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o 2,3,5-Tri:O-benzyl-D-arabinofuranosyl halides (chloride, bromide) were reacted with AlIMgBr;
MeMgBy, and VinMgBr to furnish anomeric mixtures of the C-glycosyl products. The factors
that influenced the B/a ratio are discussed. The o,B-C-vinyl derivative was transformed into
1-deoxy-1-C-hydroxymethyl-B- and -o-D-arabinofuranoses (2,5-anhydro-D-glucitol and -mannitol,
respectively), separable after isopropylidenation step. 2,5-Anhydro-1,3-O-isopropylidene-D-glucitol
was converted into 2,5-anhydro-6-O-triphenylmethyl-D-erythro-hex-3,4-enitol and 2,5-anhydro-
4, 6-di-O-benzoyl-3-deoxy-D-ribo-hexitol, which were coupled with N-3-benzoylthymine under the
Mitsunobu conditions to furnish two analogs of nucleosides with a -CH»- insert between sugar

moieties and thymine.
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INTRODUCTION

Long-lasting synthetic interest in nucleoside analogs is dictated by
the hope to obtain compounds capable to interfere with functioning of
enzymes, which can manifest as antiviral, anticancer, antibacterial, insecti-
cidal, fungicidal or herbicidal activity. A spread of HIV, hepatitis B, herpes
simplex, and other viruses gave strong impulse to this type of work.!!~1%]
Basically, there are three possibilities to obtain analogs of nucleosides:
(1) to change a carbohydrate part; (2) to change a heterocyclic part; or
(3) to change a mode of connection between both moieties. Selected
examples that illustrate the last possibility are illustrated in Figure 1. Most
of the compounds shown are the homo-C-nucleosides, which have a -CHo-
linker between a sugar and heterocyclic moieties.['*27] Some of them,
like DADMe-immucillin-H 8 are active at a picomolar range in several
biological systems.!?1:22] One of the synthetic possibilities to obtain homo-
C-nucleoside is to prepare appropriately functionalized C-glycosyl precursor
and to couple it with a heterocyclic moiety. We used this approach to obtain
the homo-C-analog 3!'°! of the commercial anti-HIV drug d4T, and also
homo-C- thymidine 4.!'%! This article reports the full experimental details
of this work.

The literature about C-glycosyl compounds is abundant,[2-3%] however
obtention of these derivatives in a stereochemically predictable manner is
generally difficult. Nevertheless, many diversified methods to obtain B-C-
arabinofuranosides or a-C-arabinofuranosides with predetermined configu-
ration were published:

1. intramolecular  substitutions in appropriately functionalized

mannoses; 40

reaction of arabinolactone with 2-lithiumthiazole followed by Smly

reduction;*

intramolecular substitution in aldonic acid esters;

BHs3.SMeo-BF3.EtoO cleavage of inulin or levan;*3]

cyclizations of aminoglucitol mediated by anh. HF;[44]

thermal ring contractions of 2-O-trifluoromethanesulfonates;

oxidation of 2-deoxy-2-selenophenyl derivatives with mCPBA followed

by ring contraction; ¢!

8. ring contraction in 3,4,6-tri-O-benzyl-D-glucal in the presence of
TI(NO3) ;7!

o

[42]

[45]

No Otk
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FIGURE 1 Analogs of nucleosides with a different mode of connection between hetercyclic bases and
sugar moieties.

9. cyclization of 2-amino-2-deoxy-D-glucose in the presence of NaNOo-
HCL; 8]
10. acid catalyzed dehydration of D-mannitol**:5°) or 1,6-di-O-benzoyl-D-
mannitol;[°!]
11. tris(trimethylsilyl)silane-AIBN reduction of 2-selenophenyl derivatives
of D-fructofuranose;!°?!

12. intramolecular Friedel-Crafts reaction;5%]
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13. reaction of D-arabinose with Meldrum’s acid;**

14. acid-catalyzed cyclizations of 1-deoxy-1-dimetylphenylsilyl-L-glucitol;!%%]

15. opening of cyclic sulfates derived from alditols;!*%]

16. PdCle-CuCl-Os mediated cyclizations followed by EtsSiH-BFs.EtoO
reductions; 7]

17. stereospecific opening of alditol epoxides

18. intramolecular aglycon delivery;!®"!

19. reactions of bromomagnesium phenolates with 2,3,5-tri-O-benzyl-D-
arabinofuranose followed by cyclization and O— C migration;!®!)

20. cyclizations of arabinohex-1-enitols;!6-55]

21. BF5.EtO mediated coupling between allyltrimethylsilane and 1-O-
acetyl-2,3,5-tri-O-benzoyl-D-arabinofuranose; %!

22. substitutions with inversion of configuration at the anomeric center in
the presence of a nonparticipating group using a cyanide ion; %7!

23. Lewis acid mediated reactions of 1-O-p-NOg-benzoyl-2,3,5-tri-O-benzyl-
D-arabinofuranose and TMS-CN;[68]

24. rection of 2,3,5-tri-O-benzylarabinofuranosyl chloride and sodium
diethylmalonate; %]

25. photochemical reaction between exocyclic methylene glycal and
chlorodiethylmalonate. "

[58] [59]

or diepoxides;

The data from Acton et al.l%7) is particularly relevant to our project
since it demonstrates a possibility to obtain the B-C-arabinofuranosides with
acceptable selectivity via the inversion of configuration at the anomeric
center (Scheme 1). It was clearly demonstrated that the bromides 15 («:8
= 17:3) furnished the cyanides 16 («:8 = 1:4) with inverted «:f ratio. At
the same time intermediacy of the oxocarbenium cation 18 (derived from
p-nitrobenzoates 17 under the influence of TMS-OTf in this case!®!) should
be avoided since it may favor formation of the a-C-products.!®! Similar pro-
cedures starting from 19 (R = -OAc) furnished C-allyl arabinofuranosides
20 with no selectivity at all.[”!) The trimethysilylated glycoside 21 furnished
22 with a small selectivity towards the g anomer.!”?!

RESULTS AND DISCUSSION

Since we were interested to obtain the analogs of nucleosides which have
B configuration, we concentrated attention on the 2,3,5-tri-O-benzyl-a-D-
arabinofuranosyl chloride 24 and bromide 25 as substrates. Both 24 and
25 have a nonparticipating group at the C2 atom and good leaving groups
at the CI position. The leaving groups and the H2 atom are cis-oriented, so
E2 elimination is unfavorable during reactions with basic reagents, whereas
elimination via the Elcb mechanism is not probable due to a lack of anion-
stabilization capacity of the 2-O-Bn group. Consequently, the inversion of
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SCHEME 1 Stereoselectivity of formation of the C-arabinofuranosides using different conditions.

configuration at Cl should favor formation of the B configured 1,2-cis
product with a suppression of elimination, as noticed before in a manno
series.[”#7] It should be pointed out that a substitution with inversion of
configuration at the anomeric center may not imply an Sy2 mechanism even
if a group at C2 position has a nonparticipating character. In fact, an Sy1
ion-pair mechanism was suggested for methanolysis on the basis of kinetic
data in several arabinofuranosyl chlorides.!”®! In one case elimination of
HCI was observed during a reaction involving the chloride 24. Glaudemans
et al.l’" isolated glycal 26 during a reaction of 24 with p-nitrophenol in the
presence of 4A molecular sieves. No explanation was offered to rationalize
this fact.

Both 24 and 25 were used to obtain C-glycosyl intermediates 43 and 47
as shown in Scheme 2.

