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Abstract: Upon treatment with the metal enolates of methglactive compounds (dimethyl
malonate and dibenzoylmethan&-rfucleophiles) and benzyl carbamaténucleophile),D-

allal- andD-galactal-derived vinyl epoxides are stereoselebtivransformed, in a single step,
into diastereoisomeric, highly functionalized, efi@pure cis- and trans-2,5-disubstituted-2,5-

dihydrofurans.

Dedicated to the memory of Professor Franco Maddéd7-2018).

Keywords Vinyl epoxides, Glycals, 2,5-Disubstituted-2,%wilrofurans, Rearrangement

process, Stereoselectivity
1. Introduction

The 2,5-dihydrofuran core represents a privilegetedocyclic system which is present in
various compounds showing relevant biological diés. In particular, the 2,5-dihydrofuran
moiety can be found as common structural unit i@ products with antibioticotamino acid

L-(+)-furanomycirt®°and diterpene (-)-guanacastepené®@nticancer/cytotoxic (eleutherobin,
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a marine diterpene glycosidend antileukemic activity (liatrin, a sesquiterpelactone}
Moreover, the 2,5-dihydrofuran system is well reprged in capsochrome derivativeas
effective antiproliferative agents, and in the kmosynthetic antiviral nucleoside stavudmEor
these reasons, this system represents an impataifiiold in Medicinal Chemistry for the
construction of corresponding, biologically activeynthetic products. In this framework,
multifunctionalized 2,5-dihydrofurans are partialjyauseful bulding blocks in organic synthesis
due to the numerous synthetic possibilities offdrgdhe transformation of the functional groups
present in the side chains and the several furalikations which can be introduced on the
double bond. As a consequence, the constructiod,flihydrofuran rings bearing different
substitutions and functionalizations has receivetmattentiorf *° However, despite the great
effort made in this sense, few efficient methodsarailable for the obtainment of these systems
as pure chiral compounds.

Recently, diastereoisomeric enantiopwis-2,5-disubstituted-2,5-dihydropyrrole$ and 5
were stereoselectively obtained, in a single dtgmlycosylation of metal enolates of methylene
active compounds, as dimethyl malonate and dibdm&ifiane, byp-allal- and D-galactal-
derived vinylIN-mesyl aziridinedla and1f, respectively. The formation of 2,5-dihydropyr®le
4 and5 had been demonstrated to be the result of a lmabred rearrangement, with ring
contraction, of the correspondidgg-cis-and 1,4—trans-products2,3-unsaturated- and $-C-

glycoside2a,B and3a,B, the primary reaction products (Schemé&'3)?2

1,4-cis- and 1,4-trans-products
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Scheme 1 Stereoselective synthesis of enantiopure, hifimgtionalizedcis-2,5-disubstituted-

2,5-dihydropyrrolest and5 by D-allal- andD-galactal derived vinyN-mesyl aziridinesla and

1p.



Considering the analogy, these results promptedousgerify if such a process could be
applied also to the correspondibepllal- andD-galactal-derived vinyl epoxidego and6f. In
this case, enantiomerically pure, highly functiared cis- and/ortrans-2,5-disubstituted-2,5-

dihydrofuran systems asg and 8, could be obtained through a new, simple and iatiog

process (Scheme 2).

6

z z
5,01 OH
0.1,.CH(COZ
BnO T Bno (c02) 0
4 5 O O BnO X
=D > R~ —_— 2 6

o . . 5
o3 t-BuOK or t-BuOLi HO" 4 __/?
4 3
6a THF cis- and/or trans- 7
Z = OMe, Ph 1,4-cis and 1,4-trans-products

X = CH(COZ),; CH,COZ
z z

6
5,0
1 0.1 ,.CH(COZ OH
BnO | e BRO (COZ), o
O O o BnO o X
4 2 > _— 6 o\
3 HO 705 2

(@) t-BuOK or t-BuOLi 4
6B THF

) 4 3
cis- and/or trans- 8

Scheme 2 Envisaged synthesis of 2,5-disubstituted-2,5-dlibfuran systems/ and 8 by

reactions of vinyl epoxideSa and6f with metal enolates of methylene active compounds.

As a consequence, as previously done with azirgdiee and 1B, the behaviour of vinyl
epoxidessa and6p, the glycosyl donors, was initially examined byagisylation of metal (K
Li*) enolates of dimethyl malonate and dibenzoylmethd@-nucleophiles, the glycosyl
acceptors). Subsequently, the behaviour of epoXddeand 63 with a nitrogen-based glycosyl
acceptor, as lithium anion of benzyl carbamata(cleophile), was checked, too.

Vinyl epoxides6a and6f are not stable and can be prepared onlsitu by base-catalyzed
cyclization of the corresponding stable precursmanshydroxy mesylate9a and 9,

respectively, and let to react immediately withuglrophile (Scheme 3.
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Scheme 3 Preparationin situ of vinyl epoxides6a and 63 by base-catalyzed cyclization of

corresponding stable precursmans-hydroxy mesylat®a and9p, respectively.

Theoretical computational calculations had indidateat vinyl epoxidef3 exists in solution
as the only conformeif’ with the side chain equatorial, whereas eposmlexists as an 82:18

equilibrium between the corresponding conform@as and 6a” with the side chain axial and

equatorial, respectively (Scheme®#).
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Scheme 4 Theoretical conformational analysis of vinyl efes6a and6p3.

2. Results and discussion

2.1. Reactions of epoxide§f8 and 6a with metal enolates of dimethyl malonate and

dibenzoylmethane

2.1.1. Reactions of epoxi@@ with metal enolates of dimethyl malonate and dilbgimethane



The reaction of epoxidéf3 with potassium enolate of dimethyl malonat®-K), following
the typical protocol of addition of a preformed TH&lution of the enolate (dimethyl malonate, 3
equiv, and an equimolar amountteBuOK) to a THF solution of epoxidéf afforded a crude
product only consisting of the correspondidg-trans-product® 11 (Scheme 5). No trace of
other addition products or rearranged productghasexpected 2,5-dihydrofuran systems, was
present in the crude product. The same result w#gined also when the preformed lithium
enolate (from-BuOLi) of dimethyl malonatel(D-Li) was used (Scheme 5 and Table 1, entries 1
and 2).

0 10Kor  Bno o oM
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Scheme 5Reaction of epoxidéf with potassium0-K) and lithium enolatd0-Li prepared by

dimethyl malonat¢/BuOK and dimethyl malonateBuOLi protocol, respectively.

The reason of the unsuccessful obtainment of thpea®rd 2,5-dihydrofuran system was
clearly due to the fact that, under the reactiomdittons used, no 1,4-adducts were formed, also
when more coordinating reaction conditions weraly$8-Li).**%

In spite of the negative result obtained wHBUOL.I as the base, the use of a stronger THF-
soluble base, as LHMDS in order to generHieLiHMDS, was attempted. The new protocol
guaranteed the presence in the reaction mixtur@ diigher concentration of the strongly
coordinating lithium cation which, reasonably, abufavour the formation ofl,4-cis-
products®****Moreover, the presence of LHMDS, a base stronger the previously used ones
(t-BuOK andt-BuOLi), could have a beneficial effect to the raagement process of 1,4-
adducts, once these products were formed.

The reaction of epoxidéf with 10-LIHMDS (3 equiv, from equal amounts of dimethyl
malonate and LHMDS) in anhydrous THF for 4 h atmae@mperature afforded a crude reaction
mixture consisting of two products in a 35:65 ratihich were separated by preparative TLC
(Scheme 6 and Table 1, entry 3). Accur&teNMR examination of these two products indicated
that the minor product was the expected isomedmgtroduct, 2,5-dihydrofuracis-12, bearing
at C(2) the —CH(COOMeg) residue of enolatelO-LIHMDS. More intriguing was the
determination of the structure of the major produbtch corresponded to dn4-cis-producof

epoxide6B in which the —CH(COOMe)residue of the starting nucleophile, turned oubéo
5



simplified to (methoxycarbonyl)- group (-COOMe).dther words, the —-CHCOOMe portion of
the nucleophile, enolaté0-LiHMDS, appeared lost. AlfH NMR evidences allowed the
assignation of the structure of mettAglycosylcarboxylate derivativé33 to major reaction
product, furtherly confirmed by carrying out themsa structural analysisHf NMR) on the
corresponding acetate33-OAc (Scheme 6). A detailed rationalization for thenfation of

methylB-glycosylcarboxylatd 33 has been recently publish&d.
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Scheme 6.Reaction of epoxidé&f3 with lithium enolatel0-LIHMDS prepared by dimethyl
malonate/LHMDS protocol in anhydrous THF.

In accordance with previous results (Schem&?12,5-dihydrofurancis-12 derives froma-
14a and 3-C-glycoside 143 (1,4-adducts). the primary reaction products, fnby {2’
addition of lithium enolatd0-LIHMDS to vinyl epoxide6B. Base-catalyzed deprotonation (a
small excess of base is present in the reactiotunex of the residual acid-8 bond of the —
CH(COOMe) group of C-glycosides 14p and/or 14a, generates the corresponding enolate
speciesl5 followed by retro oxa-Michael reaction with the fation of intermediater,(3-y,0-
unsaturated systerh6 (Scheme 7). Acid-base equilibration between thendadlyl alcoholate
and the secondary allyl OH group presentlihleads to the new allyl alcoholater. An
intramolecular oxa-Michael addition of the C(7)-@lcoholate portion ol7 at C(4) carbon of
thea,B-unsaturated system through the folded conforb8e®i, leads to 2,5-dihydrofuracis-12.
Actually, in the folded conformet8-Si, the conjugate system assumesas conformation in
order to have a three centers coordination ofuithication with alcoholate O(7), malonate
carbonyl O(1) and secondary hydroxy functionalitf8Doxygens (cation binding). This makes



the nucleophilic C(7)-Oallyl alcoholate appropriately disposed for a ctetgdy facial selective
attack, through a favourestexo-trig mode, on theSi face of thea,3-conjugated system, as
shown in folded conformed8Si to give 2,5-dihydrofurancis-12, in a completelysyn

stereoselective fashit?? (Scheme 7’
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Scheme 7 Rationalization of the formation of 2,5-dihydrodinrcis-12 by reaction of epoxide

6B with lithium enolate of dimethyl malonat&Q-LiIHMDS) prepared by LHMDS protocol.

The reaction of potassium enolate of dibenzoylmeth@9-K) with epoxide6p carried out
by usingt-BuOK as the base both for the formatiarsitu of the epoxide and for the formation
of the enolate, led to a crude reaction productsisting of D-gulal-derivative20 (3,4-trans-
produc)®® (55%), accompanied by an almost 1:1 mixture of diastsmeric rearranged
products, 2-(benzoylmethyl)-2,5-dihydrofuracis-21 (23%) andtrans-22 (22%) (eq 1, Scheme
8 and Table 2, entry 1). All products were separated obtained pure by preparative T°C.
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Scheme 8Reaction of epoxidéf with potassium9-K) and lithium enolatd9-Li prepared by
dibenzoylmethaneBuOK (eq.1) and dibenzoylmethatt®uOK/A-BuOLi protocol (eq.2),
respectively.

The formation of 2,5-dihydrofurangs-21 andtrans-22 or, better, of the corresponding 2-
(dibenzoylmethyl) derivativesis-23 andtrans-24, the primary reaction products (eq.1, Scheme
8),%° can be rationalized as previously admitted for ¢cberesponding reaction of epoxiéf
with lithium enolatel0-LIHMDS (Scheme 7). &’addition of enolatel9-K to epoxide6f3
reasonably leads to a mixtuee 25a and B-C-glycoside258 (eq.1, Scheme &9.Subsequent
retro oxa-Michael reaction 26, 27), followed by equilibration to alcoholat&€8 and

intramolecular oxa-Michael reaction, as shown iteimediate9-Si and 29-Re leads to not

8



isolable 2,5-dihydrofurangis-23 and trans24 (eq. 1, Scheme 8). Actually, a fast mono-
debenzoylation process by intermolecular retrosglaicondensation iyBuOK transformsis-
23 andtrans-24 into the corresponding 2-(benzoylmethyl) derivasicis-21 andtrans22, the
reaction products, as shown in Scheme 9 (for somylonly the transformation dfans-24 into

correspondingrans22is shown)**

(0] t-BuO O~
trans-24 22
protoniltiy

t-BuO~ K* OH

BnO\/\ﬁ,CHZCOPh

trans-22
Scheme 9 Mono-debenzoylation by retro-Claisen condensatbr?,5-dihydrofurantrans-24
with the formation of corresponding 2,5-dihydrofiateans-22.

