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ABSTRACT

This thesis deds with the reactions and synthetic utility of 1,2-
cyclopropanated sugars. The thess consists of three sections, namely, introduction,
results and discussion, and experimenta. The introduction commences with the
advantages offered by glycals for the synthesis of modified sugars and transmits the
concept of strained 3-membered drategy towards the synthesis of higher order
carbohydrates of biological dgnificance. Finaly, it provides an account of recent
developments in 1,2-cyclopropanated sugars.

Towards the exploitation of 1,2-cyclopropanated sugars, which is the main
thrust of this thesis, we focussed our attention on their synthetic utility and
reactions. By nature, 1,2-cyclopropanaed sugars are donor-activated by the
pyranose oxygen and consdering the eectronic factors, their eectrophilic ring
openings provide products resulting from ring opening, rather than ring expansion.

a and B-Cyclopropanes 106 and 109 respectively, derived from 2,4,6-tri-
O-benzyl-D-glucal served as suitable subgtrates in this regard. The ring openings
of 106 and 109 were carried out with different electrophiles in methanol as well as
with N-bromosuccinimide (NBS) as the activator (source of Br") in various
solvents.

The proton induced dectrophilic ring opening of 106 in methanol &t
refluxing temperature was found to be duggish and incomplete even after 15 days.
It was even worse with cyclopropane 109 where no reaction occurred. The ring
opening of 106 and 109 with Br™ as eectrophile in methanol resulted in the ring
opened products in good vyidds Although, the iodonium ion, using
N-iodosuccinimide (NIS) as source, was able to open a-cyclopropane 106 in good
yield, the inertness of B-cyclopropane 109 towards this reagent prompted us to
employ  iodoniumdi(s-collidine) perchlorate (IDCP). The reaction of
a-cyclopropane 106 with IDCP gave the ring opened products in very good yield
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and that of 109 resulted in partial conversion to the ring opened product in
moderate yield. The reactions of 106 with both Br™ and V resulted in a mixture of
both anomers, whereas that of 109 gave only a-anomers.

Later, in order to show the flexibility of this method, the bromonium ion
induced ring opening of cyclopropanes 106 and 109 were caried in
2-chloroethanol, 2,2,2-trichloroethanol, benzyl alcohol and water. a-Cyclopropane
106 underwent ring opening in a facile and high yielding manner, resulting always
in anomeric mixtures. The ring openings of PB-cyclopropane 109 were sow
compared to 106 and resulted exclusively in a-anomers.

Towards further elaboration of this methodology, sugar acohols were used
as nucleophiles, leading to branched-chain disaccharides with defined C-2
stereochemistry.  After  monitoring the reaction conditions with varying
concentrations of sugar alcohol and different reaction times (NBS activation), we
succeeded in opening 106 and 109 with three sugars acohols, 1,2:3,4-di-O-
isopropylidine-a-D-galactopyranose  (72), 1,2-O-isopropylidine-3-O-benzyl-a-D-
xylofuranose (150) and 2,3:4,5-di-O-isopropylidine-D-arabinitol in acetonitrile in
the presence of 4A molecular sieves in moderate to good yields. In a smilar fashion
as with other alcohals, the ring opening of 106 in al the three cases gave both the
anomers and 109 resulted in exclusive a-anomers.

The scope of 1,2-<cyclopropanated sugars as suitable precursors for the
Stereoselective construction of 2-deoxy-2C-mecthyl pyranose templates was extended
by the mercuric ion mediated ring opening of 106 and 109, as their direct
protonation resulted in poor yields. Mercuric trifluoroacetate was found to be
convenient in opening both the cyclopropanes. The methyl or n-butyl 2-deoxy-2C-
methyl-B-D-glucopyranosides and  2-deoxy-2-C-methyl-at-D-mannopyranosides,
resulting from 106 and 109, respectively, were obtained in good yields (when
reaction was carried out in methanol and n-butanol). This methodology was further
extended to the cyclopropanes 107 and 110, 108 and 111 derived from galactal and



rhamnal, respectively. However, with B-cyclopropanes 110 and 111, competitive
formation of bis(sugar)mercury compounds limits the applicability of this procedure
in a more generd fashion. It is interesting to note that in contrast to halonium ion
mediated ring openings, in dl the cases, the ring openings with mercuric ion were
found to yield only one anomer with inverson a C-1.