The chloride 24 was obtained from p-nitrobenzoates 17 by the published
procedure!™! as an a:f = 95:5 mixture by 'H 200 MHz measurement.
Attempts to obtain 24 directly from 2,3,5-tri-O-benzyl-D-arabinofuranose 23
by the method of Perlin et al.[?”! (MsCl, sym-collidine) were negative and
resulted only in black, heterogeneous mixtures, whereas triphosgene and 23
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a.HCI/CH,CI,, 0‘; £.0,, -78° k.BzCl, Py p.PhOC(S)CI, Py
b.HBI/CH,Cl,, O 9.NaBH, .BnCl, KOH q.Bu,SnH, AIBN
c.AllMgBr, -78° to rt. h.Pd/C, H, m.H+ r.Bu,NF
d.MeMgBr, -78° to rt i.acetone, H*  n.TBDMSCI, imidazole s.(imid),C=S
e.VinMgBr, -78°to rt.  j.TrCl, Py 0.iPr,NH, MeOH

* Yields for two consecutive steps

SCHEME 2 Preparation of the C-glycosyl alcohols 43 and 47.

was published to yield 24 with a higher content of the unwanted 8 anomer
(a:p = 86:14).13%] The bromide 25 was also obtained from 17,811 but due
to its instability the 'H NMR spectrum was not run. Since obtention of
C-arabinosyl compounds starting from 24 and Grignard reagents doesn’t
seem to have been reported, we reacted it with AllMgBr and MeMgBr
to test a reaction since the C-allyll”72! and C-methyl!®®! derivatives 27
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and 28, respectively, obtained in different ways are known. Indeed, the
chloride 24 furnished inseparable f:a = 4:1mixture 27, with predominant
formation of the B anomer as expected. It was evident from the 'H
and '*C spectra of the mixture which show that the minor component
matches its signals with those of the pure 27« whose configuration was
established by the NOE measurement.!”!! Likewise 24 reacted with MeMgBr
and formed B:o = 45:10 mixture 28, again with predominant formation
of the B anomer as established by comparison of its NMR data with those
of the known compound.[%! Interestingly, 2,3;5,6-di-O-isopropylidene-o-D-
mannofuranosyl chloride and AlIMgBr furnished allyl C-mannofuranosides
in roughly the same B:a = 3.5:1 proportion.!”] The B preference shown
here remains in contrast with the results obtained during Lewis acid
catalyzed reactions as mentioned above.[”":7! Having confirmed that 24
can furnish the C-glycosides with acceptable B selectivity, we treated it
with vinylmagnesium bromide with a hope to obtain predominantly the
B-C~vinyl anomer. Unexpectedly, the proportion of both anomers in 29
was inverted (B:a ~1:4) by comparison with the chemical shifts of the
known derivatives.!®*] More reactive bromide 25 and VinMgBr resulted in
a higher content of the 8 anomer as evidenced by the higher yields of the
acetonide 33 (see the Experimental section). 29 decomposed substantially
even in a refrigerator probably via free-radical polymerization, as evidenced
by formation of a long streak on TLC. It should be stressed that the Ji1.1e
coupling constants in C-arabinofuranosides cannot be used to judge their
anomeric configurations!®2] contrary to the O-arabinofurosides.[83:34]

Formation of the B C-glycosides in the abovementioned experiments
can be interpreted as a result of substitutions with inversion of configuration
at the anomeric center. These “B” attacks can be additionally facilitated by
complexation of the incipient RMgBr molecules by the C2-O-Bn and/or
C5-O-Bn oxygen atoms. A similar idea was expressed by van Boeckel et
al.[%%] and Dahlhoff et al.[”! to rationalize formation of the B config-
ured O-alkyl mannopyranosides and mannofuranosides, respectively. Thus,
formation of a hydrogen bond between attacking alcohol and the C2-O
atom!®! or formation of a transient borate-like intermediates during initial
stage of reaction of sodium alkoxides and 2,3;5,6-di-O-ethylboradienyl-c-
D-mannofuranosyl®°rdl7?] would facilitate a displacement of a leaving
group with inversion. Also, Dunkerton et al.!¥¢] noticed that some “B
selectivity” during a Ferrier rearrangement could be obtained by chelation
of Lewis acid catalyst with a nucleophile and a leaving group at C3 atom in
glucal moieties. These possibilities resemble a mechanism of intramolecular
aglycon delivery.[®7]

Formation of the o-C-anomers in turn can be rationalized by three
independent mechanisms as illustrated in the Scheme 3. The first possibility
is a halide-ion catalysis.!®® The highly reactive 8 chloride or bromide 49 (a
source of Br~ can also be MgBry resulting from a Schlenk equilibrium!89))
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SCHEME 3 Possible mechanisms of formation of the a-C-arabinofuransides.

could be formed during X~ attack on the o substrate 24 or 25, which
could then react with inversion of configuration at Cl to furnish the
products 27c, 28c, or 29«. Alternatively, a free-radical mechanism can be
considered, particularly when AlIMgBr was used. A transfer of one electron
from a Grignard reagent to 24 or 25 could form the anomeric radical 50
after ejection of the halide anion. If this radical is o, its configuration
should be « due to a favorable interaction with the o* orbital of the
C2-OBn bond (“quasi anomeric effect”!%)). Recombination of the 50«
and.R should furnish the o product. If the unpaired electron occupies the
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p orbital, an extended anomeric effect (Nendocyclic 0-Pc1- 0 *c2.0Bn) would
be responsible for its stabilization.!?!! Subsequent attack of the R should
proceed from the “a side” due to the kinetic anomeric effect.[%?) It is
clear that, irrespective of the character of the anomeric radical (o or
p), the product should have a configuration «. Similar substitution with
retention of configuration via Grignard reagent-induced single electron
transfer process was noticed during a synthesis of desoxybiotin.[%*] The last
mechanism involves interaction of 24 or 25 with MgBre which is a Lewis
acid. Abstraction of C1~ or Br™ anion from 24,/25 would furnish a cation 18,
which could be attacked by nucleophiles from the re side at C1 to yield the «
product, or from the s side to furnish the B product. The re/ si selectivities
in similar systems were discussed.[?*91 Schmitt et al.[ used Felkin-Anh
type analysis to rationalize the stereochemistry of the products resulting
from reactions of oxocarbenium cations formed from monosubstituted
y-lactols and BFs EtoO, and allylic/propargylic silanes or silyl enol ethers
as nucleophiles. Their conclusions were that the substituents at the 3,
4, or 5 positions (a y-lactol numbering) all favor formation of the trans
products. The influence of the C4 substituent is particularly efficient. On
assumption that these effects are independent of each other one could
translate them to the case of the arabinosyl cation 18 and to conclude that
the 2-OBn and 4-CHoOBn groups should favor formation of the & anomers,
whereas the 3-OBn group should favor formation of the 8 anomers. The
results of Nicotral7!”*] may suggest that both tendencies cancel each other
and this results in no preference towards the o or the B anomer. The
analysis of Woerpel!-%] is based on a combination of three factors: (1)
conformation of the reacting oxocarbenium ion which can be influenced
by electrostatic interactions with the axially disposed alkoxy substituents;
(2) stereoelectronically controlled attack of a nucleophile (allyltrimethyl-
silane) on the oxocarbenium cations; and (3) steric interactions in the
newly formed products. The conclusion derived from this analysis was
that the C3-attached (carbohydrate numbering) —OR group influences the
reactive conformation in such a way that a 1,3-syn product is predomi-
nant. Thus, the 2-deoxy-threopentofuranosyl derivatives favor formation of
the B-C-allyl glycoside, whereas the ribo- or 2-deoxy-erythropentofuranosyl
derivatives favor formation of the a-C glycosides.'%! The arabino case is
still different since two flexible reactive conformations are possible: the
first one with axial(pseudoaxial) substituents, which favors formation of
the o arabinoside, and the second one with equatorial (pseudoequatorial)
substituents which favors formation of the g arabinoside.!®) Another issue
is a relative population of both conformations and their reactivities.!%]
Experimental results suggest that all the factors anihilate each other and
result in no selectivity at all.l71.731 Both analyses must be somehow limited,
since TMS-OTY catalyzed installation of the —CN group at the anomeric
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position of 17 via oxocarbenium cation 18 furnished a product 16 with
clear preference towards the o anomer (see Scheme 1).1%8] Tomura et
al.![! have shown that if a conformation of the ring is secured (*C; or
'C4) by judicious choice of the protecting groups, very high degree of
a or B selectivity, respectively, can be obtained in xylopyranosyl system
during C-glycosylation thanks to the kinetic anomeric effect. The same
idea was applied to L-arabinofuranose: If a reactive oxocarbenium cation
was locked in its sE conformation (e.g., by formation of the cyclic 3,5-
di-tbutylsilane) high B selectivities were obtained.!'%! This was realized
for O-arabinofuranosides only. It is interesting to notice that 1-O-acetyl
2,3,5-tri-O-benzoylarabinofuranose, AIITMS and BF3.EtoO furnished a:f =
10:1 proportion of the allyl arabinofuranosides!®®] whereas the 1-O-acetyl
2,3,4-tri-O-benzylarabinopyranose and AIITMS/BF3.EtoO furnished a:f =
1:2 proportion of the product.!'®) The latter case was explained on the
conformational ground.