This result indicates that the cyclization stephwing contraction, is not stereoselective and
indifferently occurs at botlsi and Re faces ofsp’ vinyl C(4)-carbon of intermediate,B-y,5-
conjugated syster28 through the folde@9-Si and unfolded conform&9-Re to the point that
an almost 1:1 mixture (45%) of the correspondinmlfimono-benzoylated 2,5-dihydrofurans
cis-21 andtrans-22 is obtained in the crude reaction product (eGcheme 8§*

D-Gulal-derivative20 is obtained by an attack of the nucleophile (pzitam enolatedl9-K) at
oxirane C(3)-carbon, in dransdiaxial opening fashion of the oxirane ring, toveyi3-
(dibenzoylmethyl)-derivative30, as corresponding alcoholat®0’. The occurrence of an
intramolecular retro-Claisecondensation, as shown in intermedidie is accompanied b@-
benzoylation of the adjacent alcoholate group wite obtainment of the final all-protected
product 20 (Scheme 10§
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Scheme 10Rationalization of the formation af-gulal derivative20 in the reaction of epoxide

6B with potassium enolate of dibenzoylmethab@-K)

The same reaction of epoxi@f was repeated with the corresponding Li-enolagelL(i) by
means of the so-calléeBuOK/A-BuOLI protocol in whicht-BuOK (1 equiv) is exclusively used
to generate epoxidéf from transhydroxy mesylate9B, whereas t-BuOLi (3 equiv) is
exclusively used for the formation of enold®-Li (3 equiv) (eq. 2, Scheme 8). These new
conditions would have determined the presence énréfaction mixture of a cation (I)j more
coordinating than the previously used Krom t-BuOK), with beneficial effect both on the
regioselectivity of the addition process (increadett/3,4-adduct ratio) and, as a consequence,
on the formation of 2,5-disubstituted-2,5-dihydmafius with possiblesynstereoselectivity
(increased correspondimig/trans ratio) *2

Actually, these modified reaction conditions ledat@6:44:30 mixture of-C-glycoside2503
(1,4-cis-product, and 2,5-dihydrofuransis-23 andtrans-24 to indicate that in this case only 1,4
adducts were obtain&tf?and that no mono-debenzoylation process had octatrany levef?
Moreover, as expected, 2,5-dihydrofurasis23 andtrans24 are obtained in a satisfactory
amount (74%Y and a significant, even if slighsynstereoselectivity is observedig23/trans
24ratio = 1.47) (eq. 2, Scheme 8 and Table 2, édjtfyide infrg).

C-glycoside253 was separated pure by preparative TLC, whereasdiByshofuranscis-23
and trans24 turned out to be inseparable. Even if obtained imixture, accuratéH NMR
analysis made the structural identificationc®23 andtrans-24 possible, with determination of
their relative configuration and amount in the @udaction mixture.

The stereoselective formation BfC-glycoside253 can be rationalized by admitting the

occurrence of a metal-mediated intermolecular odraxygen-nucleophilel©-Li) coordination,

10



as shown ir32, followed by, completely stereoselective, nuclabptattack at C(1)-carbon of

epoxide6p from the same side as the oxirane oxygen. (Schdy&**

+ L
Ph Ljreere O Ph
0 )—O_Li+ o\ CH S:OPh
OBn _ )y OBnN
, HC / CH
A | , i/o COPh Bno 0L\
COPh 19-Li COPh
1 }/—\/ —
THF HO" 4
6B 32 258

Scheme 11Rationalization of the formation @FC-glycoside258 in the reaction of epoxidé

with lithium enolate of dibenzoylmethan®d(Li).

The formation of dihydrofuransis-23 andtrans-24 follows the rationalization previously
given for the corresponding reaction of epox@fewith potassium enolat#9-K (eq. 1 and 2,
Scheme 8). In this framework, the presence in #astron mixture of the more coordinating
lithium cation could reasonably favour the occuceenf the folded intermediate conformiF
Si (M = Li) and, as a consequence, the formation,5fdhydrofurancis-23 with the slightsyn
stereoselectivity observed (eq. 2, Schem&®).

The obtainment of3-C-glycoside 253 made it possible to have a confirmation of the
proposed mechanism of formation of 2,5-dihydrofgramthe reaction of epoxid# with metal
enolates of methylene active compounds (Schemewl Ba Actually, the treatment of a THF
solution of B-C-glycoside 253 with t-BuOK (2 equiv) afforded, after 3 h stirring at mo
temperature, an almost 1:1 mixture of 2,5-dihydrans cis-21 andtrans22 (eq. 1, Scheme
12)% a result very similar to the one obtained in thaction of epoxidéB with potassium
enolatel9-K (eq. 1, Scheme 8).

O _CH(COPh),
BnO
/U tBuOK | cis-21 1:1 trans-22 (eq. 1)
THF (R=H)

HO
258 (82% yield) OH OH

Bno\)\EM\CHRCOPh + BnO\/\E/CHRCOPh
BnO © — —
| M CiS'23 6 . 4 trans_24 (eq 2)
THF (R =COPh)

0" 6B (74% yield)
Scheme 12 The treatment o-C-glycoside253 with t-BuOK (eq. 1) and of epoxidéf3 with
lithium enolatel9-LiIHMDS prepared by dibenzoylmethane/LHMDS protocol (§q. 2

11



Table 1. Regio- and stereoselectivity of the reactions aixgpes6f and6a with lithium and

potassium enolates of dimethyl malonate.

o 0o 0._CO,M i
B“O/U CH,(CO,Me), B“Ow Bno/Ij’ 2 eBnO\/\EA\CH(COZMe)Z
68 O HO™ HO™ =
CH(COZME)Z

Reaction Yield 11 133 Cis-12

conditions (%)
1) t-BUuOK/THF 83 only product - r
2) t-BuOK/-BuOLI 79 only product - -

THF
3) LHMDS/THF 78 - 65 35
o CO,Me
o O._CH OH CO,Me OH CO,Me
Bno/\[J CH,(CO,Me), BnoU Bno/\l/\r cO,Me H\QACIH. 2 K‘\@\CIH_ 2
6a O HO™ HO" N [\ come [ N_) codMe
CH(COzMe)Z

Reaction Yield 33 3da + 348 Ccis-35 trans-36

conditions (%)
4) t-BUOK/THF 78 | only product - - -
5)t-BuOK/t-BuOLi | 75 - 3g 31 3f

THF

6) LHMDS/THF complex reaction mixture

& C-glycosides34a and 34B was recovered from the reaction mixture only asnseparable
mixture of corresponding acetat@n-OAc and343-OAc.

b 2 5-Dihydrofurantrans-36 was recoveredrom the reaction mixture only as corresponding
acetatdrans-36-OAcC.

12



Table 2. Regio- and stereoselectivity of the reactions aixgpes6f and6a with lithium and

potassium enolates of dibenzoylmethane.

COPh
o o 0._CH OH R OH R
Bno/U CH,(COPh), Bno/j:J Bno/Ij COPh (\E\\CHCOPh 0. L,CHCOPh
- ¥ ' ' \
68 O Phcoo” HO OoBn \= oBn \=
PhCOCH,
Reaction Yield 20 253 cis21, R=H trans22, R=H
conditions (%) Ccis-23, R = COPh| trans24, R = COPh
1) t-BuOK/THF 77 55 - 23 (cis-21) 22 frans22)
2) t-BuOK/t-BuOLi 76 - 26° 44 (is-23)° 30 trans-24)°
THF
3) LHMDS/THF 74 - - 60 (Cis-23)° 40 trans-24)°
COPh COPh
© o_ CH 0.__CH 0 o
B“OU CH,(COPh), Bno/\O‘ ‘coPh B”OU ‘coph BNO | B”O/U
60 O HOY N7 HO' "N PhCOO"" PhcOO"
PhCOCH, PhCOCH,
Reaction Yield 38a 3B 39 40
conditions (%)
1) t-BUOK/THF 78 68 - 15 17
2) t-BuOK/A-BuOLI 80 - 85 - 15
THF
3) LHMDS/THF complex reaction mixture

& The treatment 0253 with t-BuOK afforded an almost 1:1 mixture of 2,5-dihgfiiranscis-21
andtrans22.
® 2,5-Dihydrofuranscis-23 and trans-24 were recovered from the reaction mixture as an

inseparable mixture (Scheme 12, eq.1).

Finally, the use of a stronger base was examimethi$ way, the reaction of epoxi@p with
lithium enolatel9-LIHMDS, prepared by dibenzoylmethane/LHMDS protocol, ted crude
reaction product only consisting of a chemoselec@0:40 mixture of 2,5-dihydrofurarmss-23
andtrans-24 (eq. 2, Scheme 12 and Table 2, entr{*3he observed slightynstereoselectivity
(cis23/trans24 ratio = 1.5, similar to that previously observedhwl9-Li (t-BuOKA-BuOLI

protocol, eq. 2, Scheme 8), even if partially $ati®ry, is decidedly inferior to the complete
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synstereoselective result observed in the reacticgpokide6f3 with lithium enolate of dimethyl
malonate 10-LIHMDS) under the same conditions (Scheme 7). The hilgasicity of an ester
carbonyl oxygen, as present in intermediai® from the reaction o6p with 10-LiIHMDS
(Scheme 7), with respect to a ketonic carbonyl eryags present in intermedidét8 from the
corresponding reaction d@f3 with 19-Li (Scheme 8), could be responsible of the exclusive
occurrence of the Licoordinated folded conforme¥8-Si and, thus, of the completelyn

stereoselective restft found in the reaction of epoxi@@ with 10-LIHMDS (Scheme 7).

2.1.2. Reaction of epoxidar with metal enolates of dimethyl malonate and dioghmethane
Following the protocol previously used for epoxif& a THF solution of epoxidéa was
treated with a preformed THF solution of potassiemolate of dimethyl malonatd@-K). The
reaction turned out to be completely regio- antl-stereoselective affording-glucal-derivative
33(3,4-trans-produdt as the only reaction product (Scheme 13 andeTapéntry 4)°

0]

(0] (@)
Bnow t-BuOK BHOU _1ok B0 T
—THE 41
MsO THF b THF HO 3

: 33 | (78% vyield)
OH © CH

MeOOC  COOMe
9a 6a 33

Scheme 13Reaction of epoxidéa with potassium enolate of dimethyl malon&t8-K).

As expected, the behaviour of epoxi@a drastically changes whettBuOKA-BuOLI
protocol was used. Actually, under these reactmmditions, the obtained crude product turned
out to be constituted by a 1:1 mixture of 2,5-ditofdranscis-35 (31%) andtrans-36 (31%),
accompanied by a 1:1.5 mixture of diastereocisomedecis- and 1,4—trans-productsa- 34a
and (3-C-glycoside34f3 (38%,H NMR) which was subjected to preparative TLC (Suhel4
and Table 1, entry 5). Only 2,5-dihydrofurars-35 was obtained pure and the remaining
mixture oftrans-36, 34a and34f3 was acetylated by A©/pyridine protocol. Preparative TLC of
the obtained crude acetylated mixture afforded @w&c-derived dihydrofuranrans-36-OAc,
whereas OAc-derived a- 34a-OAc and [3-C-glycoside 34B3-OAc were recovered as an

inseparable 1:2 mixture (Scheme 14).
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OH /COOMe

CH,(COOMe), BnO O._CH
lt—BuOLi (FOOMe _/  ‘coome
0 (o) THF O.1 _CH
BnO . BnO Y 10-Li cis-35 (31%
Xy Y e O g s,
BN THF NS OR €
MsO™ = o (75% yield) RO 4 BnO o. ch
OH WCH
34 + 34B COOMe
9a 6a (1:1.5, R=H, 38%) —
- 0, =
lACZO/Py trans-36 (31%), R=H
340-OAc + 34B-OAc l AcO/Py
(1:2, R=Ac) trans-36-OAc, R = Ac

Scheme 14Reaction of epoxid&a with lithium enolate of dimethyl malonaté&Q-Li) by t-
BuOK#A-BuOLi protocol.

2,5-Dihydrofuranscis-35 and trans-36 derive from a rearrangement of 34a and/orf3-C-
glycoside343 through a mechanism similar to the one previodsiycribed for the formation of
corresponding 2,5-dihydrofuracis-12 from epoxide6f (Scheme 7). The absence sjn
stereoselectivity with epoxidéa could be due to the different stability of thededl transition
states TS-18Si (from 6B) and TS-37-Re (from 6a) leading to the corresponding 2,5-
dihydrofuran cis-12 and cis-35, respectively (Schemes 7 and 1%5)n this framework, an
appropriate theoretical study indicated th&-18Si, the folded transition state leading to 2,5-
dihydrofurancis-12 from epoxide6p, is 0.89 kcal/mol more stable thd3i$-37-Re the folded
transition state leading to 2,5-dihydrofureis-35 from epoxidesa (Supplementary datdj.The
reason of the observed different stability can eeably be found in the different relationship
between the corresponding residual C(6)-C(7) an8)-C(9) bonds: a favourablanti-
relationship is present iRS-18Siwhereasa less stablgaucherelationship is found iTS-37-

Re(Scheme 15 and Figure 1 in Supplementary data).
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new bond 15—
forming
O(7)-C(4)

new bond
forming
O(7)-C(4)
Intermediate Transition state TS-18-Si (folded) OH
folded conformer 18-Si (anti relationship between C(6)-C(7) and C(8)-C(9) bonds) R. - B O&'\
from epoxide 6B (see Scheme 7) leading to cis-2,5-disubstituted-2,5-dihydrofuran cis-12 1= Bn f‘

new bond R2 = CH(COOMe)2

forming
O(7)-C(4)

H new bond
forming
. O(7)-C(4)
Intermediate Transition state TS-37-Re (folded)
folded conformer 37-Re (gauche relationship between C(6)-C(7) and C(8)-C(9) bonds)
from epoxide 6a leading to cis-2,5-disubstituted-2,5-dihydrofuran cis-35

Scheme 15 Folded transition stateS-18Si and TS-37-Re involved in the formation 2,5-
dihydrofuranscis-12 andcis-35 by the reaction of epoxidéfd and6a, with lithium enolate of

dimethyl malonatel(0-Li), respectively.

