.4 Hz), 4.23-4.28 (m, C4-H,

pressure. The obtained residue was purified by ocolumecg 2H), 3.78-3.84 (M, C6-H1H), 3.58-3.63 (M, C6-H1H)

chromatography on silica gel using ethyl acetatexahes as
eluent to provide the furo/pyrano[2ipyrans.

4.3. (254S5R)-2-(allyl oxy)-4,5-bis(benzyl oxy)-3-methylene
tetrahydro-2H-pyran (8) and (2R,4S,5R)-2-(allyloxy)-4,5-
bis(benzyl oxy)-3-methyl enetetrahydr o-2H-pyran (9)

Compound8 and9 were synthesized from glyc@lby following
the general experimental procedure A. Yield 76% with109
ratio, respectively as a colourless gum. Compo@hdR; = 0.48
(10% EtOAc/hexanes)la]# -57.9 € 1.0, CHC)); IR (neat):
3081, 3065, 3032, 2924, 2865, 1730, 1649, 15902 14919 cm
! 'H NMR (CDCk, 500 MHz): 6 7.26-7.38 (m, Ar-H, 10H),
5.89-5.97 (m, C2'-H, 1H), 5.37 (d, C3-methyleng tH,J= 1.5
Hz), 5.27-5.31 (m, C3-methylene,HC2-H (anomeric), 2H),
5.18-5.21 (m, C3-kh, 2H), 4.73 (s, benzyl-CH 2H), 4.67 (d,
benzyl-CH, 1HJ = 12.0 Hz), 4.54 (d, benzyl-CH, 1d,= 12.0

3.52-3.58 (m, C1'-H 1H), 3.45-3.51 (m, C1'{11H), 2.39-2.44
(m, C2-H,;, 2H). ®*C NMR (CDCE, 100 MHz):6 140.0, 138.5,
138.1, 135.3, 128.3, 128.1, 127.9, 127.6, 127.4,312118.2,
116.2,99.8, 75.4, 75.2, 70.3, 69.1, 67.1, 57.71.3RMS (ESI):
calcd for G4H,s0,+Na 403.1885 found 403.1887.

4.5, (254S5R)-4,5-bis(benzyl oxy)-3-methylene-2-(pent-4-en-1-
yloxy)tetrahydro-2H-pyran (12) and (2R 4S5R)-4,5-

bis(benzyl oxy)-3-methyl ene-2-(pent-4-en- 1-yl oxy)tetr ahydro-2H-
pyran (13)

Compound 12 and 13 were synthesized from glycal by
following the general experimental procedure A. Yiéldo with
70:30 ratio, respectively as a colourless gum. Gamgd (2): R
= 0.52 (10% EtOAc/hexanesje]lF -57.9 ¢ 1.0, CHCY); IR
(neat): 3057, 3030, 2920, 2860, 2350, 1726, 16@0011452,
1397 cnt. *H NMR (CDCk, 500 MHz):6 7.26-7.39 (m, Ar-H,



10H), 5.78-5.87 (m, C4'-H, 1H), 5.36 (s, C3-methyléhelH),
5.31 (s, C3-methylene JH1H), 5.14 (s, C2-H (anomeric), 1H),
4.98-5.08 (m, C5-K, 2H), 4.73 (s, benzyl-CKl 2H), 4.68 (d,
benzyl-CH, 1HJ = 12.5 Hz), 4.55 (d, benzyl-CH, 1H,= 12.5
Hz), 4.35 (s, C4-H, 1H), 3.85 (d, C6;512H,J = 3.0 Hz), 3.77
(d, C5-H, 1H,J = 3.0 Hz), 3.76 (dt, C1-H1H,J = 6.5 Hz,J =
9.5 Hz), 3.50 (dt, C1-{ 1H,J = 6.5 Hz,J = 9.5 Hz), 2.11-2.16
(m, C3-H,, 2H) 1.69-1.75 (m, C2-H, 2H). *C NMR (CDC},

5

Compound 16 was synthesized froni0 by following the
general experimental procedure B. Yield 71%, as lauckess
gum.R = 0.5 (20% EtOAc/hexanesla]f -13.5 € 1.0, CHCY);

IR (neat): 2917, 2863, 1729, 1609, 1501, 1444, 14387 tm".

'"H NMR (CDCk, 400 MHz):8 7.27-7.38 (m, Ar-H, 10H), 5.89
(d, C5-H, 1H,J = 4.4 Hz), 5.17 (s, C8a-H, 1H), 4.69 (d, benzyl-
CH, 1H,J = 12.4 Hz), 4.55 (d, benzyl-CH, 1H,= 12.0 Hz),
4.48 (d, benzyl-CH, 1H] = 12.8 Hz), 4.45 (d, benzyl-CH, 1H,

125 MHz): ¢ 141.0, 138.3, 138.3, 138.0, 128.2, 128.2, 127.77 12.8 Hz), 4.17 (d, C4-H, 1H,= 2.8 Hz), 4.02 (t, C2-|{ 1H,J

127.4, 127.3, 114.7, 111.7, 100.9, 76.3, 74.8,,71037, 67.1,
61.8, 30.2, 28.7. HRMS (ESI): calcd foss8300,+Na 417.2042
found 417.2038. Compound 13): R = 0.54 (10%
EtOAc/hexanes). [a]§ +81.1 € 1.0, CHC)); IR (neat): 2931,
2865, 1638, 1490, 1452, 1205 ¢mH NMR (CDCk, 500 MHz):
d 7.26-7.41 (m, Ar-H, 10H), 5.77-5.85 (m, C4-H, 1H),& 3,
C3-methylene § 1H), 5.11 (s, C3-methylene,HLH), 5.01 (dd,
C5-H,, 1H,J= 1.0 Hz,J = 17.0 Hz), 4.95 (dd, C5'411H,J =

1.0 Hz,J = 10. Hz), 4.93 (s, C2-H (anomeric), 1H), 4.74 (d, 1H

benzyl-CH,J = 12.5 Hz), 4.64 (d, benzyl-CH, 1d= 12.0 Hz),

4.54 (d, benzyl-CH, 1H] = 12.0 Hz), 4.40 (d, benzyl-CH, 1H,
= 12.0 Hz), 4.20-4.24 (m, C4-H, C5-H, 2H), 3.75-3.80 ¢d,-

H, 1H), 3.59-3.62 (m, C6-tlLH), 3.53 (dd, C6-K 1H,J = 5.0

Hz, J = 11.0 Hz), 3.41-3.45 (m, C1'sHdH), 2.09-2.20 (m, C3"-
Hap 2H), 1.68-1.75 (m, C2-4, 2H). °*C NMR (CDC}, 125

MHz): § 140.3, 138.6, 138.3, 138.2, 128.3, 128.2, 12729.64,

127.6, 127.2, 117.9, 114.6, 99.9, 75.7, 75.4, 7692, 67.0,
57.8, 30.3, 20.8. HRMS (ESI): calcd fopsH3:0,+Na 417.2042
found 417.2044.