These experiments clearly reved that the reactions using haonium
electrophiles with B-cyclopropane 109 are dower and display higher anomeric
sdectivity compared to those of the a-cyclopropanc 106. The resulting anomeric
ratio in the case of ring openings of 106 was found to be solvent dependent. This
excludes the participation of either Syl or Sx2 done in these ring openings. The
formation of only a-anomers from cyclopropane 109 suggests that its ring openings
involve only Sx2 type processes. However, dependence of the rate of the reactions
on the nature of solvent in both the cases, as wdl as the formation of anomeric
mixtures in the case of cyclopropane 106 clearly provides enough support for Syl
participation.

To better understand the processes taking place, we prepared the a and p-
cyclopropanes 185 and 186, with a free 6-OH group, starting with 3,4-di-O-benzyl-
6-O-trityl-D-glucal (182). Dichlorocarbene addition followed by detritylation using
1 : 2 formic acid/ether and dehaogenation with lithium aduminum hydride in THF
yidded the corresponding a-cyclopropane 185, Under Simmons-Smith
cyclopropanation conditions, 182 directly yielded the required B-cyclopropane 186.

The intramolecular ring opening of a-cyclopropane 185 in acetonitrile with
NBS as an activator in the presence of 4A molecular sieves, took place smoothly
within 5h, giving the levoglucosan derivative 187 in good yield. On the other hand,
under smilar conditions, the reaction with p-cyclopropane 186 was incomplete and
yielded the levomannosan derivative 188 in poor yidd after 36h. These results
clearly indicate that the lower reactivity of the p-cyclopropane 186, when compared
to 185, is due to steric hindrance to the approach of the electrophile. While



a-cyclopropane 185 reacts cleanly and rapidly by an Sx2 type process to give the
levoglucosan derivative 187 in good yield, the B-cyclopropane 186, with no such
option available, forms the levomannosan derivative 188 in much lower yield,
probably through an Sn1 mechanism.

Towards further elaboration of the scope of 1,2-cyclopropanated sugars, we
anticipated that the products derived from the ring openings of cyclopropanated
sugars with electrophiles in water, would serve as a suitable starting point for the
construction of chird a-methylene-8-valerolactones following a two step oxidation
and dehydrohadogenation strategy. Initia falure in the attempts in oxidising
halolactols with PCC, PDC and I, prompted us to search for a appropriate reagent.
Gratifyingly, and most surpisingly, the reaction of p-cyclopropane 106 with IDCP in
dioxane-water a 60 - 70° gave the desired a-methylene-6-valerolactone 195 in
moderate yield.

Generdisation of this reaction was made using the cyclopropanes 106, 107,
110, 111 and 112. The corresponding chiral a-methylene-3-valerolactones 195 - 198
were obtained in moderate to good yields.

All new compounds prepared in the course of this thesis were completely
characterised by their analvtical and/or spectral data as appropriate.
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The ingenuity of Nature lies in not only providing an innumerable number of
esoteric molecular targets having strictly defined stereochemistry and often
formidable frameworks for synthetic chemists to work on, but also at the same time
placing at their disposal a wedth of different types of chiral pool molecules as
resources. Amongst the various chiral pool molecules available in Nature,
carbohydrates occupy a specid place. The advantages of carbohydrates as chiral
starting materials arise from the fact that they arc exuberantly available in Nature,
are exceedingly cheap and, on top of this, are enantiomerically pure. The uniqueness
of this situation becomes even more imposing while looking a sugars in comparison
with other natural chira resources like amino- and hydroxyacids and terpenes,
especially when dealing with targets containing multiple centres of chirality. In such
cases, the greater utility of carbohydrates as chirons is sclf-evident.!