As previously done with epoxidéB, also in this case the use of a stronger base was
examined. Unfortunately, the treatment of a THRiBoh of epoxidésa with lithium enolatelO-
LIHMDS , by dimethyl malonate/LHMDS protocol, afforded prd complex reaction mixture
which was not furtherly examined (Table 1, entry 6)

The reaction of epoxidéa with the potassium enolate of dibenzoylmethdeK) led to a
crude reaction mixture mostly consisting afC-glycoside 38a (1,4-cis-product (68%)
accompanied by small amounts ofglucal-derivative39 (3,4-trans-produdt (15%) and the
diastereoisomerio-allal-derivative40 (3,4-cis-produdt (17%) (eq.1, Scheme 16 and Table 2,
entry 4)®
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COPh

O o o
BnO/U“ kc:oph BnO | Bno/\@
: + 4 + 4 eq. 1
19-K HO a7 PhCOO" PhH,COO" 3> (ea- 1)

/

O,  THF CH,COPh CH,COPh
BnO 17 (78% yield)
n 380 (68%) 39 (15%) 40 (17%)
6a O3 .
19-Li COPh
- o
t-BUOK/t-BuOLi
( “protocol ') Bno COPh 4 40(15%) (eq.2)
(80% yield) HO  a"
38B (85%)
38¢q -BUOK _ complex reaction _t-BUOK 38p (eq. 3)
THF mixure THF

Scheme 16 Reaction of epoxidéa with potassium 19-K) (eq. 1) and lithium enolate of
dibenzoylmethane 10-Li, eq. 2) prepared by-BuOK and t-BuOKA-BuOLi  protocol,
respectively. Treatment ak- 38a andf3-C-glycoside38B3 with t-BuOK in THF (eq. 3).

The formation ofl,4-cis-product38a is in accordance with the occurrence of a metal io
(K*)-coordinated syn-1,4-addition process, as showrnniarmediate structurdl (route a,
Scheme 17) in which an extended oxirane oxygeraogir C(3) carbon is pres&ht®
Nucleophilic attack on allyl C(3)-carbon 41 can occur also by a free, non-coordinated enolate
species, necessarily from the back side becausallfieC(3)-O bond is not broken, by trans-
diaxial oxirane ring openingdqute b, Scheme 17). In this wa$,4-trans-produc#3 is obtained
as a not isolable intermediate because of the rapalirrence of the previously described
intramolecular retro-Claisen condensation which ngfarms 43 into 4-O-benzoyl-3-
benzoylmethyl derivativ89 (Schemes 16, 17 and 1§)Moreover, intermediatd1 can evolve,
through an internal rearrangment, to the more @atoanic intermediatd2 in which allyl C(3)-

O bond is completely broken and C(3)-nucleophilerdmation is present, as shown (Scheme
17). Entropically favoured nucleophilic attack @2 by the coordinated nucleophile, with
retention of configuration, afford3,4-cis-product4 (route c).*® However, as in the case 43,
3-dibenzoylmethyl derivativd4 is not isolable because of its transformation,eurile reaction

conditions, into the isomeric derivati¥é, the reaction product (Scheme £%).
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O

BnO see
4 | Scheme 10 39
HO" 3
43 CH(COPh), 40
COPh 06' foute b BnO see
BnO / 5&4(») Scheme 10

(0]
60— \5 coph 56 8o ]
’ '-_— \ HO\ : 3

K SO & 44 CH(COPh),

05
Qﬁea

38a

Scheme 17 Rationalization of the formation df,4-.cis-product38a (route a), 3,4-.trans-
product 39 (route b) and 3,4-cis-product40 (route c) in the reaction of epoxidéa with

potassium enolate of dibenzoylmethah®-K).

A somewhat similar result was obtained when theeseeaction of epoxidéa was repeated
by means of thé-BuOK/A-BuOLi protocol. Actually, also under these modifieohditions, no
corresponding 2,5-dihydrofurans were obtained, bofhtrary to expectations based on the
presence of the more coordinating lim the reaction mixture3-C-glycoside383 (1,4-trans-
produc) was the main reaction product (85%) accompaniey loy D-allal-derivative40 (15%)
(eq. 2, Scheme 16, and Table 2, entry’55.

The results obtained in the reactions of epodaevith metal enolates of dibenzoylmethane
(19-K and 19-Li), under different conditions, indicate that thesided corresponding 2,5-
dihydrofurans are not formed even though a necggsacursor for the rearrangement process,
as1,4-cis-38a or 1,4-trans-producB8B is always the main reaction product (Scheme 16, eq
1 and 2). As a consequence, in order to forcedhadtion of 2,5-dihydrofurans, THF solutions
of a- 38a andB-C-glycoside38p3 were separately treated witlBuOK (2 equiv) for 3 h at room
temperature. Unfortunately, only very complex reacmixtures were obtained in both cases to
indicate an intrinsic, unexplained, difficulty GFglycosides38a and 383 to rearrange to 2,5-

dihydrofurans (Scheme 16, eq. 3).

2.2. Reaction of epoxidésr and64 with lithium anion of benzyl carbamate

The possibility to have with epoxidéa and 6B a corresponding rearrangement to 2,5-

dihydrofuran systems by the use of a nitrogen-baséah, as the nucleophile, was checked. For
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this purpose, benzyl carbamate (BhOCQNHaving an N-H bond sufficiently acid {1042
to be completely deprotonated by a base both irpteparation of the corresponding lithium
anion45-LIHMDS and in the rearrangement process was thought jaifgte.

2.2.1. Reaction of epoxid# with lithium anion of benzyl carbamate

The addition at 0° C of lithium anion of benzyl bamate45-LIHMDS (prepared at —78 °C
from benzyl carbamate and LHMDS) to a THF solutiar epoxide6f3 afforded after 18 h
stirring at room temperature, a crude reaction wnét mostly consisting of 2-
(benzyloxycarboxamido)-2,5-dihydrofurans-49, the expected rearrangement product (92%)
accompanied by a small amountefjulal-derivative50 (8%) ¢(H NMR) (Scheme 18 and Table
3, entry 1). Only 2,5-dihydrofuracis-49 was separated pure by preparative TLC.

o C(1)-O(5) bond
L . cleavage

S 5
DO < o / NHCOZBn>
' BnO™ ¢

o)
+-BUOK |BNO 45-LiHMDS 4 X/o HN route a
op LBUK ) | s ——— .
THF THF = HO™4 47B
3

o) (58% vyield) basel
6
B b\ opn 46 y l "
O_Li+ HN«O H \() \\\\\\\\ \)
1 O, o
BnOCONH, —1MD3 | BnO—% LT, AZ0Bn
2 T1gp . BnO-C=NH route b 8\ 6 5 |)
45-LiIHMDS s — k
H < Si 4
O H
48-Si
v'\_7 NHCOan
50 (8%) NHCOan
(not isolated) Cis-49 (92%)

Scheme 18 Reaction of epoxidéf with lithium anion of benzyl carbamatd5-LiHMDS),
prepared by LHMDS protocol.

The presence of 2,5-dihydrofurans-49 and the small amount d,4-trans-product50
indicate that the addition of nitrogen-based lithianion45-LIHMDS is particularly effective
in determining 1,4-addition process, reasonablyml,4-addition processvide infra for the
corresponding reaction of epoxid#). In this way, [-N-glycoside 473 (1,4-cis-producdt®
initially obtained as shown in structu4é (Scheme 18,outea) undergoes a very effective base-
catalyzed isomerization to 2,5-dihydrofurais-49, in a nice, completelyynstereoselective

fashion®?®

through the folded intermediate conforrd&Si whose occurrence is due, in addition
to its anti-butane-like conformation (see Scheme 15 for threespondingl8-Si), to the basicity
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of the carbamate moiety favouring the formationtleg shown intramolecular cation binding
(Scheme 18).

As for D-gulal derivative50, its formation is due to an attack by a free, noordinated
nucleophile 45-LIHMDS) at C(3) oxirane carbon of epoxi@f, as shown im6 (Scheme 18,

routeb).

Table 3.Regio- and stereoselectivity of the reactions axaes6p and6a with lithium anion

of benzyl carbamate.

o OH o)
B”O/U NH,CO,Bn  BnoO O .NHCO,Bn B”O/U
+
6B o = HOL
NHCO,Bn
Reaction Yield cis-49 50
conditions (%)
1) LHMDS/THF 58 92 8
Bno o O. .NHCO,Bn
n U NH,CO,Bn BnO/\O'
R N
6a HO
Reaction Yield 520
conditions (%)
2) LHMDS/THF 59 only produclf

#Not isolated.
® The treatment 052a with t-BuOK afforded a 71:29 mixture of 2,5-dihydrofuraris-53 and
transb4 (Scheme 20).

2.2.2. Reaction of epoxider with lithium anion of benzyl carbamate
The same reaction was repeated with epoXdeunder the same reaction conditions
previously successfully used with epoxigfg. In this case, the crude reaction mixture showed
the exclusive presence of the correspondirig-glycoside52a (1,4-cis-producy as the result
of a completelysynstereoselective 1,4-addition process, as showstructure51 (Scheme 19
and Table 3, entry 2).
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OBn

5

1
o 0. .NHCO,Bn
BnO 45-LiHMDS })-/ \ BnO 1
. = |4 NH | — L
B THF HO'

0" (59%yield) | o B”OJ%?
L2, 4+ a0 520
6a ‘L 51

Scheme 19 Reaction of epoxid®&a with lithium anion of benzyl carbamatd5-LIHMDS),
prepared by LHMDS protocol.

The possibility of forcing the rearrangement precess tried by treating a THF solution of
52a with t-BuOK (1.5 equiv). After 3 hours stirring at roomnperature, a 71:29 mixture of
diastereoisomeric 2-(benzyloxycarboxamido)-2,5-dioyurans cis-53 and trans54 was
obtained (Scheme 20), then separated by preparati@ and their structure determined by
NMR spectroscopy.

52a /OBn

-0l i+
(N\, ?LI
H BnO C/
: N\ )
55-Re (folded) O 55-Sj (unfolded)
OH l OH
BnO o NHCO,Bn BnO O._..NHCO,Bn
cis-53 (71%) trans-54 (29%)

Scheme 20The treatment ak-N-glycoside52a with t-BuOK.

It is interesting to note that, in the rearragenm@oicess, the formation of 2,5-dihydrofuran
cis-53, reasonably proceeding through the folded confors®eRe is consistently favoured, as
expected, over the diastereosimeric 2,5-dihydesfurans-54, formed by the corresponding
unfolded conformer55-Si. Also in this case, the type and strength of thwamolecular
coordination of lithium cation with carbamate carpboO(1), alcoholate O(7) and secondary
alcohol O(8) oxygen®ccurring in the folded intermediate confornd&Re is able to determine
the observed, satisfactoigynstereoselectivity (Scheme 23¥.
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2.3. Structures and configurations

The structural and configurational characterizatdrisolated products and crude reaction
mixtures were firmly established by NMR spectroscofhrough compared analysis of
homonuclear and'H-*C heteronuclear scalar correlations in the cormedipyg COSY
(COrrelation SpectroscopY), TOCSY (TOtal Correlat®pectroscopY), HSQC (Heteronuclear
Single Quantum Correlation) and HMBC (HeteronucMaitiple Bond Coherence) maps and of
dipolar correlations in NOESY (Nuclear Overhausdfe& SpectroscopY) spectra. In this
framework, it is very important to keep in mind tttlae configurationd or 3) at C(5) carbon in
the obtained six-3;4-cis-and 3,4-trans-procuctsand 1,4-cis-and 1,4-trans-producfsand five-
membered-heterocyclic systentss{ andtrans-2,5-disubstituted-2,5-dihydrofurans) is the same
as the configurationa( or ) at C(5) carbon of the starting epoxidi® or 6B, respectively
(Schemes 21, 22 and 23).

3,4-trans-products

O % 6q
NOE
2 Y \I-T
He Hp He Hy CHX
2,0 X ONg
BnO™ 3 > 6 5
5 15
YOI NF YO [NF
s Hy Hs Hy
13B, 13p-OAc, 258 34a, 34a-OAc, 34p, 34B-OAc,
380,520 38p
1,4-cis-products 1,4-trans-products

11, 33: X = (CO,Me), Y = H; 13B: X = CO,Me, Y = H; 13B-OAc: X = CO,Me, Y = Ac;

20: X = HCOPh, Y = PhCO; 258: X = CH(COPh), Y = H; 34a: X = CH(CO,Me),, Y = H;
34a-OAc: X = (COoMe),, Y = Ac; 34B: X = (CO,Me),, Y = H; 34B-OAc: X = CH(CO,Me),, Y = Ac;
38a: X = CH(COPh),, Y = H; 38B: X = (COPh),, Y = H; 39: X = HCOPh, Y = PhCO,;

52a: X = NHCO,Bn, Y = H.

Scheme 21NOEs in3,4-trans-product@&ndl,4-cis-and1,4-trans-productérom both epoxides

6a and6pB. The spatial relationship of methine proton H(%hvtwo methine protons, vinyl H(4)
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and non-vinyl H(6) in the case &f4-cis-and 1,4-trans-productsand non-vinyl H(6) and H(4)
in the case 08,4-trans-productsis also shown.