4.6. (4S5R,7a9)-4,5-bis(benzyl oxy)-4,5,6,7a-tetrahydro-2H-
furo[2,3-b] pyran (14)

Compoundl4 was synthesized fror@ by following the general
experimental procedure B. Yield 77%, as a colour{gsa.R; =
0.48 (30% EtOAc/hexanes). Ifeat): 2908, 2866, 1600, 1473,
1362 cnt. 'H NMR (CDCk, 500 MHz):6 7.28-7.35 (m, Ar-H,
10H), 5.98 (s, C7a-H, 1H), 5.83 (d, C3-H, 1H; 2.0 Hz), 5.80-
5.81 (m, C2-H, 2H), 4.74 (d, benzyl-CH, 1H] = 12.5 Hz),
4.59 (d, benzyl-CH, 1H) = 12.0 Hz), 4.57 (d, C6-H1H,J =
5.0 Hz), 4.50 (d, benzyl-CH, 1H,= 12.0 Hz), 4.89 (d, benzyl-
CH, 1H,J = 12.5 Hz), 4.02 (t, C5-H, 1H,= 11.0 Hz), 3.85 (dd,
C6-H,, 1H,J = 5.0 Hz,J = 11.5 Hz), 3.56-3.60 (m, C5-H, 1H).
¥*C NMR (CDCk, 125 MHz): 6 137.8, 137.7, 136.2, 128.4,
128.0, 127.8, 127.8, 127.7, 126.4, 105.0, 76.62,780.9, 70.8,
70.2, 62.3. HRMS (ESI): calcd for,1,,0,+#Na 361.1416 found
361.1418.

4.7. (4S5R,7aR)-4,5-bis(benzyloxy)-4,5,6, 7a-tetrahydro-2H-
furo[ 2,3-b] pyran (15)

Compoundl5 was synthesized frof by following the general
experimental procedure B. Yield 81%, as a colourigss.R; =
0.4 (30% EtOAc/hexanes)z] +27.6 € 0.5, CHCY); IR (neat):
2923, 2849, 1597, 1501, 1352 ¢mMH NMR (CDCh, 400 MHz):
6 7.28-7.41 (m, Ar-H, 10H), 6.12 (s, C7a-H, 1H), 5.53@8:H,
1H,J = 4.4 Hz), 4.94-4.97 (m, C2:H1H), 4.82 (d, benzyl-CH,
1H, J = 12.8 Hz), 4.79 (d, C2+;1 1H, J = 8.4 Hz), 4.76 (d,
benzyl-CH, 1HJ = 12.8 Hz), 4.68 (d, benzyl-CH, 1H,= 12.4
Hz), 4.63 (d, benzyl-CH, 1H] = 12.4 Hz), 4.22 (s, C4-H, 1H),
4.09 (dd, C6-H 1H,J = 1.6 Hz,J = 13.2 Hz), 3.74 (s, C5-H,
1H), 3.41 (d, C6-K 1H,J = 13.2)."*C NMR (CDC}, 100 MHz):
0 138.2, 137.8, 136.1, 128.4, 128.3, 128.0, 12727.6, 127.3,
121.6, 107.3, 76.0, 73.6, 71.3, 70.7, 63.7. HRMS){E&lcd for
C,;H,04+Na 361.1416 found 361.1419.

4.8. (3R,4S,8a9)-3,4-his(benzyloxy)-2,3,4,6,7,8a-hexahydro
pyrano[ 2,3-b] pyran (16)

= 10.8 Hz), 3.89 (dd, C7-H1H,J = 5.2 Hz,J = 11.2 Hz), 3.84
(dd, C7-H, 1H,J = 4.8 Hz,J = 11.2 Hz), 3.73-3.79 (dt, C2;H
1H,J = 3.2 Hz,J = 10.8 Hz), 3.55 (ddd, C3-H, 1d= 3.2 Hz,J
= 4.8 Hz,J = 10.4 Hz), 2.27-2.40 (m, C6zH1H), 1.89-1.96 (m,
C6-H,, 1H). **C NMR (CDC}L, 100 MHz):6 138.0, 132.7, 128.3,
128.3, 127.9, 127.7, 1276, 127.5, 126.2, 92.1,, 78540, 70.6,
69.4, 63.3, 59.8, 24.3. HRMS (ESI): calcd fost,O,+Na
375.1572 found 375.1571.

'4.9. (3R,4S,8aR)-3,4-bis(benzyloxy)-2,3,4,6,7,8a-hexahydro

pyrano[ 2,3-b] pyran (17)

Compoundl7 was synthesized frorhl by following the general
experimental procedure B. Yield 68%, as a colour{gsa.R; =
0. 5 (30% EtOAc/hexanes)a]d +60.2 € 1.0, CHCY); IR
(neat): 2922, 2852, 1718, 1496, 1453, 1397, 1353 &thNMR
(CDCls, 400 MHz):6 7.26-7.41 (m, Ar-H, 10H), 6.20 (d, C5-H,
1H,J = 6.0 Hz), 4.83 (d, benzyl-CH, 1H,= 12.8 Hz), 4.82 (s,
C8a-H, 1H), 4.76 (d, benzyl-CH, 1H,= 11.2 Hz), 4.61 (d,
benzyl-CH, 1HJ = 12.4 Hz), 4.56 (d, benzyl-CH, 1d,= 12.4
Hz), 4.12 (dd, C2-H 1H,J = 1.6 Hz,J = 13.2 Hz), 4.00 (s, C4-
H, 1H), 3.95 (dd, 1H, C7-51J= 2.8 Hz,J = 10.8 Hz), 3.89 (dd,
C7-H,, 1H,J = 4.8 Hz,J = 10.8 Hz), 3.69 (s, C3-H, 1H), 3.42 (d,
C2-H,, 1H, J = 13.2 Hz), 2.30-2.37 (m, C6z;H1H), 2.04-2.10
(m, C6-H,, 1H). **C NMR (CDCk, 100 MHz):6 138.4, 138.0,
132.1, 128.4,128.2, 127.8, 127.6, 127.5, 127.9,7104.6, 78.1,
73.2, 71.0, 70.9, 64.1, 60.7, 24.2. HRMS (ESI): d¢afor
C,,H,404+Na 375.1572 found 375.1572.