The abundance of carbohydrates in Nature is not without any purpose. A
well known fact is that they are energy storage molecules. A lesser known fact,
which is being increassingly recognized, is their biologica significance?
Carbohydrates on cell surfaces are information molecules. Oligosaccharides
composed of more than one type of sugar unit such as the human blood group
determinants and bacteria antigens are mgor carriers of biological information.®
Biological polymers such as glycoconjugates of carbohydrates and proteins
(glycoproteins) and lipids (glycolipids) or phospholipids (glycophospholipids) are
the main congtituents of cdl membranes. Sidic acids, the most prominent of which
is N-acetylneuraminic acid, represent a number of complex higher saccharides which
are present in glycoconjugates of various tissues and cells of many anima species.’
The oligosaccharide resdue of these substances is crucia in the intercdlular
recognition that forms the basis of the immune system of mammalian organisms.®
This biological significance of carbohydrates in Nature has generated a renewed
interest to synthesize them in a stereo- and regiocontrolled fashion on a preparative



scade. On the other hand, numerous monosaccharides are attached to aglycon
portions as 2-deoxy or 2-deoxy amino glycosides and are essentia constituents of
many drugs and various naturally derived antibiotics.*®* Amino and deoxy sugars are
almost ubiquitoudly present in macrolide antibiotics and DNA damaging cis-ene-
diyne anti-tumor agents.” Various aminohexoses such as daunosamine and its
congeners are the glycosidic components of many anthracycline antibiotics.> ®

The recognition of Carbohydrate Chemistry as a separate branch of
Organic Chemistry can be traced back to the late 19th century. Emil Fischer's*
semind contributions towards the synthesis and structure determination of
carbohydrates, culminating in the elucidation of the structure of glucose, were
recognized with the Nobel prize in 1902. The exhaustive work done on selective
manipulations, protection and/or transformation of different oxyfunctions in
carbohydrates has led to the establishment of the relevance of conformational and
stereoclectronic effects on chemical reactivity in general and carbohydrates in
particular. The utility of nuclear magnetic resonance (NMR) spectroscopy in
understanding the finer facets of the stereochemistry of carbohydrate derivatives has
not only contributed to the development of conformational analysis, but also has
further expanded the interpretive power of NMR spectroscopy. It follows, therefore,
that the contribution of the chemistry of sugars in advancing our understanding of
organic chemistry is profound.

Inspite of their large scale availability in various forms like mono, di-, oligo-
and polysaccharides, the utilization of their vast synthetic potential was impeded by
a number of obstacles in the early days of organic synthesis. They were regarded as
too complex, with many chiral centres and lacking in functional groups suitable for
facile aterations. A second difficulty was in the purification, identification and
characterization of sugars and their derivatives. Today, this Stuation no longer
obtains. Methods are now available for selective functiona group manipulation as
well as for purification and characterization. These advances, taken together with



the biological dgnificance of many oligosaccharides, have driven the present
research in carbohydrate chemistry towards the following achievements in the recent
past.

1.

Utilization of low molecular weight carbohydrates (mono- and disaccharides) as
raw materias for providing access to rare or modified sugars in general and
congtruction of enantiomericaly pure non-carbohydrate chiral precursors in
particular. This has led to many interesting and nove synthesis of severd
polyfunctional compounds’ starting with smple open chain molecules like (+)-
sulcatol and (9)-(+)-ipsdienol to more complex macrolides like erythronolide A,
rifamycin S and soraphen A ;4.
Development of numerous methods for O-glycosidation,'® applying diverse
anomeric activating groups like halo, phenylthio, phenylscleno, orthoester,
acctimidate, trichloroacetimidate, diazirine, of new concepts like temporary
dlicon connection approach, of double diastereodifferentiation using the
matched-mismatched glycosidation, ether to construct oligosaccharides of
biological significance or to connect aglycons with sugars, in the total synthesis
of naturally derived antibiotics.
Synthesis of sugars of biologica interest from non-carbohydrate precursors or
from modified monosaccharide units usng ether chemicad or enzymatic
methods. This includes the developments made by Sharpless’s asymmetric
epoxidation protocol,” Danishefsky's Hetero Diels-Alder approach” and
Wong's glucose adolase methodology®™ towards the ab-initio synthesis of
sugars.