To summarize this part of the project, AllIMgBr and MeMgBr reacted
with the chloride 24 to furnish 27/28 in f:a & 4:1 proportion, whereas
VinMgBr and 24 furnished 29 in inverted proportion of the anomers B:«
~ 1:4. The percentage content of 298 was higher if more reactive bromide
25 was used. These results can be rationalized in terms of differences of
reactivities of the three Grignard reagents, reactivities of the o halides
24/25 and reactivities of the in situ formed B halides 49. Both AllMgBr
and MeMgBr (evidently more reactive than VinMgBr) reacted rapidly with
the a chloride 24 with the inversion of configuration at the Cl atom to
furnish the B products 278/28p. This was accompanied by little in situ
anomerization to form the g halide 49 which was a precursor of 27« /28«
(The radical 50 might contribute to formation of 27« as well.). In the case
of evidently less reactive VinMgBr, the contribution of these two pathways
was clearly inverted. VinMgBr reacted sluggishly with the «a chloride 24,
and slightly more rapidly with the o« bromide 25 to yield 298. At the same
time, it reacted faster with the highly energetic B halides 49 formed in
situ, to yield 29« which was a predominant anomer formed. The same
mechanism was used to rationalize formation of the 1-deoxy-2,3;5,6-di-O-
isopropylidene-1-phenyl-o-D-mannofuranose as the only anomer from the
2,3;5,6-di-O-isopropylidene-a-D-mannofuranosyl chloride and phenylmag-
nesium bromide.!!'%?] Participation of the cation 18 during formation of
27, 28, and 29 was probably small, since its extensive presence would result
in roughly equal B:o proportions,m’m which is incompatible with the
experimental results obtained.

Inseparable mixture 29 was subjected to ozonolytic cleavage!!%®]
at low temperature to avoid overoxidation of the benzyl ethers to
benzoates,! %! followed by NaBH4 reduction!!'®! o furnish again
inseparable hydroxymethyl products 30. These compounds were then
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de-O-benzylated by hydrogenolysis to yield the 1-deoxy-1-C-hydroxymethyl-
B-D-arabinofuranose 31 (2,5- anhydro-D-glucitol) and 1-deoxy-1-C-
hydroxymethyl-o-D-arabinofuranose 32 (2,5-anhydro-D-mannitol). The
compound 31 is a secondary metabolite of the fungus Fusarium solani and
exhibits marked phytotoxicity.!!%] Separation of 31 from 32 was easily
performed after isopropylidenation (acetone, cat. HClOy), since only 31
can react with acetone (— 33), whereas 32 remained unchanged. The
yields of 33 varied between 16-31% and were higher if the bromide 25
was used. 33 had its structure confirmed by x-ray analysis!'’7) and it was
additionally transformed to the known triphenylmethyl ether 34.1%8] 33 can
be alternatively obtained by acid-catalyzed dehydration of mannitoll9-5%]
or 1,6-di-O-benzoylmannitol.!5!] 33 was converted to its di-O-benzoate
35 (BzCl, Py) and its di-O-benzyl ether 36 using either BnCl- KOH or
phase-transfer catalysis (50% aq KOH, BuyNHSOy4, BnCl). In the latter
case, the reaction mixtures were invariably dark, and the yield were much
lower, presumably because of base-induced elimination of benzyloxy
moiety! 1991191 and subsequent secondary processes. Acid cleavage of the
acetonide group in 35/36 furnished the diols 37/38. Selective silylation
of the primary —OH group in 37 (TBDMSCI, imidazole) furnished 39,
which was debenzoylated (:PreNH, MeOH) to give a triol 40. Selective
tritylation of the primary —OH group in this triol furnished a crystalline
derivative 41 which was converted to the olefin 42 wvia BusSnH/AIBN
reduction of its bis-thiocarbonyl ester.[1!1'2] Removal of the ~-TBDMS
group (BuyNF) furnished the unsaturated alcohol 43. It should be pointed
out that 43 in its deprotected form 44 has a plane of symmetry, therefore
both hydroxymethyl groups are enantiotopic. The monoprotected
compound 43, however, is enantimerically pure, because both -CHyOH
groups remained well differentiated during the whole course of the
synthesis.

The diol 37 was used in a different way to get another intermediate
which has a structure 47. Thus, selective mono-deoxygenation at the sec-
ondary position via cyclic thionocarbonate 45 (BugSnH/AIBN) furnished
a mixture of products from which the necessary primary alcohol 47 was
obtained in ca. 25% yield. This compound was formerly used to obtain
(+)-muscarine! ¥ and 2-deoxy-showdomycin.!!''*! Application of the same
deoxygenation process to a dibenzylated substrate 38 furnished 48 without
improvement of the yield.

The alcohols 43 and 47 were then coupled with the N-3-benzoyl-thymine
5111151 yunder the Mitsunobu conditions!!''%) (DEAD, PhsP) to furnish 52
and 53, respectively (Scheme 4). Due to difficulties encountered during
isolation of 52 by chromatography (interference with triphenylphosphine
oxide), its characterization was skipped, and debenzoylation (Na* ~OMe,
MeOH) followed by detritylation (90% AcOH, A) was performed. At
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FIGURE 2 ORTEP drawing of the homo-C-thymidine 4.

this stage, a fully deprotected homo-C-analog of d4T 3 was isolated in
a cumulative yield of 44% for three steps. The compound 53 in turn
was isolated in 72% yield after column chromatography, and was sub-
jected to O,N-debenzoylation (Nat ~OMe, MeOH) to furnish homo-C-
thymidine 4. We wanted to firmly confirm its structure particularly in a
context of inverted «/p ratios of 27/28 versus 29. Since 4 is a highly
crystalline compound, it was subjected to x-ray analysis. Its ORTEP drawing
(shown in the Figure 2) clearly shows a B configuration of this target
compound.

In summary, a synthesis of two C-analogues of thymidine, 3 and 4,
is described. The procedure is based on a formation of the critical C-N
bond between N3-benzoylthymine 51 and the carbohydrate alcohols 43
and 47 using the Mitsunobu protocol. Both carbohydrate components
were obtained from C-vinyl-D-arabinofuranose 29. The results of further
application of this methodology to obtain different types of C-nucleoside
analogs based on derivatives of 38 and of 48 as well as the results of screening
will be published in due course.
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SCHEME 4 Coupling of the C-glycosyl alcohols 43 and 47 with N3-benzoylthymine 51. a) DEAD, PPhs;
b) NaOMe, HOMe; ¢) 90%HOAC, 100°.