The assessment of fives six-membered heterocyclic structure relied onriature of OH
scalar couplings, which were detected only in;CR and/or DMSO-¢l In all 2,5-disubstituted-
2,5-dihydrofurans obtained, OH proton showed cogglwith methine proton H(6), which was
J-coupled with non-vinyl methine proton H(5) andthyéene protons H(7) and H(7'). On the
contrary, in the case of six-membered heterocystiiactures, the corresponding OH proton-
coupled methine proton H(5) wascoupled with two methine protons: vinyl H(4) anchaanyl
H(6) protons, in the case df4-cis- and 1,4-trans-productsand non-vinyl H(6) and H(4)
protons, in the case & 4-trans-productslt is noteworthy that, accordingly to the strueiu
attribution, H(5) proton of five-membered 2,5-dingfliran systems was always high-
frequencies shifted with respect to H(5) protorithe corresponding six-membered compounds.
The same trend was found for the carbon, whichrectly connected to it. Furthermore, H(7)
and H(7") protons of 2,5-disubstituted-2,5-dihydrah compounds originated dipolar interaction
with vinyl proton H(4): a similar interaction is hdetected in six-membered cyclic structures
(Schemes 21 and 22).

cis-2,5-disubstituted-2,5-dihydrofurans

cis-12,-21,-23,-49

0”4
6B N HO He,,r N

BnO >0
H7,H7I (
H H
NéEJ 4 NOE —* 4
trans-22,-24 trans-36-OAc ,-54

trans-2,5-disubstituted-2,5-dihydrofurans
cis-12: X = CH(CO,Me),; cis-21: X = CH,COPh; trans-22: X = HCOPh; cis-23: X = CH(COPh),;

trans-24: X = (COPh),; cis-35: X = CH(CO,Me),; trans-36-OAc: X = CH(CO,Me),, Y = Ac;
Cis-49, cis-53: X = NHCO,Bn; trans-54: X = NHCO,Bn, Y = H
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Scheme 22NOEs incis- andtrans2,5-disubstituted-2,5-dihydrofurans from both egdes 6a
and 6B. The spatial relationship of proton H(6) with nemyl methine proton H(5) and

methylene protons H(7) and H(7") is also shown.

The regioisomeric structure of glycal-derived-trans-product@and1,4-cis-and 1,4—trans-
products was ascertained by exploiting the homonuclearascabuplings starting from the
double bond protons, and dipolar interactions peceduby substituents present at C(4) and C(6)
or C(2) and C(6) for3,4-transproducts and 1,4-cis and 1,4-trans-products, respectively
(Scheme 21). In particular, the following valuabiteractions were observed: a) NOE between
H(6) proton and CH proton at C(4) in compouridsand 20 (3,4-trans-productgrom epoxide
6B) and between H(6) and H(4) protons in compous@isnd 39 (3,4-trans-productdrom
epoxide6a; b) NOE between H(6) and H(2) protons in compoul®s 133-OAc and253 (1,4-
cis-productsfrom epoxidesp); c) NOE between H(2) and H(7,7’), H(2) and H@&)d H(6) and
CH proton at C(2) in compoun@la, 34a-OAc, 38a, and52a (1,4-cis-productdrom epoxide
6a); d) NOE between H(6) and H(2) protons in compoGd@, 343-OAc and 388 (1,4-trans-
productsfrom epoxidesa) (Scheme 21).

The spatial relationship between the two substtrignC(2) and in C(5) ofis- and/ortrans
2,5-disubstituted-2,5-dihydrofurans was establisloedthe basis of the dipolar interactions
(NOESY) detected between substituents at C(2) ai&j. @ this way, NOE between protons
H(2) and H(5), as well, when possible, between H{tj CH-proton of the substituent chain at
C(2) are clearly indicative of a&is-arrangement of the involved substituents and as a
consequence of the corresponding structureiss®,5-disubstituted-2,5-dihydrofuran derivative
(compoundscis-12, cis-21, cis-23 and cis-49 from epoxide6 and cis-35 and cis-53 from
epoxide6a, Scheme 23). In this framework, the presence cEN®tween H(5) and CH proton
of the side chain at C(2) and between H(2) and Hi@tons are indicative of &ans
arrangement of substituents at C(2) and C(5) amaeguence of the corresponding structure of
trans-2,5-disubstituted-2,5-dihydrofuran derivative (quoundstrans22 and trans24 from
epoxide6f3 andtrans-36-OAc andtrans-54 from epoxidesa, Scheme 22).

For some compounds, NMR analysis revealed unexpettactural features. In the case of
compoundsl3B and13B-OAc, only a methoxycarbonyl group directly bound t®)C¢arbon
was detected on the basis'ef-*C long range scalar correlation (HMBC) with the ecytlic
H(2) proton, adjacent to oxygen. In both compound§) proton gave rise to a dipolar
interaction with H(6) proton, thus definingces-relationship between substituents at C(2) and
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C(6) carbons of the six-membered ring. Moreovethacase of the acetyl derivati¥83-OAc,
a NOE between methoxy and acetyl protons was foomadicate ecis-relationship between all
the ring substituents (Scheme 23).

NOE NOE
¥ s N
He He
z \HZ - H, O
SO, - - O, = 2y
Bnowcoowle BnO/UC
OMe
=
HO 138 o ) 13p-Ac
O//C OE
o ( e
PhCOO PhCOO" 5 PhCOO'
CHZCOPh NOE H4 CH2COPh NOE CHZCOPh
\_/20 40

Scheme 23 NOEs in methylB3-glycosylcarboxylate13B, correspnding acetaté3B-OAc,
compound<0 and39 from epoxide$p and6a, respectivelyand40 from epoxidesa.

The structures of3,4-trans-product20 and 39 and 3,4-cis-product40®® were even more
surprising since the two moieties (Ph€Gnd PhCOCHK) deriving from the starting
nucleophile [PhCOCH=C(Ph)-Dresulted separately connected at two adjacerdocar C(4)
and C(5) of the six-membered cyclic system (Schéfje As a matter of fact, an additional
methylene moiety was detecteelCH,COPh) and the two carbonyl functions (ketone andres
as revealed by thefC chemical shifts) showetH-'*C long range scalar couplings (HMBC)
with methylene (El,COPh) and H(5) protons, respectively. The presa&fdater-NOE H(6)-
CH,COPh in20 and40 and inter-NOE H(6)-H(4) ir89 and all the appropriate considerations
about the ring opening process of epoxidasand6p (see above) made the assignation of the
relative configuration to all substituents in cormapds 20, 39 and 40 possible, as shown in
Scheme 23.

3. Conclusions

Highly functionalized, enantiomerically pure 2,5dbstituted-2,5-dihydrofurans can be

obtained by reaction ab-allal- andD-galactal-derived vinyl epoxideBa and 63 with metal
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enolates of methylene active compounds, as dimethglonate, dibenzoylmethaneC-(
nucleophiles), and lithium anion of benzyl carbanmd¥l-nucleophile). The obtained 2,5-
disubstituted-2,5-dihydrofurans are the result of base-catalyzed rearrangement of
correspondingr- and/or-C- and N-glycosides 1,4-cisand 1,4-trans-products the primary
reaction products, with six-membered ring openingjoved by ring contraction to five-
membered ring. The presence of a sufficiently & or N-H bond ata-carbon of the
glycoside side chain is necessary for the rearraegeé process to occur. The relative strength of
the intramolecular cation binding occurring in tb@responding folded reaction intermediate
conformer and the relatednti- or gauchebutane-like conformation are responsible of the
observed stereoselectivity. In this way, a complateslight synstereoselectivity is observed
when the reaction proceedes only or partially tghouhe folded intermediate conformer,
whereas a non-stereoselective result is obtainednwthe reaction indifferently proceedes
through the folded and unfolded intermediate canfar In this framework epoxidéf
exclusively leads to correspondieg-2,5-disubstituted-2,5-dihydrofurans with lithiumaate

of dimethyl malonate and lithium anion of benzytliamate, whereas epoxi@a affords, in the
same reaction conditions, only 1:1 and 71:29 meguof correspondingis- and trans-2,5-
disubstituted-2,5-dihydrofurans. Due to the weakamolecular cation binding involved in the
corresponding folded intermediate conformer, tlaetiens of epoxidéf with metal enolates of
dibenzoylmethane are not stereoselective and onfuras of correspondings- andtrans-2,5-
disubstituted-2,5-dihydrofurans are obtained. Téimes reaction with epoxidéa does not lead

to 2,5-dihydrofurans.
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4. Experimental
4.1.General

All reactions were performed in a flame-dried m@ifSchlenk (Kjeldahl shape) flask fitted
with a glass stopper or rubber septum under a ipesfressure of argon. Flash column
chromatography was performed employing 230-400 msesica gel (Macherey-Nagel).
Analytical TLC were performed on Alugram SIL G/ silica gel sheets (Macherey-Nagel)
with detection by 0.5% phosphomolybdic acid solutio 95% EtOH.t-BuOK, t-BuOLi, 1 N
LHMDS in THF, dibenzoylmethane, MsCI, /@, HPLC-grade CKCl, and pyridine over
molecular sieves were purchased from Aldrich anédusvithout purification. Dimethyl
malonate, AcOEt and hexane (Aldrich) were distillefore use. THF (over molecular sieves,
Aldrich) and EtO were distilled from sodium/benzophenomeallal- and D-galactal-derived
vinyl epoxidessa and6p were prepared as previously describ@d:?Routine’H and**C NMR
spectra were recorded at 250 and 62.5 MHz, respégtiH NMR COSY, NOESY and HSQC
experiments were performed with a spectrometer atipgr at 600 MHz. IR spectra were
obtained by means of a FTIR spectrophotometer. &htah analyses were performed at
Dipartimento di Farmacia, University of Pisa, by ane of Carlo Erba Automated CHN
Analyzer model 1106.

4.2. Reactions of epoxidgB with potassium and lithium enolates of dimethylanate and

dibenzoylmethane

4.2.1. Reaction of epoxid# with potassium enolate of dimethyl malonaté-K, by t-BuOK
protocol)

Typical procedure A solution of dimethyl malonate (0.079 g, 0.60 oinB.0 equiv) in
anhydrous THF (1.3 mL) was treated in a Schlenk wBuOK (0.067 g, 0.60 mmol, 3.0 equiv)
and thr reaction mixture was stirred 45 min at rdemperatureSolution A. In the meantime, a
solution oftrans-hydroxy mesylat©f3 (0.063 g, 0.20 mmol) in anhydrous THF (1.0 mL) was
treated in a second Schlenk witfBuOK (0.023 g, 0.20 mmol, 1.0 equiv) and the neact
mixture was stirred at room temperature the timeessary for the cyclization thns-hydroxy
mesylate9p to epoxidesf (15-30 min, TLC) Holution B. Solution Awas added t&olution B
After 24 hours stirring at room temperature, thact®n mixture was partitioned between@t
(20 mL) and saturated aqueous /IH(5 mL) until pH = 4-5 and the organic layer wasther
washed with brine, dried (MgSY) and concentrated under vacuum. The reactionunaxvas

filtered through a silica gel pad eluting first vit 9:1 hexane/AcOEt mixture to remove the
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excess of dimethyl malonate, then with AcOEt tcaobt crude consisting af-gulal derivative
11 (*H NMR) (0.058 g, 83% yield) which was purified byeparative TLC. Elution with a 1:1
hexane/AcOEt mixture afforded pudemethyl 2-(1,5-anhydro-6-O-benzyl-2,3-dideoryxylo-
hex-1-enitol-3-yl)propanedioatéll) (0.043 g, 61% vyield), as a colourless oil:R0.41 (1:1
hexane/AcOEt),d]p?° = —1.8 (¢ 2.0, CHCY). FTIR (neaty 3313, 1731, 1469, 1259, 1179, 1095
cm’. *H NMR (250 MHz, CDC}J) & 7.25-7.39 (m, 5H), 6.47 (dd, 18= 6.4, 1.5 Hz), 4.62-4.70
(m, 1H), 4.58 (s, 2H), 3.85-3.96 (m, 2H), 3.81 1#1, J = 5.5 Hz), 3.75 (s, 3H), 3.74 (s, 3H),
3.26 (d, 1HJ = 10.1 Hz), 2.85-3.00 (m, 2H), 1.5, ((H, OH)*C NMR (62.5 MHz, CDGJ) 5
168.3, 167.9, 144.8, 137.5, 128.7, 128.1, 128.07,984.1, 72.4, 70.3, 67.4, 56.5, 52.9, 52.8,
38.2. Anal. Calcd for ¢H2,07: C, 61.70; H, 6.33. Found: C, 61.45; H, 6.11.

The same result was observed also when the predolitheum enolate (front-BuOLi) of
dimethyl malonatel(0-Li) was used. In this cagegulal derivativell was obtained with 79%

yield.