4.10. (E)-1,8-bis(((2S4S,5R)-4,5-bis(benzyl oxy)-3-
methylenetetrahydro-2H-pyran-2-yl)oxy)oct-4-ene (19)

Compoundl9 was synthesized frof2 by following the general
experimental procedure B. Yield 56%, as a colour{gsa. R; =
0.4 (20% EtOAc/hexanes)a]# -40.0 € 0.66, CHC)); IR
(neat): 2915, 2843, 1731, 1654, 1446, 1358".cth NMR
(CDCls, 500 MHz):6 7.29-7.39 (m, Ar-H, 20H), 5.41 (t, C4'-H,
2H, J = 3.5 Hz), 5.34 (s, C3-methylene,H2H), 5.30 (s, C3-
methylene K, 2H), 5.13 (s, C2-H (anomeric), 2H), 4.72 (s,
benzyl-CH, 4H), 4.67 (d, benzyl-CH, 2H,= 12.0 Hz), 4.54 (d,
benzyl-CH, 2H,J = 12.0 Hz), 4.33 (s, C4-H, 2H), 3.84 (bs, C6-
Hap 4H), 3.75-3,78 (m, C5-H, 2H), 3.68-3.72 (m, C1,-BH),
3.45-3.48 (m, C1'-H 2H), 2.04-2.06 (m, C3"-H, 4H), 1.63-1.69
(m, C2-H,;, 4H). ®*C NMR (CDCE, 125 MHz):6 141.1, 138.4,
138.3, 130.0, 128.3, 128.3, 127.8, 127.5, 127.5,.4,2111.8,
100.9, 76.3, 74.9, 71.4, 70.7, 67.3, 61.9, 29.61.29HRMS
(ESI): calcd for GgHs¢Og+Na 783.3873 found 783.3873.

4.11. (E)-1,8-bis(((2R,4S,5R)-4,5-bis(benzyl oxy)-3-
methylenetetr ahydro-2H-pyran-2-yl)oxy)oct-4-ene (20)

Compound20 was synthesized frot3 by following the general
experimental procedure B. Yield 45%, as a colourigss.R; =
0.45 (20% EtOAc/hexanes). Ifeat): 3043, 2921, 2700, 2551,
1651, 1593 ci. *H NMR (CDCk, 400 MHz):6 7.30-7.42 (m,
Ar-H, 20H), 5.37 (t, C4-H, 2HJ = 3.6 Hz), 5.30 (d, C3-
methylene CH 2H,J = 4.0 Hz ), 5.12 (s, C3-methylene GH
2H), 4.92 (s, C2-H (anomeric), 2H), 4.75 (d, benzi;QH, J =
12.0 Hz), 4.64 (d, benzyl-CH, 2Hd,= 12.0 Hz), 4.54 (d, benzyl-
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CH, 2H,J = 12.0 Hz), 4.40 (d, benzyl-CH, 2H,= 12.4 Hz),
4.18-4.24 (m, C4-H, C5-H, 4H), 3.76 (dt, Cl;;2H,J = 6.8 Hz,
J=13.2 Hz), 3.58-3.63 (m, C652H), 3.53 (dd, C6-K 2H,J =
4.0 Hz,J = 10.0 Hz), 3.41 (dt, C1'12H,J= 6.4 Hz,J= 12.4
Hz), 2.04-2.13 (m, C3"-, 4H), 1.65-1.70 (m, C2"-H, 4H).130

NMR (CDCl, 100 MHz):6 140.2, 138.6, 138.3, 130.0, 128.3,

128.2, 127.9, 127.7, 127.6, 127.3, 118.1, 99.9,765.3, 70.3,
69.1, 67.1, 57.8, 29.5, 29.2. HRMS (ESI): calcdGaHsOs+Na
783.3873 found 783.3871.

4.12. (2S4R,5S,6R)-2-(allyl oxy)-4,5-bis(benzyl oxy)-6-
((benzyl oxy)methyl)-3-methylenetetrahydro-2H-pyran (23)

Compound23 was synthesized from glycall by following the
general experimental procedure A. Yield 78% as autdss
gum. R = 0.45 (10% EtOAc/hexanesjz]& +31.4 € 1.0,
CHCy); IR (neat): 2910, 2863, 1647, 1552, 1492, 1448.Chi-
NMR (CDCL, 500 MHz):6 7.18-7.43 (m, Ar-H, 15H), 5.91-6.01
(m, C2'-H, 1H), 5.31-5.36 (m, C3-methylene £i&3'-H, 2H),
5.26 (s, C3-methylene GH1H), 5.26 (d, C3-K 1H,J = 10.5
Hz), 5.20 (s, C2-H (anomeric), 1H), 4.92 (d, benzyl-QH, J =
10.8 Hz), 4.81 (d, benzyl-CH, 1Hd,= 11.6 Hz), 4.75 (d, benzyl-
CH, 1H,J = 11.2 Hz), 4.68 (d, benzyl-CH, 1H,= 12.4 Hz),
4.54 (d, benzyl-CH, 1H] = 12.4 Hz), 4.53 (d, benzyl-CH, 18,
= 10.4 Hz), 4.51 (dt, C4-H, 1H,= 2.0 Hz, 9.2 Hz), 4.21 (ddt,
C1-H, 1H,J= 2.8 Hz,J= 5.2 Hz,J = 13.2 Hz), 4.06 (ddt, C1'-
Hy, 1H,J= 1.2 Hz,J = 4.8 Hz,J = 12.8 Hz), 4.02 (ddd, C6-H,
1H, J = 2.0 Hz,J = 4.0 Hz,J = 10.0 Hz), 3.81 (dd, C6-
methylene i, 1H,J = 4.4 Hz,J = 10.8 Hz), 3.72 (dd, C6-
methylene | 1H,J= 2.0 Hz,J = 10.4 Hz), 3.66 (dd, C5-H, 1H,
J= 9.2 Hz,J = 9.6 Hz). ®*C NMR (CDCk, 100 MHz):5 142.2,
138.2, 138.0, 133.8, 128.3, 128.2, 127.8, 127.7,.6,2127.6,
127.5, 127.5, 117.3, 110.5, 100.4, 81.1, 79.9,,7434, 73.3,
71.5, 68.7, 67.6. HRMS (ESI): calcd. fors;B3:0s +NH,"
504.2750; found 504.2755.