A collection of synthetic transformations of smple sugars to complex

natural products has been wel summarized by Hanessian® in his book “Total
Synthesis of Natural Products. The Chiron Approach” which details the transfer of
the inherent chirdity present in carbohydrates (as chiral templates) to the molecules



of attention. It also provides a new perception in the application of the tool of
retrosynthetic analysis. Credit for much of the developmental work, concerned
mainly with the converson of carbohydrate derivatives into functionalized
cyclohexanes and cyclopentanes, goes to Fraser-Reid and Ferrier. An unembellished
account of dl the published work in this regard was excdlently reviewed recently by
Ferrier and Middleton.

The key to successful transformation of sugars into non-carbohydrate
precursors lies in their conversion to ‘modifiedsugars’ which can be derived from
abundant monosaccharides, with a few smple and easy transformations. These
loosdly described modified sugars should, in general, contain the conventiona
functional groups that are encountered very regularly in organic synthesis like a
carbonyl group or an olefin. In such a sense, considering the multifaceted synthetic
transformations developed in organic synthesis utilizing the olefin moiety, the
advantages offered by unsaturated sugars are many. Diverse applications of
unsaturated sugars during the last two decades underscore the increasing role which
such carbohydrates play in modern synthetic organic chemistry. Due to their easy
accessibility amongst the various regioisomeric unsaturated sugars, the 1,2-, and
2,3-unsaturated sugars are central to most developments in this area. Since the main
thrust of this thesis is on the reactions and synthetic utility of 1,2-cyclopropanated
sugars, and considering the fact that cyclopropanes resemble double bonds, a brief
summary of the recent applications of 1,2-unsaturated sugars in organic synthesis is
appropriate. The emphasis is heavily on electrophilic additions. This is to be
expected, epecidly as 1,2-unsaturated sugars or glycals are enol ethers and hence
possess an dectron rich double bond readily susceptible to electrophilic reactions. A
second aspect, covered in the latter half of the introduction, pertains to recent
developments in glycosidation techniques using glyeals, in view of the importance of
oligosaccharides in many biological processes.



A common mcthod for the synthesis of 1,2-unsaturated sugars on a large
scale involves the trestment of peracetylated glycosyl halides with zinc in acetic
acid, an age-old but efficient method even today.'® The first synthesis of the earliest
reported 1,2-unsaturated sugar, 3,4,6-tri-O-acetyl-D-glucal (1) was by Emil Fischer
in the beginning of this century (glucal was the anomalous, trivial name given from
the incorrect observation that it shows adehydic properties, postive Fuschin SO,
test). Various other aternative metas like akai metas, Cr(l1), Zn(Ag), Al(HQ),
Sml,, and Ti have been used to avoid the cumbersome acidic conditions associated
with the Zn-AcOH reductive dehalogenation. '

AcO AcO
0] 9]
AcO a Ac()’%)
lco/_%ﬂr — A0 =
OAc
2 1

Scheme 1. Reagents and Conditions: @) Zn, CuSO,, AcOH, -10 - 0°

Glycals can also be obtaned by reductive dimination of phenyl
thioglycosides,'” base induced rearrangement of 2,3-anhydrosugars,'® deoxygenation
of 1,2-anhydroaldopyranoses'® or by radica eimination® of 1,2-thiocarbonates. On
the other hand, Danishefsky'? has used the hetero Diels-Alder reaction of suitably
substituted dienes and dienophiles to acquire highly functionalised glycals in an
ab-initio synthes's of unsaturated sugars from non-carbohydrate precursors.