4.2.2. Reaction of epoxidéf with lithium enolate of dimethyl malonat&é0{LiHMDS by
LHMDS protocol) in anhydrous THF

Following the typical procedure, a solution of dimg malonate (0.253 g, 1.92 mmol, 3.0
equiv) in anhydrous THF (7.0 mL) was added to 1MMDBS in THF (1.92 mL, 1.92 mmol, 3.0
equiv) and the reaction mixture was stirred 30 atinoom temperatureSplution A. A solution
of trans-hydroxy mesylat®f (0.20 g, 0.64 mmol) in anhydrous THF (5.0 mL) wasted with
t-BuOK (0.072 g, 0.64 mmol, 1.0 equiv) and the rieaictnixture was stirred for 15 min at room
temperaturefolution B. Solution Awas dropwise added &olution A After 24 hours stirring at
room temperature, usual work-up and filtration §umaph4.2.1) afforded a crude reaction
product consisting of a 35:65 mixture of 2-[bis(hwtycarbonyl)methyl]-2,5-dihydrofuracis-
12 and methyB-glycosylcarboxylate derivativeé3g (*H NMR) (0.151 g, 78% yield) which was
subjected to preparative TLC by using a 1:1 hexst@Et mixture, as the eluant. Extraction of
the two most intense bands (the faster moving bematainedcis-12) afforded pure 2,5-
dihydrofurancis-12 (0.040 g, 18% yield) and meth@tglycosylcarboxylatel 33 (0.069 g, 39%
yield) .3

Dimethyl 2-[(1S)-1,4-anhydro-6-O-benzyl-2,3-dideaxthreo-hex-2-enitol-1-C-
yl]propanedioate(cis-12), a colourless oil; R= 0.45 (6:4 hexane/AcOEta]p?° = -65.6 € 0.36,
CHCly). FTIR (neaty 3308, 1730, 1455, 1259, 1178 ¢mH NMR (250 MHz, CDCY) d 7.25-
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7.45 (m, 5H), 6.08 (d, 1Hl = 6.5 Hz ), 5.92 (d, 1H] = 6.5 Hz), 5.30-5.41 (m, 1H), 4.88-4.96
(m, 1H), 4.58 (s, 2H), 3.81 (s, 3H), 3.79 (s, 3B155-3.86 (m, 2H), 3.58 (d, 2H,= 6.4 Hz),
2.58 (bs, 1H, OH)**C NMR (62.5 MHz, CDG)) & 168.0, 167.5, 138.2, 129.4, 129.1, 128.6,
127.9, 127.8, 87.2, 84.0, 73.7, 71.6, 71.5, 5729,5%2.8. Anal. Calcd for H2,07: C, 61.70;

H, 6.33. Found: C, 61.49; H, 6.06.

Methyl 2,6-anhydro-7-O-benzyl-3,4-didemyxylo-hept-3-enonatél 3B), a colourless oil; R
= 0.42 (6:4 hexane/AcOEt)a[p?° = -13.7 ¢ 1.34, CHCY). FTIR (neat)v 3543, 1736, 1435,
1263, 1229 cm. 'H NMR (250 MHz, CDCJ) & 7.26-7.39 (m, 5H), 6.41 (d, 1H,= 10.3 Hz),
5.96 (ddd, 1H) = 10.4, 5.7, 2.3 Hz), 4.99 (s, 1H), 4.51 (s, 2H3083.89 (m, 1H), 3.65-3.79 (m,
5H), 3.54-3.62 (m, 1H), 1.52-1.69 (bs, 1H, OMC NMR (62.5 MHz, CDGJ) § 167.1, 132.2,
128.5, 127.9, 127.7, 127.5, 125.9, 77.9, 76.4,, 7048, 62.5, 52.7. Anal. Calcd fog4El150s: C,
64.73; H, 6.52. Found: C, 64.53; H, 6.19.

4.2.3. Acetylation of methgglycosylcarboxylatd34 by A¢O/Py protocol

A solution of methylB-glycosylcarboxylatel 33 (0.031 g, 0.11 mmol) in dry pyridine (0.6
mL) was dropwise treated with A@ (0.4 mL) at O °C. After 18 hours stirring at tkeme
temperature, the reaction mixture was co-evaporatitd toluene (several times) to give a
reaction product (0.029 g, 82% vyield) consistingradthyl 2,6-anhydro-5-O-acetyl-7-O-benzyl-
3,4-dideoxyp-xylo-hept-3-enonatél33-OAc),*® practically pure as a colourless oil; R 0.62
(1:1 hexane/AcOEY).o]p?° = -54.7 € 0.58, CHCY). FTIR (neat)v 1735, 1433, 1227 cih'H
NMR (250 MHz, CDC}) & 7.24-7.42 (m, 5H), 6.40 (dd, 1H= 10.5, 1.1 Hz), 5.86 (ddd, 18,
= 10.3, 5.4, 2.3 Hz), 4.91-5.01 (m, 2H), 4.55 (4, 1 = 12.1 Hz), 4.44 (d, 1H] = 12.1 Hz),
3.83-3.93 (m, 1H), 3.68 (s, 3H), 3.50-3.60 (m, 2HY2 (s, 3H)*°C NMR (62.5 MHz, CDGJ) &
170.5,167.6, 138.1, 133.8, 128.9, 127.8, 127.1,926.3, 76.0, 75.6, 69.2, 64.9, 51.8, 21.3.
Anal. Calcd for G7H200s: C, 63.74; H, 6.29. Found: C, 63.49; H, 6.32.

4.2.4. Reaction of epoxidgB with potassium enolate of dibenzoylmethai@K by t-BuOK
protocol) in anhydrous THF

Following the typical procedure, a suspensiont-BUOK (0.108 g, 0.96 mmol, 3 equiv) in
anhydrous THF (3.0 mL) was treated with dibenzoylraee (0.216 g, 0.96 mmol, 3 equiv) and
the reaction mixture was stirred at room tempeeatar 45 min Solution A. t-BuOK (0.036 g,

0.32 mmol, 1.0 equiv) was added to a solutiortrahshydroxy mesylate93 (0.100 g, 0.32
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mmol) in anhydrous THF (3.0 mL)S6lution B. After 15 min stirring at room temperature
Solution Awas added dropwise tBolution Band the reaction mixture was stirred at room
temperature for 18 hours. Usual work-up affordexdtuade mixture which was filtered through a
silica gel pad eluting first with a 95:5 hexane/AttOmixture to remove the excess of
dibenzoylmethane, then with AcOEt to obtain a crpdeduct consisting of a 55:23:22 mixture
of D-gulal-derivative 20 and 2-(benzoylmethyl)-2,5-dihydrofuransis-21 and trans22 (*H
NMR) (0.096 g, 77% yield) which was subjected tegarative TLC, by eluting with a 7:3
hexane/AcOEt mixture (three runs). Extraction & three most intense moving bands afforded
D-gulal-derivative20 (0.047 g, 33% yield) (the fastest one), and 2iydiiofuranscis-21 (0.015
g, 14% vyield) (the slowest one) amens-22 (0.013 g, 12% yield)'d NMR).

4-0-Benzoyl-6-0O-benzyl-2,3-dideoxy-3-C,5-O-[(Z)esitr 1,2-diyl]-1-C-phenyb-lyxo-
hexose(20), a colourless oil. R= 0.22 (9:1 hexane/AcOEt)p]p*° = +92.1 € 0.96, CHCY).
FTIR (neatlv 1708, 1683, 1598, 1450, 1261, 1087, 1024, 798.4m NMR (250 MHz, CDCY)
0 7.91-8.08 (m, 4H), 7.38-7.65 (m, 6H), 7.17-7.36 GH), 6.50 (d, 1HJ = 5.9 Hz), 5.26-5.32
(m, 1H), 4.83-4.92 (m, 1H), 4.61 (d, 18z 12.0 Hz), 4.49 (d, 1H = 12.0 Hz), 4.23 (t, 1H] =
6.0 Hz), 3.62-3.83 (m, 2H), 3.00-3.26 (m, 2H), 2300 (m, 1H)*C NMR (62.5 MHz, CDGJ)
6 197.3, 165.8, 143.2, 137.7, 136.9, 133.4, 13328.9, 129.9, 128.8, 128.6, 128.5, 128.2,
128.0, 127.9, 102.0, 73.8, 72.1, 70.1, 69.0, 43139. Anal. Calcd for ¢H,s0s: C, 76.00; H,
5.92 Found: C, 75.74; H, 5.67.

3,6-Anhydro-8-0O-benzyl-2,4,5-trideoxy-1-C-phebylirxo-oct-4-enose (cis-21), a pale
yallow oil. R = 0.48 (1:1 hexane/AcOEt)a]p*° = +93.8 € 0.11, CHCY). FTIR (neatly 3485,
1732, 1682, 1452, 1259, 1089, 800, 748, 698.ciH NMR (250 MHz, CDCY) & 7.93-8.00 (m,
2H), 7.53-7.59 (m, 1H), 7.42-7.51 (m, 2H), 7.2957(&, 5H), 6.05 (d, 1H) = 7.0 Hz), 5.83 (d,
1H, J = 4.6 Hz), 5.31-5.42 (m, 1H), 4.84-4.90 (m, 1HRH (s, 2H), 3.73-3.82 (m, 1H), 3.50-
3.57 (m, 2H), 3.42 (dd, 1H, = 16.1, 6.7 Hz), 3.15 (dd, 1H,= 16.1, 6.7 Hz)**C NMR (62.5
MHz, CDCk) 6 199.6, 138.1, 136.9, 133.5, 131.6, 128.9, 12&8,5, 127.9, 127.8, 127.5, 86.9,
82.8, 73.6, 72.2, 71.6, 45.4. Anal. Calcd forH,04: C, 74.53; H, 6.55Found: C, 74.38; H,
6.41.

3,6-Anhydro-8-0O-benzyl-2,4,5-trideoxy-1-C-phebytylo-oct-4-enosgtrans-22), a yellow
oil. Ry = 0.39 (1:1 hexane/AcOEt)a]p?° = +172.4 ¢ 0.58, CHCY). FTIR (neaty 3422, 1721,
1682, 1599, 1452, 1273, 1156, 1094, 1025, 819, 698,cm'. '"H NMR (250 MHz, CDC}) &
7.92-8.01 (m, 2H), 7.52-7.62 (m, 1H), 7.42-7.51 PH), 7.27-7.39 (m, 5H), 6.08 (d, 1B~ 6.1
Hz), 5.83 (d, 1HJ = 5.9 Hz), 5.43 (dd, 1H] = 12.6, 6.8 Hz), 4.91 (t, 1H,= 5.1 Hz), 4.55 (s,

30



2H), 3.74-3.85 (m, 1H), 3.54-3.62 (m, 1H), 3.4648(&. 1H), 3.42 (dd, 1H] = 16.4, 6.9 Hz),
3.09 (dd, 1HJ = 16.4, 6.9 Hz)!*C NMR (62.5 MHz, CDGJ) 5 198.2, 138.2, 137.1, 133.5,
131.9, 129.0, 128.8, 128.6, 128.4, 127.9, 127.4,82.8, 73.7, 72.6, 71.4, 4513C NMR (62.5
MHz, DMSO-g) & 198.6, 138.7, 137.0, 133.5, 131.1, 129.5, 12928,4, 128.4, 127.9, 127.6,
86.9, 82.5, 72.5, 71.8, 71.4, 44.9. Anal. CalcdGpH».04: C, 74.53; H, 6.55-ound: C, 74.16;
H, 6.21.

4.2.5. Reaction of epoxidéfB with lithium enolate of dibenzoylmethan&#{iHMDS by
LHMDS protocol)

Following the typical procedure, a solution of dikeylmethane (0.080 g, 0.36 mmol, 3
equiv) in anhydrous THF (1.5 mL) was treated wit LHMDS in anhydrous THF (0.36 mL,
0.36 mmol, 3 equiv) at -78 °C and the reaction orixtwas stirred for 30 min at the same
temperature, then at 0 °C for further 30 nfdol(tion A. t-BuOK (0.013 g, 0.12 mmol, 1 equiv)
was added to a solution thns-hydroxy mesylat®p (0.038 g, 0.12 mmol) in anhydrous THF
(1.5 mL) and the reaction mixture was stirred 15 @ati room temperatur&e¢lution B. Solution
A was added dropwise t8olution Bat 0 °C and the reaction mixture was stirred atséume
temperature for 3 hours. Usual-work-up and filoati(see paragrapf.2.4 afforded a crude
reaction product consisting of a 60:40 mixtur@dtliibenzoylmethyl)-2,5-dihydrofurares-23
andtrans-24 (*H NMR) (0.039 g, 74% yield) which was subjectegteparative TLC by eluting
with a 7:3 hexane/AcOEt mixture (three runs). Eoticm of the most intense band afforded,
again, a 60:40 mixture of 2,5-dihydrofuracis-23 andtrans-24 (0.028 g, 53% yield) which
turned out to be inseparable also under other cli@gnaphic conditions appropriately tried.
However, accuratéH NMR analysis of the mixture of 2,5-dihydrofuracis-23 and trans-24
made the assignement of the corresponding sign&aah component of the mixture possible.

2-(Dibenzoylmethyl)-2,5-dihydrofurasis-23: R; = 0.35 (1:1 hexane/AcOEt)H NMR (250
MHz, CDCk) 6 8.03-8.13 (m,2H), 7.84-8.03 (m, 3H), 7.23-7.62 (fdH), 6.09 (ddd, 1HJ) =
6.2, 2.4, 1.5 Hz), 5.84-5.89 (m, 1H), 5.72-5.81 {#), 5.65 (d, 1H,) = 8.5 Hz), 4.78-4.84 (m,
1H), 4.43 (s, 2H), 3.70-3.81 (m, 1H), 3.32-3.43 gH) 2.41 (bs, 1H, OH).