4.13. (2S4R,5S,6R)-4,5-bis(benzyl oxy)-6-((benzyl oxy)methyl)-2-
(but-3-en-1-yloxy)-3-methylenetetrahydro-2H-pyran (24)

Compound24 was synthesized from glycall by following the
general experimental procedure A. Yield 75% as autdes
gum. R = 0.5 (10%, EtOAc/hexanes)alf +25.0 ¢ 1.0,
CHCly); IR (neat): 2910, 2863, 1647, 1552, 1492, 148531cm
' '"H-NMR (CDCk, 500 MHz ):d 7.20-7.44 (m, Ar-H, 15H),
5.82-5.90 (m, C3'-H, 1H), 5.34 (s, C3-methylene,CHH), 5.22
(s, C2-H (anomeric), 1H), 5.19 (s, C3-methylene,CHH), 5.14
(dd, C4'-H, 1H,J = 1.5 Hz,J = 4.5 Hz), 5.08-5.10 (m, C4'{H
1H), 4.92 (d, benzyl-CH, 1H] = 10.5 Hz), 4.82 (d, benzyl-CH,
1H,J= 11.5 Hz), 4.76 (d, benzyl-CH, 1= 11.5 Hz), 4.68 (d,
benzyl-CH, 1HJ = 12.5 Hz), 4.55 (d, benzyl-CH, 1d,= 12.0
Hz), 4.53 (d, benzyl-CH, 1H = 11.0 Hz), 4.48 (dt, C4-H, 1H,
= 2.0 Hz,J = 9.0 Hz), 4.00 (ddd, 1H, C6-H,= 2.0 Hz,J= 3.5
Hz,J= 9.5 Hz), 3.81 (dd, C6-methyleng,HH,J = 4.0 Hz,J =
10.5 Hz), 3.76 (dt, C1-H1H,J= 7.5 Hz,J = 9.5 Hz), 3.73 (dd,
C6-methylene | 1H,J = 2.0 Hz,J = 12.0 Hz), 3.66 (t, C5-H,
1H, J = 9.5 Hz), 3.56 (dt, C1'-H 1H,J = 7.0 Hz,J = 9.5 Hz),
2.39-2.43 (m, C2-K, 2H).®*C NMR (CDCk, 125 MHz): ¢
142.0, 138.2, 138.2, 138.0, 134.8, 128.3, 128.8.3,2128.2,
127.9, 127.9, 127.8, 127.6, 116.6, 110.4, 101.21,819.9, 74.9,
73.3, 73.3, 71.5, 68.7, 66.5, 33.9. HRMS (ESI): d¢afor
C;,H3¢05+Na 523.2460 found 523.2464.

4.14. (2S4R,5S,6R)-4,5-bis(benzyl oxy)-6-((benzyl oxy)methyl)-2-
(pent-4-en-1-yloxy)-3-methyl enetetrahydro-2H-pyran (25)

Compound25 was synthesized from glycall by following the
general experimental procedure A. Yield 69% as autdes
gum R = 0.52 (10% EtOAc/hexanes)]«]g +24.4 € 1.0,

CHCL); IR (neat): 3024, 2958, 2926, 2865, 1720, 1638, 1490,

1446, 1358 cm. 'H NMR (CDCk, 400 MHz):6 7.26-7.47 (m,
Ar-H, 15H), 5.84-5.94 (m, C4"-H, 1H), 5.38 (s, C3-meting H,
1H), 5.25 (s, C3-methylene,H1H), 5.23 (s, C2-H (anomeric),
1H), 5.06-5.16 (m, C5-H, 2H), 4.96 (d, benzyl-CH, 1H] =
10.8 Hz), 4.87 (d, benzyl-CH, 1d= 11.2 Hz), 4.81 (d, benzyl-
CH, 1H,J = 11.2 Hz), 4.72 (d, benzyl-CH, 1H,= 12.0 Hz),
4.58 (d, benzyl-CH 2H,J = 11.6 Hz), 4.55 (d, C4-H, 1H] =
6.8 Hz), 4.04-4.06 (m, C6-H, 1H), 3.72-3.89 (m, C6hylene
Hap C1'-H, C5-H, 4H) 3.51-3.56 (m, C1'H1H), 2.21 (m, C3"-
Hap 2H), 1.77-1.80 (m, C2-4, 2H). *C NMR (CDC}, 100
MHz): 6 142.4, 138.2, 138.1, 138.0, 137.9, 128.3, 1288,1,
127.8,127.7,127.6, 127.5, 127.4, 114.7, 110.2,2181.1, 79.9,
74.8, 73.3, 71.4, 68.6, 66.5, 30.2, 28.5. HRMS (E&)cd for
CaaHag0s +Na 537.2617 found 537.2619.

4.15. (2S4R,5R,6R)-2-(allyl oxy)-4,5-bis(benzyl oxy)-6-
((benzyl oxy)methyl)-3-methylenetetrahydro-2H-pyran (26)

Compound26 was synthesized from glycaR by following the
general experimental procedure A. Yield 71% as autdss
gum.R; = 0.62 (20% EtOAc/hexanes)]F +9.4 € 1.0, CHCY);
IR (neat): 2907, 2863, 1644, 1558, 1533, 1501, 14816, 1365
cm'. 'H NMR (CDCk, 500 MHz):6 7.26-7.43 (m, Ar-H, 15H),
5.93-6.00 (m, C2'-H, 1H), 5.47 (t, C3-methyleng tH,J= 2.0
Hz), 5.29-5.34 (m, C3'-f1 C3-methylene | C2-H (anomeric),
3H), 5.22 (dd, C3-K 1H,J = 1.5 Hz,J = 10.5 Hz), 4.96 (d,
benzyl-CH, 1HJ = 12.0 Hz), 4.76 (d, benzyl-CH, 1d,= 12.0
Hz), 4.70 (d, benzyl-CH, 1H] = 12.0 Hz), 4.66 (d, benzyl-CH,
1H,J= 12.0 Hz), 4.53 (d, benzyl-CH, 14~ 12.0 Hz), 4.49 (d,
C4-H, 1H, 2.0 Hz), 4.45 (d, benzyl-CH, 18i= 11.5 Hz), 4.25
(ddt, C1-H, 1H,J = 1.5 Hz,J = 5.5 Hz,J = 11.5 Hz), 4.20 (t,
C6-H, 1H,J= 6.5 Hz), 4.09 (ddt, C1'{11H,J= 1.5 Hz,J= 6.0
Hz,J = 11.5 Hz), 4.05 (d, C5-H, 1H,= 2.0 Hz), 3.62 (dd, C6-
methylene H,, 2H,J = 3.0 Hz,J = 6.0 Hz)."°C NMR (CDCl,

125 MHz): ¢ 140.7, 138.6, 138.3, 138.0, 134.0, 128.3, 128.2,

128.0, 127.6, 127.5, 127.4, 127.4, 127.0, 117.2,411100.6,
78.1, 75.4, 73.9, 73.3, 71.6, 70.7, 69.3, 67.7. HRESI): calcd
for C;3;H3,05+Na 509.2304 found 509.2304.