EXPERIMENTAL
General

Evaporations were performed at ca. 30°C on an evaporator coupled
to an oil pump. Vacuums were broken using a balloon filled with dry
argon. The solvents were dried by distillation from LiAlH,4 (dioxane, THF),
PyOs (CH9Cly) or by azeotropic distillation (toluene). “Xylenes” refers to a
mixture of isomers. Inert atmospheres during the reactions which employ
moisture-sensitive reagents were maintained using an overpressure of argon
or nitrogen dried by passage through a “blue silica gel.” Dry solvents were
transferred using syringes under a blanket of argon or nitrogen. Column
chromatography was performed on a silica gel G 70-230 mesh, and TLC
chromatography on aluminum plates precoated with silica gel 60 Foz4 (both
from Merck Darmstadt, Germany). Ten percent of HoSO4 in MeOH was
used to char the TLC chromatograms. MgSO,4 was used to dry the extracts.
The NMR spectra were recorded on Varian or Bruker instruments operating
at the indicated frequencies. Exact mass measurements of the samples
judged to be at least 98% pure by 'H NMR were performed on a Jeol SX
102A spectrometer using the FAB mode in NaOAc-thioglycerol matrices or
using a chemical ionization (CH4). Optical rotations were measured on a
Perkin-Elmer automatic polarimeter at ca. 24°C.
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1-Allyl-3,4,5-tri-O-benzyl-1-deoxy-a,3-D-arabinofuranose 27

2,3,5-Tri-O-benzyl-D-arabinofuranose 23 was prepared by analogy to its
L-enantiomer!''”! and converted to the anomeric p-nitrobenzoates 17 and
further to the chloride 24 as described.[”®! 17 (2.1 g, 3.7 mmol) was added
to a cold (ice bath) saturated solution of HCI in CHyCly (50 ml). After 1
hour a slow stream of HCI was passed through the resulting heterogeneous
mixture during 10 minutes, and incubation was continued for 50 minutes
more at ca. 0°C. TLC in hexane-EtOAc 3:1 showed that all 17 reacted.
The mixture was rapidly filtered through a sintered glass and collected
p-nitrobenzoic acid was washed with toluene. The volatiles were evaporated.
More toluene was added and evaporated to expel HCI. 24 prepared in this
way was yellowish oil and was ca. 95:5 mixture of @:8 anomers (HI B: 6.18,
Ji2 = 4.2 Hz; H1 a: 6.15, s; 1it.[89) H1 B: § 6.21, J19 = 4.2 Hz, a: 6.17,
s). To this oil was added dry CHyCly (100 ml) and a solution was cooled
in acetone-dry ice under a blanket of No. 1M allylmagnesium bromide in
EtcO (4.5 ml) was added via a syringe and the mixture was left to reach
room temperature overnight. Extraction (CHyCls-aq NH4Cl), drying, and
evaporation of volatiles furnished yellow oil, which was applied on top of a
silica gel column. Elution with hexane-EtOAc 10:1 furnished 27 (1.2 g, 73%
for two steps) as colorless oil. A proportion of the anomers was B:a = ca.
4:1 by integration of the separated signals in the 'H spectrum. Numbering
of the allyl moiety is: -CHs?CH? = CHy'; a glycosyl part is numbered 4, 5,
etc. 'H (400 MHz, CDCl3): 7.35-7.18 (H aromatic); major 8 anomer: 5.80
(ddt, Jan =170 HZ,Jng =70 HZ,JQla =105 HZ,Jle =17.0 Hz, H 2); 5.10
(d of apparent q, ] = 1.3 Hz, ] = 1.3 Hz, ] = 1.3 Hz, J1ne = 17 Hz, H 1},);
5.03 (d of irregular signals, J;1,0 = 10 Hz, H 1,); 4.57-4.44 (m, 5H) and 4.33
(d, J = 12.1 Hz, 1 H), -CHsPh; 4.12-4.06 (unresolved, H 7 superimposed
on H 4 of the « anomer); 4.03 (dt, J45 = 3.5 Hz, Jusa = Jusp, = 7.5Hz, H 4
superimposed on H 6 of the « anomer); 3.93 (d, Jo¢; = 2.6 Hz, H 6); 3.79
(d, Js4 = 3.5 Hz, H 5); 3.63 (dd, Jsa7 = 5.6 Hz, Jgag, = 9.8 Hz, H 8,); 3.51
(dd, Jsp7 = 7.0 Hz, Jgbsa = 9.8 Hz, H 8y,); 2.53-2.45 (m, H 3,, H 3;,); minor
o anomer: 4.23 (dt, J76 = 4.0 Hz, J78, = J7s, = 6.0 Hz, H 7); 3.86 (dd, ] =
3.0Hz, ] = 4.5 Hz, H5); 3.58 (dd, Js.7 = 6.0 Hz, Jg.s, = 10.5 Hz, H 8,); 3.53
(dd, Jsn7 = 6.0 Hz, Japsa = 10.5 Hz, H 8y,); 2.40 (apparent dq, | ~1 Hz, ] =
7.0 Hz, H 3,, H 3;,). *C (100 MHz): 138.06; 137.72; 128.21; 128.17; 128.10;
127.56; 127.50;127.44; 127.35 C aromatic; 73.13; 73.07; 71.60; 71.53; 71.14,
-CHoPh; major B anomer: 134.69 C2; 116.67 C1; 83.52 C6; 82.67 Cb; 82.50
C7; 80.77 C4; 70.45 C8; 33.06 C3; minor « anomer: 134.09 C2; 117.21 CI;
86.72 Cbh; 85.13 C6; 81.73 C4; 81.40 C7; 70.08 C8; 37.47 C4. Identification of
the anomers was performed by comparison with the data of the @ anomer
kindly provided by Prof. F.Nicotra.
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2,3,5-Tri-O-benzyl-1-deoxy-1-metyl-«,3-D-arabinofuranose 28

The chloride 24 was freshly prepared from 17 (2.1 g, 3.7 mmol) as
described above, solubilized in CHoCls (30 ml), cooled in ethanol-dry ice
and reacted with 3M MeMgBr in EtoO (1.5 ml) as described for AlIMgBr.
Extraction and chromatography in hexane-EtOAc 10:1 furnished 27 (1.2 g,
76%), as colorless oil. Numbering of the protons is: -Me!; glycosyl part is
2, 3, etc. '"H (400 MHz, CDCls): 7.37-7.23 (15H, H aromatic), 4.61-4.39
(unresolved, 6 H, -CHoPh), 4.24-4.19 (unresolved, «), 4.14 (dq, Jo3s = 3.5
Hz, Jo1 = 6.6 Hz, H 2), 4.06—4.00 (unresolved, H 58), 3.89 (dd, ] = 3.5 Hz,
J~1Hz), 3.76 (dd, J = 4.0 Hz, ] = 1.0 Hz), 3.62 (dd, Jea5 = 6.0 Hz, Jeasr =
10.0 Hz, H 6, B), 3.53 (dd, Jens = 6.5 Hz, Jenea = 10.0 Hz, Hg B), 1.31 (d,
Ji2 = 6.3 Hz, CH3 B), 1.30 (d, J1s~7Hz, CHs «). 3C (100 MHz):138.16,
138.02, 137.80, 128.34, 128.31, 128.24, 127.73, 127.68, 127.57, 127.47, C
aromatic; major 8 anomer: 84.51, 83.78, 82.34, 77.19, 14.06 -Me; minor o
anomer: 81.03, 78.14, 89.24, 85.43, 19.17 -Me; 73.32, 73.25, 71.85, 71.43,
71.28, 70.71, 70.38, -CHoPh, and C5. Identification of the signals was based
on comparison of the chemical shifts with the known compounds obtained
in a different way.!%%!

2,3,5-Tri-O-benzyl-1-deoxy-1-vinyl-o,3-D-arabinofuranose 29

A. The chloride 24 was freshly prepared form 17 (7.2 g, 12.6 mmol) in
CHyCly (70 ml) as described above. To the oily 24 was added dry CHyCly
(150 ml) and the solution was cooled in acetone-dry ice under a blanket of
Ns. 1M vinylmagnesium bromide in THF (17 ml) was added via a syringe
and the mixture was left to reach room temperature overnight. Extraction
(CHyClg-aq NH4Cl), drying and evaporation of volatiles furnished yellow
oil which was applied on top of a chromatographic column. Elution with
hexane-EtOAc 10:1 furnished 29 (4.3 g, 79% for two steps) as colorless oil.
A proportion of B:o anomers was ca. 1:4 by integration of the separated
signals in the 'H spectrum.