2-(Dibenzoylmethyl)-2,5-dihydrofurammans24: Ry = 0.35 (1:1 hexane/AcOEtf{H NMR
(250 MHz, CDC}) 6 8.03-8.13 (m, 2H), 7.84-8.03 (m, 3H), 7.23-7.62 1OH), 6.14 (ddd, 1H]
= 6.2, 2.4, 1.5 Hz), 5.83-5.86 (m, 1H), 5.80-5.88 {H), 5.61 (d, 1H) = 6.9 Hz), 4.68-4.74 (m,
1H), 4.48 (s, 2H), 3.70-3.81 (m, 1H), 3.43-3.48 2H), 2.32 (bs, 1H, OH).
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4.2.6. Reaction of epoxidgB with lithium enolate of dibenzoylmethar-Li by t-BuOK/t-
BuOLi protocol) in anhydrous THF

Following the typical procedure, a suspension-BtiOLi (0.077 g, 0.96 mmol, 3 equiv) in
anhydrous THF (3.0 mL) was treated with dibenzoylraee (0.214 g, 0.96 mmol, 3 equiv) and
the reaction mixture was srirred at room tempeeatar 45 min Solution A. t-BuOK (0.036 g,
0.32 mmol, 1 equiv) was added to a solutiotrahs-hydroxy mesylat®p (0.100 g, 0.32 mmol)
in anhydrous THF (3.0 mL) and the reaction mixtwas stirred 15 min at room temperature
(Solution B. Solution Awas added dropwise &olution Band the reaction mixture was stirred at
room temperature for 18 hours. Usual work-up attication (see paragraph.2.4 afforded a
crude reaction product consisting of a 26:44:30 tunex of (-C-glycoside 253 and 2-
(dibenzoylmethyl)-2,5-dihydrofuransis-23 and trans-24 (0.107 g, 76% yield) which was
subjected to preparative TLC, by eluting with a Th8xane/AcOEt mixture (three runs).
Extraction of the most intense bands affor@e@-glycoside253 (0.016 g, 11% vyield) and an
inseparable mixture of 2,5-dihydrofuraris-23 andtrans24 (0.064 g, 45% vyield).

2-Benzoyl-3,7-anhydro-8-O-benzyl-2,4,5-trideoxy-p@nylb-xylo-oct-4-enose (253), a
pale yellow liquid. R= 0.21 (1:1 hexane/AcOEt)a]p?° = +75.4 € 0.65, CHCJ). FTIR (neaty
3447, 1695, 1597, 1451, 1334, 1269, 1199, 1096, 38 cni. 'H NMR (250 MHz, CDCJ) &
7.91-8.01 (m, 3H), 7.20-7.62 (m, 12H), 6.04-6.08 M), 5.65 (d, 1H) = 6.4 Hz), 5.15 (d, 1H,
J=6.5 Hz), 4.46 (s, 2H), 3.73-3.82 (m, 2H), 3.4833(m, 2H).2*C NMR (62.5 MHz, CDCJ) &
194.5, 194 .4, 138.2, 136.8, 136.5, 134.0, 133.7,713129.2, 128.9, 128.8, 128.7, 128.5, 127.8,
75.0, 73.7, 70.2, 62.8, 60.4, 53Mhal. Calcd for GgH260s: C, 76.00; H, 5.92Found: C, 75.93;
H, 5.64.

4.2.7. Treatment gF-C-glycoside258 with t-BuOK in anhydrous THF

A solution of 3-C-glycoside253 (0.016 g, 0.036 mmol) in anhydrous THF (1.0 mL) was
treated witht-BuOK (0.008 g, 0.072 mmol, 2 equiv) and the reactioxture was stirred at room
temperature for 3 hours. Dilution with JEX and evaporation of the washed (brine) organic
solution afforded a crude product (0.010 g, 82%dyjeconsisting of an almost 1:1 mixture of 2-
(benzoylmethyl)-2,5-dihydrofurarss-21 andtrans-22 (*H NMR).

4.3. Reactions of epoxid&xr with potassium and lithium enolates of dimethylanate and

dibenzoylmethane
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4.3.1. Reaction of epoxidgx with potassium enolate of dimethyl malonaté-K by t-BuOK
protocol) in anhydrous THF

Following the typical procedure, a suspensiort-BLOK (0.22 g, 0.20 mmol, 3 equiv) in
anhydrous THF (1.0 mL) was treated with dimethylanate (0.026 g, 0.20 mmol, 3 equiv) and
the reaction mixture was stirred at room tempeeatar 45 min §olution A. t-BuOK (0.075 g,
0.066 mmol, 1 equiv) was added to a solutiortrahshydroxy mesylate9a (0.021 g, 0.066
mmol) in anhydrous THF (1.0 mL) and the reactiorxtome was stirred 15 min at room
temperatureSolution B. Solution Awas added dropwise olution Band the reaction mixture
was stirred at room temperature for 18 hours. Usuoak-up and filtration (see paragragli?.])
afforded a crude reaction product consistingbajlucal derivative33 (0.018 g, 78% yield)
which was purified by preparative TLC, by elutingiwa 1:1 hexane/AcOEt mixture. Extraction
of the most intense band afforddamethyl 2-(1,5-anhydro-6-O-benzyl-2,3-dide@¢grabino-
hex-1-enitol-3-yl)propanedioaté33) (0.015 g, 65% vyield) as a colourless oik #.42 (1:1
hexane/AcOEt);d]p?° = -53.4 € 0.55, CHC}). FTIR (neaty 3505, 1730, 1051, 734, 698 ¢m
'H NMR (250 MHz, CDC}) 8 7.22-7.47 (m, 5H), 6.34 (dd, 1H= 6.0, 2.1 Hz), 4.62 (dd, 1H,
= 6.0, 2.1 Hz), 4.65 (d, 1H,= 12.0 Hz), 4.55 (d, 1H] = 12.0 Hz), 3.70-3.89 (m, 3H), 3.74 (s,
6H), 3.63 (d, 1H,) = 6.2 Hz), 2.92-3.12 (m, 2H)°C NMR (62.5 MHz, CDGJ) 5 169.4, 168.9,
144.2, 137.7, 128.7, 128.1, 128.0, 99.9 73.9, A¥ 18, 60.6, 53.6, 52.8, 52.7, 40Mnal. Calcd
for C1gH2207: C, 61.70; H, 6.33. Found: C, 61.38; H, 6.07.

4.3.2. Reaction of epoxidgx with lithium enolate of dimethyl malonat#0{Li by t-BuOK/t-
BuOLi protocol) in anhydrous THF

Following the typical procedure, a solution teBuOLi (0.153 g, 1.91 mmol, 3 equiv) in
anhydrous THF (6.0 mL) was treated with dimethylanate (0.252 g, 1.91 mmol, 3 equiv) and
the reaction mixture was stirred at room tempeeatar 45 min Solution A. t-BuOK (0.071 g,
0.636 mmol, 1 equiv) was added to a solutiortrahshydroxy mesylate9a (0.200 g, 0.636
mmol) in anhydrous THF (6.0 mL) and the reactiorxtome was stirred 15 min at room
temperature§olution B. Solution Awas added dropwise olution Band the reaction mixture
was stirred at room temperature for 18 hours. Uswak-up and filtration (see paragragl?.])
afforded a crude reaction product consisting of ahl mixture of 2-
[bis(methoxycarbonyl)methyl]-2,5-dihydrofuranscis-35 (31%) and trans36 (31%),
accompanied by a 1:1.5 mixture of diastereoisommri84a andp-C-glycoside34p (38%,'H
NMR) (0.167 g, 75% vyield) which was subjected tepgarative TLC by eluting with a 7:3
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hexane/AcOEt mixture (three runs). Extraction & thster moving band afforded pufienethyl
2-[(1R)-1,4-anhydro-6-O-benzyl-2,3-dideaxyerythro-hex-2-enitol-1-C-yl]propanedioatécis-
35) (0.035 g, 16% vyield), as a colourless 0i.=R0.33 (1:1 hexane/AcOEt)a[p*° = -78.6 €
0.26, CHCY). FTIR (neat)v 3461, 1732, 1436, 1256, 1197, 1153, 1070, 1096, ci*. 'H
NMR (250 MHz, CDC}) & 7.26-7.39 (m, 5H), 6.03 (d, 1H,= 6.5 Hz), 6.00 (d, 1H] = 6.5 Hz),
5.27-5.34 (m, 1H), 4.77-4.83 (m, 1H), 4.57 (d, IH; 12.0 Hz), 4.52 (d, 1Hl = 12.0 Hz), 3.76-
3.82 (m, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 3.49-3(68 3H), 2.75 (d, 1HJ = 4.4 Hz, OH. *°C
NMR (62.5 MHz, CDCJ) 6 167.8, 167.4, 138.0, 129.4, 129.2, 128.6, 12729,8, 87.7, 83.9,
73.6, 72.5, 71.1, 58.0, 52.8, 52.7. Anal. CalcdGgaiH,,0;: C, 61.70; H, 6.33Found: C, 61.33;
H, 6.01

The extraction of the slower moving band affordedi0a34:20 mixture of 2,5-dihydrofuran
trans-36, B- 34B anda-C-glycoside34a (0.088 g) tH NMR) which was dissolved in anhydrous
pyridine (3.0 mL) and treated at 0 °C with,8c (1.6 mL). After 18 hours stirring at the same
temperature, the reaction mixture was co-evaporaii#id toluene (several times) affording a
crude product (0.095 g) consisting of a correspaganixture ofO-acetyl derivativesrans-36-
OAc, 34B-OAc and 34a-OAc which was subjected to preparative TLC by elutvith a 7:3
hexane/AcOEt mixture (three runs). Extraction & taster moving band afforded a 1:2 mixture
of a- 34a-OAc and3-C-glycoside34B3-OAc (0.033 g, 13% yield)), whereas extraction of the
slower moving band afforded pumimethyl 2-[(1S)-1,4-anhydro-5-O-acetyl-6-O-ben2)3-
dideoxyb-erythro-hex-2-enitol-1-C-yl]propanedioaterans-36-OAc) (0.028 g, 11% vyield), as a
colourless liquid. R= 0.45 (1:1 hexane/AcOEtu]*° = -32.9 € 0.28, CHCJ). FTIR (neaty
1750, 1739, 1454, 1437, 1372, 1238, 1082, 1026, 80Q, 739 crit. '"H NMR (250 MHz,
CDCly) 8 7.28-7.39 (m, 5H), 6.01-6.07 (m, 1H), 5.92-5.99 {iH), 5.31-5.39 (m, 1H), 4.98-5.09
(m, 2H), 4.55 (d, 1H) = 12.3 Hz), 4.48 (d, 1H] = 12.3 Hz), 3.76 (s, 3H), 3.73 (s, 3H), 3.60-
3.67 (m, 2H), 3.57 (d, 1H] = 7.3 Hz), 2.08 (s, 3H)*C NMR (62.5 MHz, CDGJ) & 173.2,
169.0, 168.0, 133.5, 129.5, 128.9, 128.6, 127.8,71285.5, 84.7, 74.2, 73.4, 68.5, 57.4, 52.8,
52.7, 21.2. Anal. Calcd for#H»40g: C, 61.22; H, 6.167ound: C, 60.94; H, 5.75.

Accurate'H NMR analysis of the mixture @®-acetylatedC-glycosides34a-OAc and34B-
OAc made the assignation of the corresponding sigttalsach component of the mixture
possible:

a-C-glycoside34a-OAc: Ry = 0.48 (1:1 hexane/AcOEt)H NMR (600 MHz, CDCJ) & 7.24-
7.36 (m, 5H), 6.04 (ddd, 1H,= 10.5, 2.7, 1.6 Hz), 5.87 (dt, 1H= 10.5, 2.2 Hz), 5.29 (m, 1H),
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4.87 (m, 1H), 4.58 (d, 1H, = 11.9 Hz), 4.48 (d, 1H = 11.9 Hz), 3.86 (dt, 1Hl = 7.1, 4.4 Hz),
3.77 (d, 1HJ = 10.1 Hz), 3.70 (s, 6H), 3.54 (d, 285 4.4 Hz), 1.99 (s, 3H).

F-C-glycoside34B3-OAc: R = 0.48 (1:1 hexane/AcOEt)H NMR (600 MHz, CDCY) & 7.24-
7.36 (m, 5H), 5.98 (dt, 1H} = 10.4, 1.8 Hz), 5.81 (dt, 1BI= 10.4, 2.2 Hz), 5.29 (m, 1H), 4.82
(m, 1H), 4.57 (d, 1HJ = 11.9 Hz), 4.53 (d, 1H] = 11.9 Hz), 3.74 (ddd, 1H,= 8.8, 5.7, 2.8
Hz), 3.74 (s, 6H), 3.59 (d, 1H,= 9.0 Hz), 3.59 (dd, 1H] = 11.2, 2.8 Hz), 3.55 (dd, 1H,=
11.2, 5.7 Hz), 1.99 (s, 3H).

4.3.3. Reaction of epoxidé&r with potassium enolate of dibenzoylmethat@®K by t-BuOK
protocol) in anhydrous THF

Following the typical procedure, a suspension-BLUOK (0.054 g, 0.48 mmol, 3 equiv) in
anhydrous THF (1.5 mL) was treated with dibenzoylraee (0.108 g, 0.48 mmol, 3 equiv) and
the reaction mixture was stirred at room tempeeafar 45 min Solution A. t-BuOK (0.018 g,
0.16 mmol, 1 equiv) was added to a solutiotrans-hydroxy mesylat®a (0.050 g, 0.16 mmol)
and the reaction mixture was stirred 15 min at rdemperature§olution B. Solution Awas
added dropwise t&olution Band the reaction mixture was stirred at room teatpee for 18
hours. Usual work-up and filtration (see paragrdph.4 afforded a crude reaction product
consisting of a mixture ak-C-glycoside38a (68%), D-glucal-derivative39 (15%), andbd-allal-
derivative40 (17%) ¢H NMR) (0.055 g, 78% vyield) which was subjectegteparative TLC, by
eluting with a 7:3 hexane/AcOEt mixture (three nurisctraction of the faster, intermediate and
slower moving bands affordemtglucal-derivative39 (0.005 g, 7% yield)p-allal-derivative40
(0.006 g, 8% vyield) and-C-glycoside38a (0.026 g, 37% yield).