4.16. (2S4R,5R,6R)-4,5-bis(benzyl oxy)-6-((benzyl oxy) methyl)-2-
(but-3-en-1-yloxy)-3-methylenetetr ahydro-2H-pyran (27)

Compound27 was synthesized from glycaR by following the
general experimental procedure A. Yield 77% as auwtdes
gum. R = 0.52 (20% EtOAc/hexanes[a]f +12.1 € 1.0,
CHCL); IR (neat): 2920, 2866, 1641, 1492, 1451, 1353.ciH
NMR (CDCl, 500 MHz):6 7.27-7042 (m, Ar-H, 15H), 5.80-5.88
(m, C3-H, 1H), 5.45 (s, C3-methylene, HH), 5.29 (s, C3-
methylene H,1H), 5.25 (s, C2-H (anomeric), 1H), 5.12 (d, C4'-
H, 1H,J= 17.0 Hz), 5.07 (d, C4'{11H, J = 10.0 Hz), 4.95 (d,
benzyl-CH, 1HJ = 12.0 Hz), 4.76 (d, benzyl-CH, 1H,= 12.0
Hz), 4.69 (d, benzyl-CH, 1H] = 12.0 Hz), 4.66 (d, benzyl-CH,
1H, J = 12.0 Hz), 4.52 (d, benzyl-CH, 1H,= 11.5 Hz), 4.44-
4.46 (m, benzyl-CH, C4-H, 2H), 4.16 (t, C6-H, 1H, 6.0 HEp2
(bs, C5-H, 1H), 3.73-3.78 (m, C1sHlH), 3.54-3.61 (m, C6-
methylene H, C1-H, 3H), 2.40 (m, C2-k,2H). °C NMR
(CDCls, 125 MHz): 6 140.9, 138.6, 138.4, 138.1, 135.0, 128.3,
128.3, 128.0, 127.6, 127.6, 127.5, 127.4, 127.5.5,1111.2,
101.4, 78.1, 75.5, 74.0, 73.4, 71.6, 70.7, 69.35,683.9. HRMS
(ESI): calcd for GH360s+Na 523.2460 found 523.2461.

4.17. (2S4R,5R,6R)-4,5-bis(benzyl oxy)-6-((benzyl oxy) methyl)-2-
(pent-4-en-1-yloxy)-3-methyl enetetrahydro-2H-pyran (28)

Compound28 was synthesized from glycaR by following the
general experimental procedure A. Yield 72% as autdes
gum.R: = 0.52 (10% EtOAc/hexaned)] & +0.8 € 1.0, CHCY);



IR (neat): 3057, 3024, 2904, 2356, 1726, 1452, 13585 tni".
'"H NMR (CDCk, 400 MHz):6 7.27-7.40 (m, Ar-H, 15H), 5.79-
5.90 (m, C4'-H,1H), 5.45 (s, C3-methyleng HH), 5.29 (s, C2-
H (anomeric), 1H), 5.23 (s, C3-methyleng HH), 4.94-5.08 (m,
C5'-H,, 2H), 4.75 (d, benzyl-CH, 1H] = 12.0 Hz), 4.69 (d,
benzyl-CH, 1HJ = 12.0 Hz), 4.66 (d, benzyl-CH, 1d,= 11.2
Hz), 4.60 (d, benzyl-CH, 1H] = 11.6 Hz), 4.52 (d, benzyl-CH,
1H,J= 12.0 Hz), 4.46 (s, C4-H, 1H), 4.44 (d, benzyl-CH, IH,
= 12.0 Hz), 4.14 (t, C6-H, 1Hl = 8.0 Hz), 4.03 (s, C5-H, 1H),
3.44-3.75 (m, C6-methylene §l C1-H,,, 4H), 2.12-2.17 (m,
C3-H,, 2H), 1.68-1.77 (m, C2'-43, 2H).130 NMR (CDCE, 100
MHz): § 141.1, 138.7, 138.4, 138.1, 138.1, 128.5, 1288.3,
128.1, 127.8, 127.6, 127.5, 127.2, 114.8, 111.3,6.0/8.1, 75.5,
74.0, 73.4, 71.6, 70.7, 69.4, 66.7, 30.4, 28.7. HRHESI): calcd
for Cs3H350s+Na 537.2617 found 537.2618.

4.18. (4R,55,6R,7aS)-4,5-bis(benzyl oxy)-6-((benzyl oxy)methyl)-
4,5,6,7a-tetrahydro-2H-furo[ 2,3-b] pyran (29) and
(3aR4R,5S 6R, 7aS)-4,5-bis(benzyl oxy)-6-((benzyl oxy)methyl)-
4,5,6,7a-tetrahydro-3aH-furo[ 2,3-b] pyran (30)

Compound29 and 30 weresynthesized fron23 by following the
general experimental procedure B. Yield 61% with 80c&tio,
respectively as a colourless gum. Compoul8): (R = 0.4 (20%
EtOAc/hexanes)le]d +77.2 € 0.45, CHC)); IR (neat): 3062,
3029, 2862, 1790, 1733, 1670, 1496, 1453, 13627 t32". 'H
NMR (CDCls, 400 MHz):d 7.16-7.41 (m, Ar-H, 15H), 6.23 (d,
C7a-H, 1H,J = 1.2 Hz), 6.20-6.22 (m, C3-H, 1H,= 2.4 Hz),
4.71-4.80 (m, C4-H, 2H), 4.63 (m, benzyl-CH, C4-H, 2#{6
(d, benzyl-CH, 1HJ = 11.6 Hz), 4.54 (d, benzyl-CH, 1H,=
12.4 Hz), 4.43 (d, benzyl-CH, 1H,= 11.6 Hz), 4.39-4.42 (m,
benzyl-CH, 2H), 3.88 (dd, C8-K 1H,J = 1.6 Hz,J = 8.8 Hz),
3.70 (m, C8-K, C5-H, 2H), 3.62 (dt, C6-H, 1H, = 3.6Hz,J =
9.2 Hz)."®*C NMR (CDCL, 100 MHz):§ 138.2, 137.5, 137.5,
134.4, 130.7, 128.4, 128.3, 128.2, 127.9, 127.8,.8,2127 .4,
104.4, 79.6, 76.0, 74.9, 73.3, 72.2, 71.7, 70.43.68HRMS
(ESI): calcd for
Compound 30): R = 0.6 (20% EtOAc/hexaned)x]§ +35.0 €

1.0, CHC); IR (neat): 2917, 2850, 1619, 1596, 1492, 1448,

1362, 1258 ci. 'H NMR (CDCk, 400 MHz):6 7.20-7.39 (m,

GoH3OstNa 481.1991 found 481.1991.