B. HBr was bubbled through a solution of 17 (9.3 g, 16.3 mmol) in
CHCly (50 ml) during 5-6 minutes at room temperature. This operation
must not be prolonged to avoid splitting of the benzyl ethers by HBr.
p-Nitrobenzoic acid started to precipitate immediately. The heterogeneous
mixture was rapidly filtered through a sintered glass and the solids were
washed with toluene. Evaporation of volatiles and short drying on an oil
pump furnished the bromide 25 as oil. CHoCly (100 ml) was added and the
flask maintained under Ny was cooled in ethanol-dry ice. 1M VinMgBr in
THF (20 ml) was added. The mixture was left to reach room temperature
overnight. Work-up as above furnished 4.1 g, 58% of 29. The content of the
B anomer was higher as evidenced by higher yield of the acetonide 33 (see
below). 29 should not be stored for more than few days. Its decomposition
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products form a more polar streak on TLC. The vinyl moiety is numbered
—CH? = CHy!, whereas the glycosyl part is numbered 3, 4, etc.

'H (400 MHz, CDCl3) : 7.35-7.22 (H aromatic); major anomer o: 5.94
(ddd,]gg =6.9 HZ,JQ]a =10.4 HZ,JQ]b =17.0 HZ, H 1b); 5.34 (dt,]glb =17.0
Hz, J1aib = J1as = 1 Hz, H 1,); 5.18 (dt, J1a2 = 10.5 Hz, J1a1b = J1a3 = 1 Hz,
H 1,); 4.58-4.41 (m, 7H, -CHoPh, H 3«, H 38); 4.23 (q, Js6 = Jo7a = Jorn =
5.2 Hz, H 6); 4.09 (t, Js4 = Js6 = 4.0 Hz, H 5); 3.94 (dd, J45 = 3.6 Hz, J43 =
5.0 Hz, H 4); 3.59 (dd, J7.6 = 5.3 Hz, J7.7, = 10.2 Hz, H 7,); 3.56 (dd, J7.6 =
5.3 Hz, J7p7. = 10.3 Hz, H 7;,); minor anomer $: 6.06 (ddd, Jos = 8.0 Hz, Jo1,
= 11.0 Hz, Jo1, = 18.0 Hz, H 2); 5.38 [d of broad s (half-width ca. 5 Hz), ] =
11 Hz, H 13,); 5.27 [d of broad s (half-width ca. 4 Hz), ] =11 Hz, H 1,); 4.12
(dd, Jes = 3.5 Hz, Je7 = 6.2 Hz, H 6); 3.96 (dd, Js4 = 1.0 Hz, J56 = 4.0 Hz, H
5); 3.89 (dd, Jss = 4.0 Hz, J45 = 1.0 Hz, H 4); 3.65 (dd, J7.6 = 5.0 Hz, J7.7
= 10.0 Hz, H 7,); a signal of H 7, is superimposed on the signal of H 7}, of
the major anomer. 1*C (100 MHz): 137.96; 137.72; 137.59; 128.17; 128.14;
127.55;127.50; 127.38; 127.34 C aromatic; 73.17; 73.11; 71.81; 71.69; 71.45;
71.31 —-CHgPh; major o anomer: 136.52 C2; 116.85 C1; 87.95 C4; 84.73 Cb;
83.34 C3; 81.23 C6; 70.13 C7; minor B anomer: 133.48 C2; 118.44 C1; 84.16
C4; 84.06 Cb; 82.44 C3; 82.17 C6; 70.36 C7. Identification of the anomers
was based on comparison the chemical shifts with the known compounds
obtained in a different way. 54!

2,5-Anhydro-1,3-O-isopropylidene-D-glucitol 33

29 (3.6 g, 8.4 mmol) in MeOH (60 ml) was cooled in acetone-dry ice,
and a stream of Og in O was passed through it until the solution remained
blue (ca. 30 minutes). TCL (hexane-EtOAc 4:1) at this point showed that
29 (R¢ 0.54) reacted and a more polar product was formed (Rf 0.17).
NaBHj (0.3 g, 7.9 mmol) was slowly added!!%) and the mixture was allowed
to reach room temperature. MeOH was evaporated and the residue was
passed through a short bed of silica gel in hexane-EtOAc 2:1 to furnish
30 (3.1 g) as inseparable mixture, which was used in the next step without
characterization. This material was solubilized in EtOH (40 ml) and 10%
Pd/C (0.2 g) was added. Hydrogenolysis in a Parr apparatus at 30 psi was
performed overnight to furnish a mixture of 31/32 (R¢ 0.1 in CHyClo-MeOH
5:1). The solids were filtered off using a bed of celite (attention: dry Pd is
pyrophoric) and washed with EtOH. Evaporation of the solvent furnished
31/32 (1.2 g, quantitative yield) as a glassy material. Acetone (50 ml) was
added followed by 2 drops of 70% HCIO4 and the mixture was incubated
overnight. TLC in CHCl3-MeOH 10:0.5 showed a presence of the acetonide
33 (R 0.20) and a spot Ry ~ 0 of unreacted 32, which was not isolated.
Neutralization with NH4OH, evaporation and chromatography in CHClI;s-
MeOH 10:0.5 furnished 33 (0.24 g, 16%) counting on a mixture of 31/32.
If the vinyl derivative 29 obtained starting from the bromide 25 was used
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in this preparation, a yield of the acetonide 33 was 31% evidently reflecting
a higher content of the B vinyl anomer. 33 crystallized spontaneously in
a refrigerator. M.p. 94-96°C (CHCl3-MeOH); ap +21.4°, ¢ 6.1, EtOH;
1it. 19 m.p. 95-97°C; ap +27° (EtOH). 'H (200 MHz, DMSO—d,): 5.32 (d,
exchangeable, ] = 4.2 Hz, 1 H); 4.64 (t, exchangeable, ] = 5.7 Hz, 1 H); 4.04
(d,] =2.8Hz, 1.5 H); 3.67 (d,] = 3.0 Hz, 0.5 H); 3.83 (d,] = 3.6 Hz, 1 H);
3.80-3.61 (m, 3 H); 3.46 (t, ] = 6.1 Hz, 2 H; after DoO exchange: d, ] = 7.0
Hz); 1.34 and 1.21 (two s, 3 H each, 2 Me). '3C (50 MHz): 96.58 C(CH3s)o;
87.08, 77.43, 76.07, 71.88, 62.39, 60.03, 28.86 and 19.10 C(CH3)s,.

31 was also converted to 2,5-anhydro-1,3-O-isopropylidene-6-O-
triphenylmethyl-D-glucitol 34 for a purpose of further characterization. 34:
m.p. 181-182.5°C (cryst. from CHCls-hexane); lit.!1%) m.p. 183.5-184°C.