2-Benzoyl-3,7-anhydro-8-0O-benzyl-2,4,5-trideoxy-pH@nylb-arabino-oct-4-enos€38a),
a pale yellow oil. R= 0.21 (1:1 hexane/AcOEt)a[p*° = -85.6 € 0.45, CHCY). FTIR (neaty
3456, 1693, 1667, 1596, 1449, 1269, 1100, 736,888 *H NMR (250 MHz, CDCJ) & 7.93-
8.05 (m, 3H), 7.16-7.65 (m, 12H), 5.99 (ddd, JHs 10.5, 2.1, 1.4 Hz), 5.91 (dt, 1d,= 10.5,
2.1 Hz), 5.73 (d, 1H) = 9.1 Hz), 5.32 (dd, 1H] = 4.2, 2.1 Hz), 5.28 (dd, 1H,= 4.2, 2.1 Hz),
451 (d, 1HJ = 11.8 Hz), 4.39 (d, 1H] = 11.8 Hz), 4.13 (d, 1H] = 5.5 Hz), 3.72 (q, 1H] =
6.6 Hz), 3.21-3.41 (m, 2H}°C NMR (62.5 MHz, CDGJ) & 193.6, 193.5, 142.4, 137.6, 136.9,
136.6, 134.0, 133.6, 132.6, 129.6, 129.1, 128.8,712128.5, 127.9, 127.3, 73.8, 73.1, 72.7,
70.9, 65.9, 60.0. Anal. Calcd fopgE60s: C, 76.00; H, 5.92. Found: C, 75.74; H, 5.67.

4-O-Benzoyl-6-0O-benzyl-2,3-dideoxy-3-C,5-O-[(Z)esiir+1,2-diyl]-1-C-phenyb-ribo-
hexose(39), a colourless liquid. = 0.45 (1:1 hexane/AcOEt)a]p?° = -72.6 € 0.30, CHCY).
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FTIR (neatv 1720, 1684, 1451, 1265, 1108, 1026, 711, 689. s NMR (250 MHz, CDC)) &
7.83-8.03 (M, 3H), 7.12-7.64 (m, 12H), 6.41 (dd, 1 5.8, 2.1 Hz), 5.35 (dd, 1H,= 17.4, 8.0
Hz), 4.72 (dd, 1HJ = 5.8, 2.1 Hz), 4.53 (d, 1H, = 12.0 Hz), 4.43 (d, 1H] = 12.0 Hz), 4.10-
4.26 (m, 1H), 3.67 (d, 2H] = 4.1 Hz), 3.15-3.35 (m, 2H), 3.01 (dd, 1Hz 16.9, 9.7 Hz)*C
NMR (62.5 MHz, CDCJ) 6 199.4, 168.9, 144.2, 137.7, 133.2, 132.8, 12838,6, 128.3, 128.1,
128.0, 127.8, 99.9, 77.0, 73.9, 70.0, 67.8, 405]1.3Anal. Calcd for gH»0s: C, 76.00; H,
5.92. Found: C, 76.12; H, 5.73.

4-O-Benzoyl-6-O-benzyl-2,3-dideoxy-3-C,5-O-[(Z)esitr1,2-diyl]-1-C-phenyb-arabino-
hexose(40), a colourless liquid. R= 0.36 (1:1 hexane/AcOEt)a]p?° = -52.3 € 0.2, CHC}).
FTIR (neat)v 1719, 1685, 1450, 1264, 1096, 1025t NMR (250 MHz, CDCJ) & 7.76-
7.97 (m, 3H), 7.15-7.62 (M, 12H), 6.41 (dd, TH: 6.2, 2.0 Hz), 5.53 (dd, 1H,= 6.2, 5.1 Hz),
4.74 (ddd, 1HJ = 6.2, 3.5, 0.5 Hz), 4.61 (s, 2H), 4.35-4.44 (H),13.71 (dd, 2HJ =5.1, 2.5
Hz), 3.32-3.44 (m, 1H), 3.24 (dd, 18,= 17.0, 6.3 Hz), 2.96 (dd, 1H, = 17.0, 7.5 Hz)%C
NMR (62.5 MHz, CDCJ) 6 198.1, 168.0, 133.3, 133.2, 133.1, 129.8, 1228,6, 128.4, 128.2,
127.9, 127.8, 124.9, 100.2, 73.7, 71.9, 71.3, 7304, 31.2. Anal. Calcd forH,:0s: C, 76.00;
H, 5.92. Found: C, 75.81; H, 5.68.

4.3.4. Reaction of epoxidéa with lithium enolate of dibenzoylmethan®Li by t-BuOK/t-
BuOLi protocol) in anhydrous THF

Following the typical procedure, a suspension-BLOLi (0.031 g, 0.39 mmol, 3 equiv) in
anhydrous THF (1.2 mL) was treated with dibenzoylraee (0.087 g, 0.39 mmol, 3 equiv) and
the reaction mixture was stirred at room tempeeatar 45 min Solution A. t-BuOK (0.015 g,
0.13 mmol, 1 equiv) was added to a solutiotrahs-hydroxy mesylat®a (0.041 g, 0.13 mmol)
and the reaction mixture was stirred 15 min at rdemperature§olution B. Solution Awas
added dropwise t&olution Band the reaction mixture was stirred at room teatpee for 18
hours. Usual work-up and filtration (see paragrdph.4 afforded a crude reaction product
consisting of a mixture d8-C-glycoside38f (85%) andb-allal-derivative40 (15%) ¢(H NMR)
(0.046 g, 80% yield) which was subjected to prepagaTLC, by eluting with a 7:3
hexane/AcOEt mixture (three runs). Extraction &f taster moving band afforded puvellal-
derivative40 (0.006 g, 10% vyield), whereas extraction of tlevelr moving band afforded pure
2-benzoyl-3,7-anhydro-8-O-benzyl-2,4,5-trideoxy-pH@nylb-ribo-oct-4-enos€38B) (0.035 g,
61% vyield), as a pale yellow oil;R 0.42 (1:1 hexane/AcOEt)a]p?° = +105.6 ¢ 0.54, CHC)).
FTIR (neat)v 3458, 1692, 1669, 1596, 1580, 1448, 1271, 10989,1908, 732, 689 ct *H
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NMR (250 MHz, CDCY) 3 7.89-7.97 (m, 4H), 7.48-7.59 (m, 2H), 7.27-7.47 ), 7.17-7.24
(m, 2H), 5.95 (ddd, 1H] = 10.5, 1.8, 1.4 Hz), 5.79-5.86 (m, 1H), 5.501H, J = 8.1 Hz), 5.18-
5.25 (m, 1H), 4.43 (s, 2H), 4.06-4.14 (m, 1H), 3385 (m, 3H), 2.47 (bs, 1H, OKC NMR
(62.5 MHz, CDCY) & 194.3, 193.7, 137.9, 137.1, 136.5, 133.8, 1330,6], 130.2, 129.1, 128.9,
128.7, 128.6, 128.0, 127.9, 127.7, 77.4, 75.2,, TR&, 66.0, 61.3. Anal. Calcd fopdEl,cOs: C,
76.00; H, 5.92Found: C, 75.73; H, 5.81.

4.3.5. Treatment af- 38a and S-C-glycoside384 with t-BuOK in anhydrous THF

A solution of 3-C-glycoside383 (0.035 g, 0.079 mmol) in anhydrous THF (1.0 mL) was
treated witht-BuOK (0.018 g, 0.16 mmol, 2 equiv) and the reactiurture was stirred at room
temperature for 3 hours. Dilution with JEX and evaporation of the washed (brine) organic
solution afforded a crude product consisting of ptex reaction mixture which was not
furtherly examined.

The same result was obtained also when the sam#ioreawas repeated with the

diastereoisomeria-C-glycoside38a, under the same reaction conditions.

4.4. Reaction of epoxidégr and6 with lithium anion of benzyl carbamate

4.4.1. Reaction of epoxidgs with lithium anion of benzyl carbamaté5(LiHMDS by LHMDS
protocol) in anhydrous THF

Following the typical procedure, a solution of b@nzarbamate (0.059 g, 0.39 mmol, 3
equiv) in anhydrous THF (2.5 mL) was treated wikh IHMDS (0.39 mL, 0.39 mmol, 3 equiv)
at -78 °C and the reaction mixture was stirred3omin at the same temperature, then at 0 °C
for 30 min Solution A. t-BuOK (0.018 g, 0.16 mmol, 1.2 equiv) was added wohution of
transhydroxy mesylat®p (0.041 g, 0.13 mmol) in anhydrous THF (3.0 mL) dhe reaction
mixture was stirred 15 min at room temperati8eltion B. Solution Awas added dropwise to
Solution Bat 0 °C and the reaction mixture was stirred at $hme temperature for 3 hours.
Usual work-up afforded a reaction product (0.079cgpsisting of a 92:8 mixture of 2-
(benzyloxycarboxamido)-2,5-dihydrofurais-49 andDp-gulal-derivative50 (*H NMR), with the
excess of benzyl carbamate, which was subjectgurdparative TLC, by eluting with a 7:3
hexane/AcOEt mixture (three runs). Extraction e #hower moving band afforded pusenzyl
[(1S)-6-O-benzyl-2,3-dideoxy-threo-hex-2-enofuranosyl]carbamatéeis-49) (0.028 g, 58%
yield), as a colourless oil.{R 0.21 (1:1 hexane/AcOEt)a]p?° = +97.6 € 0.45, CHCY). FTIR
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(neat)v 3446, 3336, 1693, 1518, 1454, 1235, 1049, 1082, 897 crit. '"H NMR (250 MHz,
CDCl3) 6 7.28-7.41 (m, 10H), 6.32 (dd, 181z 10.1, 1.5 Hz), 6.02 (dt, 14,= 5.9, 1.6 Hz), 5.83
(dt, 1H,J = 6.0, 2.1 Hz), 5.50-5.60 (m, 1H, NH), 5.12 (d,, 24 7.8 Hz), 4.75 (t, 1H) = 2.0
Hz), 4.55 (s, 2H), 3.76-3.82 (m, 1H), 3.54-3.61 @hl), 2.50 (bs, 1H, OH)}*C NMR (62.5
MHz, CDCk) 6 154.8, 137.8, 136.1, 131.0, 128.7, 128.6, 12&8,11, 128.0, 127.9, 85.2, 77.4,
73.7, 71.9, 70.6, 67.1. Anal. Calcd fo$:8,3NOs: C, 68.33; H, 6.28; N, 3.79. Found: C, 68.28;
H, 6.27; N, 3.61.

D-Gulal derivative50 was not recovered from the preparative TLC. Howeaa accurate
examination of the'H NMR spectrum of the crude reaction mixture firndgtablished its
presence and made the assignation of correspormjngls possible, as here reported:

D-gulal derivative50: *H NMR (250 MHz, CDCJ) & 7.28-7.41 (m, 10H), 6.59 (d, 1H,= 5.6
Hz, Hy), 5.15-5.21 (m, 1H), 3.94-4.05 (m, 1H), 2.91 (bd, OH).

4.4.2. Reaction of epoxidar with lithium anion of benzyl carbamaté5(LiHMDS by LHMDS
protocol) in anhydrous THF

Following the typical procedure, a solution of b@nzarbamate (0.082 g, 0.54 mmol, 3
equiv) in anhydrous THF (1.8 mL) was treated wikh IHMDS (0.54 mL, 0.54 mmol, 3 equiv)
at -78 °C and the reaction mixture was stirred3omin at the same temperature, then at 0 °C
for further 30 min $olution A. t-BuOK (0.020 g, 0.18 mmol, 1 equiv) was added tolaten of
trans-hydroxy mesylat®a (0.057 g, 0.18 mmol) in anhydrous THF (1.8 mL) dhe reaction
mixture was stirred 15 min at room temperati8eltion B. Solution Awas added dropwise to
Solution Bat 0 °C and the reaction mixture was stirred at $hme temperature for 3 hours.
Usual work-up afforded a crude reaction product10.g) consisting ofi-N-glycoside52a and
excess of benzyl carbamate which was subjectedrd@papative TLC, by eluting with a 7:3
hexane/AcOEt mixture (three runs). Extraction & thost intense band affordednzyl [(1S)-6-
O-benzyl-2,3-dideoxp-threo-hex-2-enopyranosyl]carbamatg2a) (0.039 g, 59% vyield), as a
white solid; m.p. 99-100 °C.{R= 0.16 (1:1 hexane/AcOEt)a]p?® = -14.9 € 0.67, CHCY).
FTIR (nujol) v 3467, 3319, 1691, 1522, 1259, 1084, 1019, 797.ciH NMR (250 MHz,
CDCly) & 7.28-7.42 (m, 10H), 5.96-6.04 (m, 1H), 5.70-5.#§ (H), 5.65-5.70 (m, 1H), 5.59-
5.65 (m, 1H), 5,09-5.22 (m, 2H), 4.58 (d, 2H; 2.2 Hz), 4.18-4.26 (m, 1H), 3.77-3.84 (m, 1H),
3.57-3.69 (m, 2H), 2.93-3.03 (m, 1HFC NMR (62.5 MHz, CDGJ) & 155.5, 137.5, 133.5,
128.8, 128.7, 128.7, 128.5, 128.3, 128.2, 128.7,9.279.5, 74.1, 71.4, 69.6, 67.3, 66-C
NMR (62.5 MHz, CRCN) &6 154.9, 139.7, 138.0, 134.9, 134.7, 129.5, 12923.0, 128.8,
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128.7,128.4, 75.3, 73.8, 72.7, 71.1, 67.2, 64rfal. Calcd for GiH23NOs: C, 68.28; H, 6.27; N,
3.79 Found: C, 68.01; H, 5.89; N, 3.41.