7
C3-H, 2H), 3.78-3.87 (m, C7-C2-H, C2-methylene t3H),
3.62-3.72 (m, C7-H C2-methylene K 2H), 2.23-2.32 (m, C6-
Hs, 1H), 2.13-2.21 (m, C64 1H). *C NMR (CDCk, 100
MHz): 6 138.3, 137.9, 137.6, 131.9, 130.1, 128.4, 1288,2,
127.9, 127.9, 127.8, 127.7, 127.7, 127.4, 92.47,810.5, 74.0,
73.3, 71.4, 69.6, 69.0, 60.6, 25.0. HRMS (ESI):caafor
C3oH3,05+Na 495.2147 found 495.2148. Compounds) (and
(32): Obtained as an inseparable mixtulg. = 0.62 (20%
EtOAc/hexanes)IR (neat): 3066, 3028, 2917, 2866, 1721, 1496,
1453, 1361, 1263 ch Compound32: HRMS (ESI): calcd for
CsH3¢05+Na 523.2460 found 523.2460.

4.20. (E,2)-1,8-bis(((2S4R,5S,6R)-4,5-bis(benzyl oxy)-6-
((benzyl oxy)methyl)-3-methyl enetetrahydro-2H-pyran-2-
yl)oxy)oct-4-ene (33).

Compound33 (as acis, trans mixture) was synthesized fron25
by following the general experimental procedure BIYi62% as
a colourless gumR; = 0.54 (20% EtOAc/hexanes). IfReat):
3063, 3030, 2926, 2854, 1956, 1720, 1490, 14528 35" 'H
NMR (CDCl, 500 MHz):6 7.15-7.39 (m, Ar-H, 30H), 5.42 (t,
C4'-H, 1H,J = 3.5 Hz), 5.38 (t, C4-H, 1H,= 4.5 Hz), 5.29 (s,
C3-methylene H 2H), 5.13 (bs, C3-methylene ,HC2-H
(anomeric), 4H), 4.87 (d, benzyl-CH, 2Bi= 10.5 Hz), 4.78 (d,
benzyl-CH, 2HJ = 11.5 Hz), 4.71 (d, benzyl-CH, 2H,= 11.0
Hz), 4.63 (d, benzyl-CH, 2H] = 12.0 Hz), 4.51 (d, benzyl-CH,
2H,J = 12.5 Hz), 4.50 (d, benzyl-CH, 2d= 12.0 Hz), 4.44 (d,
C4-H, 2H,J = 9.0 Hz), 3.92-3.95 (m, C6-H, 2H), 3.74-3.77 (m,
C6-methylene H 2H), 3.63-3.69 (m, C6-methyleng,HC1'-H,
4H), 3.61 (t, C5-H, 2HJ = 9.5 Hz), 3.40-3.45 (m, C1';H2H),
2.01-2.12 (m, C3'-k}, 4H), 1.65 (quin, C2'-K, 4H,J = 7.0 Hz).
®C NMR (CDCL, 125 MHz): 6 142.6, 138.4, 138.4, 138.2,
130.0, 129.5, 128.4, 128.3, 128.3, 127.9, 127.4,.7,2127.6,
127.6, 127.5, 110.2, 101.4, 81.3, 80.1, 74.9, 7346, 68.9,
66.7, 29.4, 29.1. HRMS (ESI): calcd forg87,0:6+NH,"
1018.5469 found 1018.5461.

4.21. (E)-1,4-bis(((2S4R,5R,6R)-4,5-bis(benzyl oxy)-6-
((benzyl oxy)methyl)-3-methyl enetetrahydro-2H-pyran-2-
yl)oxy)but-2-ene (34)

Ar-H, 15H), 6.53 (t, C2-H, 1H] = 2.8 Hz), 6.02 (d, C7a-H, 1H, Compound34 wassynthesized fron26 by following the general
J=8.4 Hz), 5.00 (t, C3-H, 1Hl = 2.8 Hz), 4.65 (s, benzyl-GH  experimental procedure B. Yield 49%, as a colourtgss.R; =
2H), 4.63 (d, benzyl-CH, 1H = 12.4 Hz), 4.62 (d, benzyl-CH, 0.4 (20% EtOAc/hexanesx]# +9.5 € 1.0, CHCY); IR (neat):
1H, J = 12.0 Hz), 4.59 (d, benzyl-CH, 1H, 12.0 Hz), 4.46 (d,2923, 2857, 1720, 1498, 1451, 1368cfiH NMR (CDClk, 500
benzyl-CH, 1H,J = 11.6 Hz), 3.88-3.91 (m, C6-H, 1H), 3.73- MHz): § 7.27-7.39 (m, Ar-H, 30H), 5.82 (t, C2"-H, 2B= 2.5

3.77 (m, C4-H, C5-H, 2H), 3.69-3.70 (m, C&H2H), 3.25
(ddd, C3a-H, 1HJ) = 2.4 Hz,J = 4.8 Hz,J = 10.4 Hz).*C NMR

Hz), 5.43 (t, C3-methylen H2H, J = 1.5 Hz), 5.27 (s, C3-
methylen H, 2H), 5.24 (s, C2-H (anomeric), 2H), 4.92 (d,

(CDCl,, 100 MHz): 6 146.1, 138.1, 138.0, 137.9, 128.4, 128.3,benzyl-CH, 2H,J = 12.0 Hz), 4.72 (d, benzyl-CH, 2d.= 12.0

128.2, 127.8, 127.7, 127.7, 127.7, 127.5, 102.3,11(09.1, 75.5,
73.3, 72,5, 71.7, 71.0, 69.5, 43.7. HRMS (ESI): a¢afor
CygH300s5+Na 481.1991 found 481.1991.