2,5-Anhydro-4,6-di-O-benzoyl-D-glucitol 37

33 (1.1 g, 5.4 mmol) in CHyCly (10 ml), pyridine 3 ml and benzoyl chlo-
ride (2.3 ml, 20 mmol) was left overnight. Extraction (CHyCls-aq NaHCOs3),
drying and evaporation of volatiles furnished a crude dibenzoate (m.p.
90-99°C cryst. from EtOH; lit.[!''¥] m.p. 127-129°C), which was incubated
in MeOH (80 ml) and 1% HsSO4 (20 ml) at 50-60° during 30 minutes.
TLC showed a spot of 37 Ry 0.39 (dichloroethane-EtOH 10:1.2). Most of
MeOH was evaporated. Extraction with CHCI3, washing with water, drying,
evaporation and chromatography in hexane-EtOAc 1:1 gave 37 (1.7 g, 86%)
for two steps. M.p. 102-103°C (hexane-EtOAc); ap +18.1°, ¢ 2.6, CHCls;
1it.[113] 6il, apy +21°, ¢ 3, CHCl3. 'H (200 MHz, DMSO—dj): 8.04-7.95 (4 H)
and 7.71-7.45 (6 H, H aromatic); 5.58 (d, ] = 4.3 Hz, exchangeable, 3 OH);
5.21 (bs,1 H,H 4);4.74 (t,] = 5.4 Hz, 1 OH); 4.47 (apparentdd, ] = 2.0 Hz
and ] = 6.3 Hz, 2 H, H 5,6,); 4.30-4.26 (unresolved, partially superimposed
on the signal of H 6,, H 3); 4.22 (dd, ] = 2.5 Hz, 5.8 Hz, H 6,); 4.09-4.00
(unresolved, 1 H, H 2; after DoO exchange: 4.03 apparent dq, ] = 3.2 Hz, 4.2
Hz, 4.2 Hz, H 2); 3.77-3.54 (m, 2H, H 1,, H 1,; after DO exchange: 3.70,
dd, J1a2 = 5.2 Hz, J1a1p = 11.3 Hz, H 1,; the signal of 1}, is hidden under the
HOD signal). 13C (50 MHz): 165.77; 165.19; 133.86; 133.61; 129.86; 129.73;
129.53; 128.92; 83.04; 81.36; 80.53; 74.09; 65.18; 59.53.

2,5-Anhydro-4,6-di-O-benzyl-D-glucitol 38

Acetonide 33 (0.22 g, 1.1 mmol) in 1,2-dichloroethane (5 ml) and
benzyl chloride (1.2 ml, 10.8 mmol), BusyNHSO4 (0.055 g), and 50% aq
KOH (5 ml) were vigorously stirred at 60°C. After 7 hours the aqueous
layer was replaced by the same volume of a fresh 50% solution of KOH.
More BuyNHSO4 was added and stirring was continued during 3 hours
more at the same temperature. The dark brown mixture was transferred to a
separate funnel charged with CHyCly and ice cold HoO, and extraction was
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performed. The lower organic phase was drained out and the solvents were
evaporated. To the resulting mixture containing 36 was added MeOH (6 ml)
and 1% aq HeSO4 (1 ml). The mixture was heated at 60°C during 1 hour.
Neutralization with NH4OH and evaporation of MeOH furnished dark oil
which was purified by chromatography (gradient of EtOAc in hexane: 1:5 to
2:1) gave 38 (0.16 g, 43% for two steps) as a yellowish thick oil. In another
run acetonide 33 (0.31 g, 1.5 mmol) in THF (20 ml), BnCl (15 mmol,
1.7 ml), pulverized KOH (0.6 g) and BugHSO4 (0.06 g) were magnetically
stirred under exclusion of moisture during 4 hours at room temperature
followed by stirring at ca 50°C during 2 hours. Work-up, hydrolysis (MeOH
15 ml, 1% aq HoSO4 3 ml) and chromatography as above furnished 38 (0.40
g 78%); ap +18.1°, ¢ 2.6, CHCl;. 'H (200 MHz, DMSO—dy): 7.35-7.28 (10
H, H aromatic); 4.98 (d, exchangeable, Jon s = 4.6 Hz, 1 H, 3 OH); 4.60 (d,
J=11.8 Hz, -CHsPh); 4.57 (t, exchangeable, Jor1 = 5.1 Hz, 1 OH); 4.52 (d,
J =12.0 Hz,-CHyPh); 4.51 (s, -CHoPh); 4.12 (t, Jso = 4.1 Hz, ]J3 o = 4.1 Hz,
1H, H 3); 3.93 (apparent dd, Jeos = 2.8 Hz, ] = 6.0 Hz, H 2); 3.90-3.80 (m, H
5);3.77-3.71 (m, 2 H, H6,, 6}); 3.69-3.47 (m, H 1,, H 1},); 3.54 (d, J45 = 5.8
Hz, superimposed on the signal of H 1, and H 1;,, H 4). The signals which
were changed after DoO exchange: 4.57 (d, ] = 11.8 Hz, 1H, -CHyPh); 4.49
(d,] =12.0 Hz, 1 H, -CHsPh); 4.48 (s, 2 H, -CHsPh); 4.10 (d, J32 = 3.8 Hz,
1 H, H 3); 3.90 (apparent dd, Jes = 2.8 Hz, Jo1, = 6.0 Hz, downfield part
of the signal of H 2); 3.85-3.80 (m, 1 H, H 5); 3.76-3.70 (superimposed on
the signal of HOD, H 6,, H 6,); 3.64 (dd, Ji1.2 = 5.2 Hz, J1.1, = 11.4 Hz, 1
H, H 1,); 3.51 (d, Js4s = 5.4 Hz, 1 H, H 4); 3.51 (dd, Jibe = 6.0 Hz, J1p1a =
11.4 Hz, 1 H, H 1). 3C (50 MHz): 138.38; 138.28; 127.68; 127.65; 127.62,
127.59; 127.54; 87.05; 82.45; 81.81; 74.52; 72.30; 70.94; 70.50; 59.55. Exact
mass (CI): calc. for CogHo4O5 + HT = 345.1702; found: 345.1705.

2,5-Anhydro-4,6-di-O-benzoyl-1-O-t-butyldimethylsilyl-D-glucitol
39

To a solution of the diol 37 (0.38 g, 1.0 mmol) and imidazole (0.18
g, 2.6 mmol) in THF (10 ml), was added ¢-butyldimethylsilylchloride (0.36
g, 1.3 mmol). Next day extraction was performed (CHyCle-H2O). The
organic phase was dried and evaporated. The residue was purified by
chromatography in hexane-EtOAc 5:1 to furnish 39 (0.41 g, 82%) as a syrup;
ap +13.2°, ¢ 0.6, CHCI3.'H (200 MHz, DMSO—dy): 8.03-7.95 and 7.72-7.45
(H aromatic, 10 H); 5.64 (d, exchangeable, Jous = 4.2 Hz, 1 H, OH); 5.22
(t,Jas =Jas = 1.7Hz, 1 H, H 4); 4.52-4.43 (m, 2 H, H 6,, H 6,); 4.31-4.22
(m,2H,H 3,H5);4.08 (dt, Jo1. = Jos = 4.1 Hz, Jo1, = 6.1 Hz, 1 H, H 2); 3.88
(dd,]lag =45 HZ:Jlalb =10.8 HZ, 1 H, H 13); 375 (dd,]lbg =64 HZ;Jlbla =
10.8 Hz, 1 H, H 1,); 0.83 (s, 9 H, tBu); ~ 0 (s, 6 H, 2 Me). 13C: 165.71; 165.19;
133.56, 129.74; 129.57; 128.95; 82.65; 81.14; 80.48; 73.95; 65.19; 62.00; 26.03;
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18.28; —5.06; —b5.15. Exact mass (CI): cal for CogHs,O7Si + H = 487.2156;
found: 487.2152.