4.4.3. Treatment af-N-glycosides2a with t-BuOK in anhydrous THF

A solution of a-N-glycoside52a (0.063 g, 0.17 mmol) in anhydrous THF (1.0 mL) was
treated witht-BuOK (0.038 g, 0.34 mmol, 2 equiv) and the reactitrture was stirred at room
temperature for 1 hour. Dilution with B and evaporation of the washed (brine) organic
solution afforded a crude product (0.049 g, 78%dyjeconsisting of a 71:29 mixture of 2-
(benzyloxycarboxamido)-2,5-dihydrofuranis-53 andtrans54 (*H NMR) with a small amount
of unreactedx-N-glycoside52a, which was subjected to preparative TLC, by elytvith a 7:3
hexane/AcOEt mixture (three runs). Extraction & two most intense bands (the faster moving
band containedis-53) afforded pure diasterecisomefs-dihydrofuransisb3 (0.025 g, 40%
yield) andtrans54 (0.008 g, 12% vyield).

Benzyl [(1R)-6-O-benzyl-2,3-dideoryerythro-hex-2-enofuranosyljcarbamatgis-53), a
pale yellow oil. R= 0.23 (1:1 hexane/AcOEt)a]p?° = - 46.8 € 0.22, CHCJ). FTIR (neat)v
3401, 3298, 1707, 1515, 1455, 1414, 1262, 10971,18® cni. *H NMR (250 MHz, CDC}) &
7.29-7.49 (m, 10H), 6.30 (d, 1H,= 9.5 Hz), 6.12 (d, 1H] = 6.1 Hz), 5.82 (d, 1H] = 5.9 Hz),
5.42-5.57 (m, 1H), 5.05-5.24 (m, 2H), 4.68-4.80 {iH), 4.55 (s, 2H), 3.78-3.92 (m, 1H), 3.63
(dd, 1H,J = 9.6, 4.0 Hz), 3.53 (dd, 1H, = 9.7, 5.9 Hz), 2.43-2.56 (m, 1HYC NMR (62.5
MHz, CDsCN) & 155.7, 132.4, 132.3, 129.3, 129.2, 128.9, 128B.4, 128.5, 128.3, 127.9,
86.6, 73.6, 73.1, 73.0, 72.3, 67.0. Anal. CalcddgH,3NOs: C, 68.28; H, 6.27; N, 3.7%ound:

C, 68.15; H, 6.05; N, 3.85.

Benzyl [(1S)-6-O-benzyl-2,3-dideoryerythro-hex-2-enofuranosyl]carbamatgans54), a
colourless oil. R= 0.12 (1:1 hexane/AcOEt)p]p?° = -19.6 € 0.23, CHCY). FTIR (neat)v
3546, 3393, 1713, 1518, 1462, 1413, 1259, 10832,1042 cni. *H NMR (250 MHz, CDC}) &
7.28-7.39 (m, 10H), 6.33-6.42 (m, 1H), 6.25 (dt, I 5.9, 1.5 Hz), 5.80 (ddd, 1H,= 6.0, 2.2,
1.5 Hz), 5.15-5.22 (m, 1H), 5.09-5.15 (m, 2H),24889 (m, 1H), 4.58 (d, 1H = 11.7 Hz),
4.53 (d, 1HJ = 11.7 Hz), 3.67-3.78 (m, 1H), 3.54-3.67 (m, 2HL NMR (62.5 MHz, CRCN)

0 151.1, 133.2, 133.1, 129.5, 129.3, 129.0, 1288,7, 128.6, 128.5, 127.8, 86.6, 73.8, 73.5,
73.2, 72.6, 67.1. Anal. Calcd for.fE1,3NOs: C, 68.28; H, 6.27; N, 3.79. Found: C, 68.04; H,
5.93; N, 3.39.
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4.5. NMR measurements

'H and®*C measures were carried out by means of Varian IN®GY0O spectrometer at 600
MHz for *H and at 150 MHz fot°C, respectively, in the appropriate deuteratedestl¢CDCH,
CDsCN and/or DMSO-g) by using TMS as the external standard. Temperahas been
controlled to + 0.1 °C by Varian control systemr &dl the 2D spectra, the minimum spectral
width has been used in both the dimensions. COSYi@l&ion SpectroscopY) spectra have
been recorded by using a relaxation daly of 1 8,ii@rements of 4-16 scareach with 4K data
points. For 2D-TOCSY (TOtal Correlation Spectros¢pppectra, a mixing time of 80 ms has
been used, with 256 increments of 4-16 scaash with 4K data points. 2D NOESY (Nuclear
Overhauser Effect SpectroscopY) measures have teeied out by using 1 s mixing time.
Relaxation dalay was maintained at 2 s: 256 increésnef 16-32 scans each with 4K data points.
g-HSQC (gradient-Heteronuclear Single Quantum Catiom) and HMBC (Heteronuclear
Multiple Bond Coherence) spectra have been recond#d32-128 increments of 32 scans, by
using a relaxation daly of 1 s. HMBC experiment basn optimized for 8 HH-°C long-range

coupling constant. No decoupling during acquisitias been used.
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the equilibrium in epoxide§f and6a, respectively, contain the same ring conformation,
with the oxirane and the endocyclic oxygens ondame side of the molecular plane.
Corresponding, less stable, conforméfs and6a” have the same two oxygens on the
opposite side of the molecular plane (Scheméyror simplicity, only the more stable

conformer6a’ of epoxideba is shown in Scheme 17.

Actually, in accordance with the evidences tbunthe case of the rearragement process
leading to 2,5-dihydropyrroles from aziridings and1, it is reasonable, as envisaged in
Scheme 2, that the intermediate formation and poesef corresponding 1,4-adducts in
the reaction mixture, independently on treeiror 3-configuration, is necessary in order to
trigger the isomerization process to 2,5-dihydrafs by epoxides6a and 6B (see ref.
3la).
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Appropriate experiments, carried out on theresponding isolated product, have
indicated that 2,5-dihydrofurangs-12, cis-21, trans22, cis-35, trans36-OAc, cis-49,
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39.

40.

41.

42.

cis-53 andtrans54 are completely stable under the reaction conditiogesd for their
formation and, consequently, that the cyclizatimpss not reversible.

Correctly speaking, only the not isolated prynaeaction product8C (Scheme 10)43
(Scheme 17route b) and44 (Scheme 17toute c) could be considered &s4-trans-(30
and 43) and 3,4-cis-product(44). However, the same simplified nomenclature could
reasonably be extended to the corresponding feedtion produckO (Schemes 8 and
10), 39 and40 (Schemes 16 and 1Whose presence is strictly related to the formatibn
30, 43and44, respectively (Schemes 10 and 17).

All the obtained compound2( cis-21 and trans-22, Scheme 8, eq 1) showed the
presence of a 2-(benzoylmethyl)- substituting ch@@H,COPh) instead of the 2-
(dibenzoylmethyl)-substituentCH(COPh})], as expected on the basis of the structure of
the nucleophile. This simplification of the residefethe nucleophile in the products is due
to a retro-Claisencondensation on the corresponding, initially formed 2-
(dibenzoylmethyl)- derivative80, cis-23 andtrans-24 (the primary reaction products),
which are not found in the crude reaction mixtueeduse not stable under the alkaline

reaction conditions (Schemes 8-10 and eq. 1, Sci@ne

Interestingly, the alkaline reaction conditioisSBuOK) do not determine mono
debenzoylation o€-glycosides25a and253, but deprotonation of the residual aieH
bond of the (dibenzoylmethyl)- group to give therresponding enolate speci@é
(Scheme 8).

The observed lack of facial selectivity in fleemation of 2,5-dihydrofuransis-21 and
trans22 was decidedly unexpected. Evidently, the possiblecurrence of an
intramolecular cation binding through potassiumiaratin folded conformeR29-Si, as
tentatively shown in Scheme 8 (M = K), is not stiint to direct the facial selectivity in
the cyclization process, as when the more coordigdithium cation is involved as in the

case of formation of 2,5-dihydrofurais-12 (Scheme 7, intermedials&-Si).

In the reactions of glycal-derived epoxidés and 6B with O- and C-nucleophiles, the

correspondindl,4-cis-produdB,4-trans-productratio was demonstrated to be increased

46



43.

44,

45.

46.

47.

by favouring the occurrence of a coordination benvéhe nucleophile and the oxirane
oxygen (see ref. 33). As a consequence, havingmeasy admitted that the obtained 2,5-
dihydrofurans derive from the corresponding-cis-and/orl,4-trans-products(Schemes

7 and 8), if the amount of these addition produstscreased, also the amount of the
rearranged products (corresponding 2,5-dihydrofuraterivatives) could be
correspondently increased in the final crude reaatnixture.

It is interesting to note that wheBuOK is not directly involved in the formation tie
enolate species and in the rearrangement proces®)-debenzoylation, by retro-Claisen
condensation, does not occur and 2-(dibenzoylmeghgtdihydrofuranscis-23 and

trans-24 are the reaction products (eq. 2, Schemes 8 and 12

On the basis of the previously observed behavib@poxide6f in nucleophilic addition
reactions in the presence of a chelating catiohi agref. 33),3-C-glycoside253 could
largely be the main 1,4-adduct in the reactio®f®with enolatel9-Li (Scheme 8, eq. 2,
first step,and Scheme 11), accompanied by only a very smaduatmof a-C-glycoside
250. However, the possibility of a non-stereoselectivamation of 3- 253 and a-C-
glycoside25a, with the latter more readily converted into 2jBydirofurans, cannot be

ruled out.

Evidently, the exclusive presence in the reaatnixture of the less coordinating i not
sufficient, in ths case, to determine the formatdrcorrespondind.,4-cis-productAs a
consequence, the expected rearranged productgsgotinesponding 2,5-dihydrofuran(s),

cannot be obtained.

Evidently, both folde®7-Re (presence of an intramolecular cation binding,esoh 15)
and corresponding unfolded intermediate conforrabsénce of an intramolecular cation
binding, not shown), leading to 2,5-dihydrofurais-35 and trans-36, respectively, are

likewise involved in the case of epoxife.

The theoretical study was performed on two &ffre@ models, TS-18-OMe-Siand TS-
37-OMe-Re corresponding td'S-18S and TS-37Re respectively, in which the BnO-
group present infS-18Si and TS-37Rehas been substituted with the simpler, less
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48.

49.

50.

51.

52.

53.

calculation demanding MeO- group (see Scheme 13-ande 1 in Supplementary data).

The low amount 08,4-trans-product3S obtained in the reaction could be due to the
occurrence of 1,3-syn-diaxial repulsion between lenghile (enolate19-Li) and

benzyloxymethyl group, as shownrimuteb, Scheme 17.

The proposed mechanism of formation 34-cis-product4C, through not isolable
intermediated4 (Scheme 17routec), is based on the “ion-dipole pair’ mechanismtfo
ring opening reactions of 2-aryl oxiranes underdaconditions. See: a) Crotti P,
DellOmodarme G, Ferretti M, Macchia B.. Am. Chem .S0&987; 109: 1463469 and
b) Crotti P, Di Bussolo V, Macchia F, Favero L, &ohi M, Lucarelli L, Roselli G, Renzi
G. J. Phys. Org. Chem2005; 18: 321-328 and references therein.

The obtainment ofl,4-trans-product383, as the only 1,4-adduct by the reaction of
epoxide 6a under t-BuOKA-BuOLi protocol, is in contrast with the 1,4-syn-
stereoselective behaviour commonly observed inemdlilic addition reactions to glycal-
derived epoxidesa and6f under chelating reaction conditions (presencéefstrongly
coordinating LT in the reaction mixture, see ref. 33). A satisfagtexplanation of this

unusual behaviour of epoxide is not at the moment available.

As previously observed in the correspondingtiea with lithium enolatelC-LIHMDS ,
the reaction of epoxide 6a with lithium enolate 19-LIHMDS by
dibenzoylmethane/LHMDS protocol afforded only a @bex reaction mixture which was

not furtherly examined. (Table 2, entry 6).

Approximate value, see: Ripin DH, Evans.[hem 206, Harvard, at

http://evans.rc.fas.harvard.edu/pdf/evans_pKa_iadife

Theoretical calculations have indicated that inestiate 1,4-cis-product47B exists, in
THF and invacuum,as 80:20 and 86:14 equilibrium, respectively, l@stw conformers
4703’ (pseudoequatoriatNHCO,Bn) and47B" (pseudoaxiaHFNHCO,Bn), whereasl, 4-
cis-product52a practically exists as the only conform2a’ (pseudoaxia-FNHCO,Bn)
(52a’: 52a” = 99:1) both in THF and imacuum(see Supplementary data).
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OH BnO
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HO
520’ NHCO,Bn 52a"

99 THF or vacuum 1
The consistent presence of corresponding “pseudoedakitoonformer473’ makes473
not isolable because readily transformed into 2pydtofurancis-49 via C(1)-O(5) bond
cleavage due toexocanomeric effect (Scheme 18). The exclusive present
corresponding “pseudoaxial” conform&2a’ makes52a less prone to isomerization to

the point that it is recovered as the only reactimduct (Scheme 19).

In order to simplify the discussion in th8tfuctures and configuratiohgaragraph
(Schemes 21-23), the numbering of six-memberedrdmteles {,4-cis- and 1,4-trans-
productsand3,4-cis-and3,4-trans-productshas been modified in order to have the same
number given to corresponding carbons in six-meetband five-membered heterocycles
(2,5-disubstituted-2,5-dihydrofurans).
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