4.19. (2R,354R,8aS)- 3,4-bi s(benzyl oxy)-2-((benzyl oxy) methyl)-
2,3,4,6,7,8a-hexahydropyrano[ 2,3-b] pyran (31), (30) and 2-
(((2R,354R)-3,4-bi s(benzyl oxy)-2-((benzyl oxy) methyl)-3,4-
dihydro-2H-pyran-5-yl)methyl)butanal (32)

Compound 31 and (30+32) were synthesized from24 by
following the general experimental procedure B. Yieg¥% with
50:50 ratio, respectively as a colourless gum. Gamgd @1): R
= 0.42 (20% EtOAc/hexanesja]# +48.3 € 0.8, CHCY): IR
(neat): 3024, 2891, 2860, 1723, 1663, 1501, 1438311328
cm®. 'H NMR (CDCE, 400 MHz):6 7.15-7.38 (m, Ar-H, 15H),
6.06 (t, C5-H, 1H,) = 3.2 Hz), 5.44 (d, C8a-H, 1H,= 1.2 Hz),
4.64 (d, benzyl-CH, 1H] = 12.4 Hz), 4.62 (d, benzyl-CH, 1H,
= 12.0 Hz), 4.57 (d, benzyl-CH, 1H, = 12.4 Hz), 4.50 (d,
benzyl-CH, 1HJ = 11.6 Hz), 4.39 (d, benzyl-CH, 1H,= 11.6
Hz), 4.36 (d, benzyl-CH, 1H] = 12.0 Hz), 3.93-3.97 (m, C4-H,

Hz), 4.65 (d, benzyl-CH, 2H] = 10.5 Hz), 4.63 (d, benzyl-CH,
2H,J= 12.0 Hz), 4.48 (d, benzyl-CH, 2d= 11.5 Hz), 4.44 (d,
C4-H, 2H,J = 2.5 Hz), 4.41 (d, benzyl-CH, 2H,= 12.0 Hz),

4.18 (dd, C1'-H 2H,J = 2.5 Hz,J = 13.0 Hz), 4.10-4.13 (m, C6-
H, 2H), 3.99-4.03 (m, C1'H C5-H, 4H), 3.53-3.59 (m, C6-
methylene H, 4H). *C NMR (CDCk, 125 MHz): 6 140.7,

138.7, 138.4, 138.1, 128.9, 128.4, 128.3, 128.7,.712127.6,

127.5, 127.4, 127.1, 111.6, 100.8, 78.2, 75.5,,74304, 71.7,

70.8, 69.4, 66.7. HRMS (ESI): calcd fogBs,01+Na 967.4397
found 967.4399.

4.22. (E)-1,8-bis(((2S4R,5R 6R)-4,5-bis(benzyl oxy)-6-
((benzyl oxy)methyl)-3-methyl enetetrahydro-2H-pyran-2-
yl)oxy)oct-4-ene (35)

Compound35 wassynthesized fron28 by following the general
experimental procedure B. Yield 56%, as a colourigss.R; =
0.4 (20% EtOAc/hexanesix]& +4.1 € 1.0, CHCY); IR (neat):
3035, 2865, 1726, 1621, 1457 tmH NMR (CDClL, 500 MHz):
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0 7.24-7.38 (m, Ar-H, 30H), 5.36-5.45 (m, C4'-H, C3-

methylene H 4H), 5.25 (s, C3-methyleng,}2H), 5.18 (s, C2-H
(anomeric), 2H), 4.91 (d, benzyl-CH, 2B+ 12.0 Hz), 4.62-4.73
(m, benzyl-CH, 6H), 4.48 (d, benzyl-CH, 28+ 11.5 Hz), 4.39-
4.42 (m, benzyl-CH, C4-H, 4H), 4.11 (t, C6-H, 2Hs 6.0 Hz),

3.99 (s, C5-H, 2H), 3.62-3.67 (m, C1;HH), 3.56 (d, C6-
metylene H,, 4H,J = 6.5 Hz), 3.41-3.49 (m, C1'¢H2H), 2.04-
2.06 (m, C3-H, 4H), 1.63-1.66 (m, C2-4, 4H). °C NMR

4.25. (2S54R,5S,6R)-4,5-bis(benzyl oxy)-6-((benzyl oxy)methyl)-2-
(((R)-1-phenylallyl)oxy)-3-methylenetetrahydro-2H-pyran (40)

Compound40 (major isomer) was synthesized from glydalby
following the general experimental procedure A. Yieti as a
colourless gumR; = 0. 6 (10% EtOAc/hexanesiz]# +63.2 €
1.0, CHC}); IR (neat): 3090, 2915, 2858, 1603, 1489, 1453,
1360, 1303 ci. *H NMR (CDCk, 400 MHz):5 7.18-7.43 (m,

(CDCl,, 125 MHz):6 141.1, 138.7, 138.4, 138.1, 130.0, 129.7,Ar-H, 20H), 5.96-6.04 (m, C2-H, 1H), 5.21-5.27 (m, C3-

129.0, 128.3, 128.3, 128.1, 127.7, 127.6, 127.5,.412127.1,
111.1, 101.5, 78.2, 75.5, 74.0, 73.4, 71.6, 70974,666.8, 29.6,
29.1. HRMS (ESI): calcd for gH;,0,0+NH," 1018.5469 found
1018.5483.

4.23. (3aR,4S5R, 7a9)-4,5-bis(benzyl oxy) hexahydro-2H-
furo[ 2,3-b] pyran (36)

To a stirred solution of4 (20 mg, 0.059 mmol) in ethanol (3

mL) was added BN (16 pL, 0.12 mmol), 10% Pd/C (4 mg). The

mixture was stirred for 4h under ,Hatmosphere. After
completion of the reaction (by TLC) the suspensi@s filtered
through a pad of Celite and concentraitedacuo, the obtained
residue was further purified by silica gel colummarhatography

provided the compoun@6 as the single diastereomer in 88%

yield. R = 0.48 (30% EtOAc/hexane)z]& -5.2 € 1.0, CHCY);
IR (neat): 2915, 2854, 1731, 1594, 1452, 1364 cti NMR
(CDCls, 500 MHz):6 7.28-7.35 (m, Ar-H, 10H), 5.30 (d, C7a-H,
1H,J = 3.0 Hz), 4.72 (d, benzyl-CH, 1H,= 12.0 Hz), 4.67 (d,
benzyl-CH, 1HJ = 12.0 Hz), 4.61 (d, benzyl-CH, 1d,= 12.0
Hz), 4.54 (d, benzyl-CH, 1H,= 12.0 Hz), 4.00 (dt, C2-H1H,J
= 7.0 Hz, 5.0 Hz), 3.91 (dd, C6;HLH,J = 4.5 Hz,J = 8.5 Hz),
3.88 (dt, C2-i, 1H,J = 7.0 Hz,J = 5.0 Hz), 3.74-3.79 (m, C5-
H, C6-H, 2H), 3.69 (dd, C4-H, 1H) = 2.0 Hz,J = 5.5 Hz),
2.46-2.51 (m, C3a-H, 1H), 1.95-2.02 (m, C3-#H), 1.82-1.89
(m, C3-H,, 1H).**C NMR (CDCk, 125 MHz):6 138.4, 138.3,
128.4, 128.4, 127.9, 127.8, 127.7, 127.6, 100.®,7AL..7, 71.2,
71.0, 66.4, 62.0, 42.4, 26.3. HRMS (ESI): calcd@gH,,0,+Na
363.1572 found 363.1574.