2,5-Anhydro-1-O-t-butyldimethylsilyl-6- O-triphenylmethyl-D-
glucitol 41

Debenzoylation of 39 (0.41 g, 1.1 mmol) in MeOH (7 ml) and (iPr)osNH
(0.6 ml, 8.2 mmol) was performed overnight. Evaporation of volatiles and
chromatography in CHCl3-MeOH (gradient, 10:0.5-10:0.8) furnished the
triol 40 (0.23 g, quantitative yield), which was subjected to tritylation without
further characterization. Thus, the whole amount of 40 (0.23 g, 0.83 mmol)
in pyridine (5 ml) was treated with TrCl (0.46 g, 1.6 mmol) overnight. Few
drops of HoO were added to hydrolyze the excess of TrCl. 30 minutes.
later an extraction was performed (CHyClo-HoO). The organic phase was
co-evaporated with xylenes to furnish a glassy material. Chromatography in
hexane-EtOAc 3:1 furnished 41 (0.35 g, 81%); m.p. 125-127°C (hexane-
EtOAc), ap +27.7°, ¢ 1.6, CHCls. 'H (200 MHz,. CDCls): 7.51-7.22 (15 H,
H aromatic); 4.17-3.99 (m, 4 H); 3.93 (q, Jo1a = Joib = Jos = 4.4 Hz, 1 H, H
2), [after irradiation of the protons Hy,ip, at 3.39 ppm: d, Jos = 3.9 Hz]; 3.80
(d,J =173,1H); 3.46 (dd, Jiae = 4.8 Hz, J1.1r = 9.8 Hz, 1 H, H 1,); 3.34
(dd, Jine = 4.6 Hz, J1.1b = 9.8 Hz, 1 H, H 1},); 2.33 (d, ] = 3.3 Hz, two OH);
0.92 (s, 9 H, tBu); 0.13 and 0.09 (two s, 6 H, 2 CH3). '3C (50 MHz): 143.55;
128.75; 127.88; 127.15; 87.38; 83.29; 80.21; 80.04; 79.08; 77.65; 77.03; 76.38;
64.76; 62.52; 25.86; 18.21; —5.36. Exact mass (CI): cal. for: C31HyoO5Si +
H* = 521.2723; found: 521.2728.

2,5-Anhydro-1-0-t-butyldimethylsilyly-6- O-triphenylmethyl-D-
erythro-hex-3,4-enitol 42

Diol 41 (0.40 g, 0.77 mmol) in CHyCly (10 ml), pyridine (0.5 ml)
and cat. quantity of DMAP was reacted with phenyl chlorothionoformate
(0.32 ml, 2.3 mmol) overnight. Extraction (CH9Cly-H9O) of the resulting
dark green solution followed by evaporation of the organic phase and
co-evaporation with xylenes to expel any residual pyridine furnished green
glassy material which was used for the next step without further purification.
To this material solubilized in toluene (10 ml) and under reflux was added
dropwise a solution of BugSnH (0.43 ml, 1.6 mmol) and AIBN (0.04 g, 0.24
mmol) in toluene (10 ml) during 15 minutes. After a total of 2 hours TLC
showed a presence of a new product, which was isolated after evaporation
of the solvent and chromatography in hexane-EtOAc 20:1 to yield syrupy
42 (0.26 g, 69% for two steps). ap —8.1°, ¢ 1.9, CHCls. 'H (500 MHz,
DMSO—dy): 7.39-7.22 (H aromatic, 15 H); 5.909 (apparent q of broadened
signals, ] ~6.6 Hz, 2 H, H 3, H 4); 4.87 and 4.75 (pair of unresolved signals,
1 H each, H 2, H 4); 3.621 (dd, J = 5.5 Hz, 11.0 Hz, 1 H); 3.547 (dd, J =
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5.0 Hz, 10.5 Hz, 1 H); 3.040 (dd, ] = 5.5 Hz, 9.5 Hz, 1 H); 2.945 (dd, ] =
4.0 Hz, 9.5 Hz, 1 H); 0.770 (s, 9H, tBu); —0.060 and —0.086 (two s, 6 H, 2
Me). ¥C (50 MHz, CDClg): 144.60; 130.09; 129.73; 129.31; 129.14; 128.25;
127.43; 121.43; 87.68; 86.94; 86.33; 67.88; 67.38; 26.47; 18.89; —4.76. Exact
mass (CI): calc.for: C3;HsgO3Si + H™: 487.2668; found: 487.2651.

2,5-Anhydro-6-O-triphenylmethyl-D-erythro-hex-3,4-enitol 43

Compound 42 (0.23 g, 0.48 mmol) in THF (5 ml) was treated with 1M
BuyNF in THF (0.6 ml) during 3 hours at 0°C. The solvent was evaporated.
Chromatography of the residue in hexane-EtOAc 2:1 furnished 43 (0.17
g, 96%) as a syrup; ap —48.2°, ¢ 1.6, CHCls. 'H (200 MHz, DMSO—dy):
7.42-7.22 (15 H, H aromatic); 5.96 and 5.90 (two apparent d, J~5 Hz, 1
H each, H 3, H 4); 4.86 (bs, 1 H); 4.73 (unresolved, superimposed on the
signal of —-OH) [after D2O exchange: bs]; 4.69 (t, exchangeable, | = 5.5
Hz, -OH); 3.52-3.28 (m, superimposed on the signal of residual HoO, H 1,,
H1,,) [after DoO exchange: 3.42 (dd, J1.2 = 5.9 Hz, J1.1, = 10.8 Hz); 3.31
(dd, Jibe = 5.5 Hz, Jip1a = 10.8 Hz)]; 3.06-2.90 (m, 2 H, H 6,, H 6;,). 1°C
(75 MHz, acetone ds): 145.67; 130.64; 130.20; 129.21; 128.45; 89.00; 87.87;
86.93; 68.75; 67.04. Exact mass: molecular ion was not present using FAB or
CI ionization mode.

2,5-Anhydro-1'-(thymin-1-yl)-D-erythro-hex-3,4-enitol 3

To a solution of the alcohol 43 (0.28 g, 0.75 mmol), (Ph)sP (0.59 g,
2.3 mmol) and N-3-benzoylthymine!!'®! 51 (0.52 g, 2.3 mmol) in dioxane
(10 ml) under argon, was injected DEAD (0.36 ml, 2.3 mmol). After an
overnight reaction at room temperature the volatiles were evaporated and
the residue was passed through a bed of silica gel in hexane-EtOAc 1:1
to furnish 52 contaminated with (Ph)3PO. This mixture was solubilized
in MeOH (30 ml) and a piece of Na was added. After 3 hours de-N-
benzoylation was completed. A small chip of dry ice was added and MeOH
was evaporated. The residue was passed through a bed of silica (CHyCls-
MeOH 20:1.5). After evaporation of the solvents the residue was solubilized
in 90% AcOH (12 ml) and maintained at 100°C during 2 hours. Evaporation
of AcOH and chromatography in CHyClo>-MeOH 10:1 furnished 3 (0.079 g,
44% for three steps) as foam. 'H (500 MHz, DMSO—dj): 11.226 (s, 1 H,
H 3); 7.401(q, ] = 1 Hz, 1 H, H 6); 5.923 and 5.923(two d of quintettes, ]
= 1.0 Hz, 6.4 Hz, 2 H, H 3',H 4'); 4.895 (unresolved, 1 H); 4.745 (t, ] =
5.7 Hz, OH); 4.676 (unresolved,1 H); 3.807 (dd, J = 2.9 Hz, 14.2 Hz, 1 H);
3.711 (dd, ] = 6.4 Hz, 14.3 Hz, 1 H); 3.343 (bs superimposed on residual
Hy0); 1.733 (d, ] = 1 Hz, CHs). 1°C (75 MHz, MeOH-dy): 166.956; 153.733;
144.639; 130.850; 129.326; 110.530; 89.184; 86.307; 65.647; 52.840; 12.254.
Exact mass (FAB): calc. for C;;H4NoOy4 + Nat: 161.0851; found: 161.0847.
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2,5-Anhydro-4,6-di-O-benzoyl-3-deoxy-D-ribo-hexitol 47