4.24. (2R,354R 4aR,8a9)-3,4-bis(benzyl oxy)-2-
((benzyl oxy)methyl)octahydropyrano[ 2,3-b] pyran (37)

To a stirred solution 081 (25 mg, 0.052 mmol) in ethanol (4
mL) was added BN (16 pL, 0.105 mmol), 10% Pd/C (5 mg).
The mixture was stirred for 6h under, ltmosphere. After
completion of the reaction (by TLC) the suspensi@s filtered
through a pad of Celite and concentraitedacuo, the obtained
residue was further purified by silica-gel colummarhatography

provided the compoun87 as the single diastereomer in 90%

yield. R- = 0.5 (30% EtOAc/hexanes)z]& +38.8 € 0.6,
CHCly); IR (neat): 2927, 2866, 1727, 1589, 1494, 1446, 1356 c
. 'H NMR (CDCk, 400 MHz):6 7.17-7.36 (m, Ar-H, 15H), 4.93
(d, benzyl-CH, 1HJ = 11.2 Hz), 4.83 (d, benzyl-CH, 1H,=
10.4 Hz), 4.80 (d, C8a-H, 1H,= 3.6 Hz), 4.66 (d, benzyl-CGH
2H,J = 11.6 Hz), 4.58 (d, benzyl-CH, 1d= 11.2 Hz), 4.52 (d,
benzyl-CH, 1H,J = 12.0 Hz), 3.97-4.04 (m, C2-H, C7z2H),
3.91 (dd, C4-H, 1H)J = 8.8 Hz,J = 10.4 Hz), 3.78 (dd, C2-
methylene | 1H,J= 3.2 Hz,J = 10.8 Hz), 3.72 (t, C3-H, 1H),
= 9.6 Hz), 3.67 (dd, C2-methyleng,HH,J = 2.0 Hz,J = 10.4
Hz), 3.53 (td, C7-K 1H,J = 2.0 Hz,J = 12.4 Hz), 2.08 (d, C5-
H., 1H,J= 12.8 Hz), 1.92 (dd, C4a-H, 1= 2.0 Hz,J = 10.8
Hz), 1.51-1.55 (m, C5-H 1H), 1.41-1.48 (m, C6-41H), 1.18
(d, C6-H,1H, J = 13.6 Hz). *C NMR (CDCk, 100 MHz):§
138.4, 138.3, 138.0, 128.4, 128.3, 128.3, 128.7,.9,2127.7,
127.6, 127.5, 98.5, 79.5, 77.1, 75.0, 74.6, 7335],768.5, 67.6,
40.9, 22.7, 20.2. HRMS (ESI): calcd fogB3,05 +Na 497.2304
found 497.2309.

methylene CH C3'-H, 2H), 5.19 (d, C2-H, 1HJ = 6.0 Hz),
5.14 (dt, C3-4, 1H,J = 1.2 Hz,J = 10.4 Hz), 5.11 (s, C3-
methylene Cli 1H), 4.98 (s, C2-H (anomeric), 1H), 4.90 (d,
benzyl-CH, 1HJ = 10.8 Hz), 4.81 (d, benzyl-CH, 1H,= 11.6
Hz), 4.76 (d, benzyl-CH, 1H] = 11.2 Hz), 4.68 (d, benzyl-CH,
1H, J = 12.0 Hz), 4.51-4.56 (m, benzyl-GHC4-H, 3H), 4.10-
4.14 (m, C6-H, 1H), 3.82 (dd, C6-methyleng HH,J = 4.0 Hz,
J= 11.6 Hz), 3.74 (dd, C6-methyleng,HH,J = 2.0 Hz,J =
10.8 Hz), 3.65 (t, C5-H, 1Hl = 9.6 Hz)."*C NMR (CDC}, 100
MHz): § 142.3, 139.8, 138.6, 138.3, 138.3, 138.2, 1288,4,
128.3, 128.3, 128.0, 127.8, 127.8, 127.7, 127.7,.62127.5,
127.3, 115.5, 110.3, 98.5, 81.3, 80.1, 77.9, 7B3(, 73.4, 71.9,
68.8. HRMS (ESI): calcd for §H350s+NH," 580.3063 found
580.3066.

4.26. (2R,4R,5S,6R,7a9)-4,5-bis(benzyl oxy)-6-
((benzyl oxy)methyl)-2-phenyl-4,5,6,7a-tetrahydro-2H-furof 2,3-
b] pyran (41)

Compound4l was synthesized fro®0 by following the general
experimental procedure B. Yield 50%, as a coloungss. R =
0. 42 (10% EtOAc/hexanesa]f +3.0 € 0.6, CHC)); IR
(neat): 3023, 2920, 2858, 1722, 1593, 1448, 13888 tm". 'H
NMR (CDCL, 400 MHz):6 7.16-7.39 (m, Ar-H, 20H), 6.31 (t,
C7a-H, 1H,J = 1.6 Hz), 6.18 (t, C3-H, 1H] = 1.6 Hz), 5.89 (s,
C2-H, 1H), 4.68 (d, benzyl-CH, 1H] = 12.0 Hz), 4.67 (d,
benzyl-CH, 1HJ = 12.4 Hz), 4.57 (d, benzyl-CH, 1d,= 12.0
Hz), 4.53 (d, benzyl-CH, 1H] = 11.6 Hz), 4.45 (d, benzyl-CH,
1H,J= 11.2 Hz), 4.44 (d, benzyl-CH, 14~ 11.6 Hz), 4.38 (d,
C4-H, 1H,J = 2.0 Hz), 3.92 (dd, C5-H, 1H,= 1.6 Hz,J= 7.6
Hz), 3.73-3.82 (m, C6-H, C8- 3H). *C NMR (CDCL, 100
MHz): 6 148.1, 138.4, 137.5, 137.5, 134.6, 134.2, 1288.,5,
128.3, 128.3, 128.0, 127.9, 127.8, 127.7, 127.4.9,2104.3,
86.7, 79.7, 76.0, 73.3, 72.4, 71.7, 70.5, 68.8. HRESI): calcd
for C3sH3405+Na 557.2304 found 557.2300.
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