Diol 37 (1.5 g, 3.9 mmol) in THF (20 ml) was treated with 1,1’-
thiocarbonyldiimidazole (90% pure, 0.85 g, 4.3 mmol) overnight. The
resulting thionocarbonate 45 was much less polar than the diol 37 (TLC in
hexane-EtOAc 1:1). The solvent was evaporated. The residue was solubilized
in CH9Cly and washed twice with HoO. The organic phase was dried and
evaporated. The resulting yellow syrup was dissolved in toluene (20 ml). This
solution was purged with argon and warmed to gentle reflux. A solution of
BusSnH (3.1 ml, 11.7 mmol) and AIBN (0.16 g, 1.0 mmol) in toluene (10
ml) was added dropwise during 15 minutes. Reflux was maintained during
a total of 2 hours. Some reversion to the diol 37 took place. Evaporation of
the solvent followed by a chromatography in hexane-EtOAc 7:3 furnished
47 (0.36 g, 25% for two steps). ap +17.9° ¢ 1.4 CHCI3; m.p. 72-75°C)
cryst. from hexane-EtOAc); lit.[114] m.p. 69-71°. 'H (200 MHz, DMSO—dj):
8.01-7.98 and 7.97-7.47 (10 H, H aromatic); 5.45 (apparent quintet. ] = 2.3
Hz, 1 H, H 4) [after irradiation of H 3,/H 3;, at 2.13 ppm: d, ] = 2.1 Hz];
4.81 (t, exchangeable, ] = 5.7 Hz, 1 H, 1-OH); 4.41 (apparentd, ] = 4.7 Hz,
2H,H6,, H6y,); 4.34 (dd, ] = 2.4 Hz, ] = 4.0 Hz, 1 H, H 5); 4.30-4.19 (m,
1 H, H2) [after irradiation of H 3,/ H 3}, at 2.13 ppm: t, Jo1, = Join = 4.3
Hz]; 3.60-3.41 (m, 2 H, H 1,, H 1) [after DoO exchange: 3.53 (dd, J1.2 =
4.0 HZaJlalb = 117 HZ, 1 H, H 13); 3.44(dd,]1b2 =4.8 HZ’Jlbla = 117 HZ,
1H,H1,)]; 251-2.11 (m, 2 H, H 3,, H 8;)). *C (50 MHz): 165.75; 165.54;
133.67; 129.67; 129.43; 128.91; 81.67; 79.99; 77.01; 64.99; 63.07; 34.19.

2,5-Anhydro-4,6-di-O-benzyl-3-deoxy-D-ribo-hexitol 48

Diol 38 (0.73 g, 2.1 mmol) in DMF (15 ml) was treated with 1,1’-
thiocarbonyldiimidazole (90% pure, 0.56 g, 2.5 mmol) overnight. TLC
(hexane-EtOAc 5:3) showed that 46 was much less polar than 38. Partition
between CHyCly and HoO was performed and organic layer was dried and
evaporated to furnish yellow syrup. This material was solubilized in toluene
(10 ml) and treated with a solution of BuSnH (1.7 ml, 6.3 mmol) and
AIBN (0.13 g, 0.8 mmol) in toluene (10 ml) as described above for 45.
The reaction was continued for a total of 2 hours. TLC showed that a small
amount of unreacted 46 was still present and that some reversion to the diol
38 took place. The product 48 was slightly less polar than a diol 38. The
solvent was evaporated. Chromatography of the residue in hexane-EtOAc
2:1 furnished 48 (0.16 g, 23%) as thick colorless oil. ap +35.0°, ¢ 1.6,
CHCIs. 'H (200 MHz, DMSO—dj,): 7.35-7.26 (10 H, H aromatic); 4.63 (t,
exchangeable. ] = 5.6 Hz, 1 H, 1-OH); 4.48 (apparent d, ] = 3.7 Hz, 4 H,
-CHsPh); 4.11-3.95 (m, 2 H); 3.50-3.34 (m, 5 H); 1.96 (ddd, J] = 1.7 Hz,
5.7Hz, 12.5 Hz, 1 H, H 3,); 1.74 (ddd, J = 5.6 Hz, 9.8 Hz, 13.2 Hz, 1 H, H
31). 3C (50 MHz): 138.59; 128.39; 127.57; 82.91; 80.82; 79.51; 72.51; 71.13;
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70.20; 34.01. Exact mass (CI): calc. for CogHo4O4 + HT = 329.1753, found:
329.1745.

2,5-Anhydro-4,6-di-O-benzoyl-1-(N-3-benzoylthymin-1-yl)-3-
deoxy-D-ribo-hexitol 53

Alcohol 47 (0.10 g, 0.28 mmol), (Ph)sP (0.15 g, 0.56 mmol) and N-
3-benzoylthymine 51!''%! (0.13 g, 0.56 mmol) were solubilized in CH3CN
(20 ml), whereupon DEAD (0.09 ml, 0.56 mmol) was injected. The mixture
was maintained overnight under argon. The solvent was evaporated and
the residue was applied on a top of a silica gel column. Elution with
CHyCly-MeOH 20:03 furnished 53 (0.11 g, 72%) as a foam. 'H (200 MHz,
DMSO—dg): 8.04-7.50 (H aromatic, 6, 16 H); 5.52 (d, ] = 5.5 Hz, 1 H, H
4'); 4.70-4.60 (unresolved, 4 H); 4.09 (dd, Jeas = 2.8 Hz, Jeaer, = 14.2 Hz,
1 H, H 6,); 3.89 (dd, Jensy = 6.6 Hz, Jonea = 14.4 Hz, 1 H, H 6',); 2.30
(dd, J = 5.1 Hz, Jg.3p, = 13.6 Hz, 1 H, H 3,); 2.15-2.00 (m, 1 H, H 3';);
1.72 (s, 3 H, CHg). Irradiation of the 4.70-4.60 signal at 4.50 ppm gave the
following modified signals: 4.08 (d, ] = 14.8 Hz); 3.88 (d, ] = 13.9 Hz); 2.29
(d, ] = 14.3 Hz); 2.07 (dd, ] = 5.3 Hz, 13.7 Hz). 13C (50 MHz): 169.68;
165.60; 165.34; 162.75; 149.67; 142.93; 135.43; 133.59; 133.53;131.18;
130.28; 129.49; 129.39; 129.16; 128.84; 128.76; 108.19; 81.88; 76.76; 76.55;
64.71; 50.29; 34.78; 11.73. Exact mass (FAB): calc for C3o6HogNoOg + HT =
569.1924; found: 569.1908.

2,5-Anhydro-3-deoxy-1-(thymin-1-yl)-D-ribo-hexitol 4

To a solution of the compound 53 (0.15 g, 0.26 mmol) in MeOH (20 ml)
was added a piece of Na. 6 hours later TLC (CHoCLo-MeOH 5:1) showed
a more polar 4. Neutralization with a small chip of dry ice, evaporation
of the solvent, and chromatography in CHyClo-MeOH 10:1.5 furnished 4
(0.060g, 89%); m.p. 175-178°C (MeOH-EtOAc); lit.!'”) m.p. 170°C (MeOH-
CHsCly). 'H (500 MHz, MeOH-dy): 7.423 (q,] = 1 Hz, 1 H, H 6); 4.3473
(dddd, J = 3.1 Hz, 6.4 Hz, 6.4 Hz, 9.8 Hz, 1 H, H 2'); 4.213 (ddd, ] = 2.9
Hz, 29 Hz, 5.9 Hz, 1 H, H 4'); 3.973 (dd, ] = 2.9 Hz, 142 Hz, 1 H, H 1',);
3.799 (dt,] =2.9 Hz, 44 Hz, 49 Hz, 1 H, H5'); 3.736 (dd, ] = 7.3 Hz, 14.2
Hz, 1 H, H 1',); 3.569 (dd, ] = 6.0 Hz, 12.3 Hz, 1 H, H 6',); 3.509 (dd, ] =
5.4 Hz, 12.2 Hz, 1 H, H 6',); 1.937 (ddd, ] = 2.4 Hz, 5.9 Hz, 13.2 Hz, 1 H,
H 3,); 1.861 (d, ] = 1 Hz, CH3); 1.792 (ddd, | = 6.1 Hz, 9.4 Hz, 13.2 Hz,
1 H, H 3,). 3C (125 MHz): 166.964; 153.320; 144. 295; 110.640; 89.027;
78.048; 73.684; 63.754; 52.508; 38.918; 12.256. Exact mass (FAB): cal. for
C11H16N2O5 + Nat = 279.0957; found: 279.0920.
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