Routes for the synthesis of C-1 substituted glycals have also been
developed. Recently, Lopez and Gomez” have reported a smple method for the
gynthesis of C-I adkylated glycas by treatment of haoglycosides with the
corresponding akyllithium. The presence of the C-aryl glycosidic linkage in
different antitumor antibiotics™ such as the ribuflavins, gilvocarcins and urdamycins
has led to the development of various approaches for their construction utilizing C-|
anvl glycals.?® A generd method to obtain C-| aryl glycals utilizes the Pd-mediated



coupling reaction (Scheme 2). Reaction of O-alkylated glycals with t-butyllithium (t-
BuLi) results in lithiaion a C-1, which on treatment with tributyltin chloride
(BusSnCl) provide stannylated glycals. These were converted into C-l aryl glycals
by application of Pd-catalyzed coupling reactions.®* In yet another approach, C-|
aryl glycals were prepared by the addition of aryl Grignard reagents to sugar
lactones, followed by dehydration with the Martin sulfurane (Ph,S[OC(CF5),Ph},).”

RO RO
RO SnBu; . RO —=—Ar

3
R = protecting group Ar = aryl

Scheme 2, Reagents and Conditions: a) t-BuLi, THF, -78° - 0°, Bu,SnCl,
b) Pd(PPh;),, ArBr, toluene.

Vilsmeier fomslation of alkyl protected glycals,” on the other hand, has
provided an easy access to C-2 formylated glycals (Scheme 3). The acetate 7
obtained from the unsaturated aldehyde 6 following a sequence of reduction and
acetylation was shown to undergo the Ferrier rearrangement with various aliphatic
and aromatic alcohols, providing C-2 methylene glycosides.”®*

RO RO

0 O dore
RO a RO
RO DT Ro &6 %r&-
CHO

R = protecting group R' =Alkyl (d) or aryl (€)
Scheme 3. Reagents and Conditions: a) POCl;, DMF, 0° - rt; b) NaBH,,
MeOH, rt; ¢) acetic anhydride, pyridine, cat. DM AP, d) ROH, BF;:Et,0,
benzene; €) PPh;, dicthyl azodicarboxylaic (DEAD), CH,Cl,, ArOH.




In contrast to other unsaturated sugars, in glycals, the presence of the ring
oxygen makes the C-2 carbon more nucleophilic as in smple enol ethers. TTierefore,
their most important reaction is with electrophiles. The directing effect of the bulky
C-3 akoxy or acyloxy subgtituent permits addition of a variety of eectrophiles in
both a regio- and dSereosdective manner. Besdes these, [4+2] and [2+2]
cycloadditions, intramolecular [I,3]-nitrone and nitrile oxide cycloadditions, [2,3]-
Wittig and [3,3]-Claiscn and ar7.aClasen rearrangements are aso known with
glycals. In the following pages, some sdient festures of these reactions are
presented.

The enhanced nucleophilicity of the glycal double bond taken together with
the fact that various 2-dcoxyglycosides are attached to the aglycon portions of
naturaly derived antibiotics, has led to the development of numerous methods to
convert glycals into these modified sugar units. Direct converson of glycas to
2-deoxyglycosides in the presence of mineral acids results in competing reactions
leading to rearranged products. Therefore, electrophilic glycosidation of glycals,
followed by reductive remova of the eectrophile, constitutes a general method for
the synthesis of 2-deoxyglycosides.

Since the earliest attempts by Lemieux” to add halonium ions to glycals in
the presence of alcohols or sugar acohols as nucclophiles three decades ago, this
fidd has undergone an explosive expansion, resulting in several more practical
electrophilic promoters in this pursuit. The origina procedure developed by
Lemieux’™ involved the reaction of a glycal and an alcohol in the presence of iodine
(I,), a slver salt and a base, giving 2-deoxy-2-iodoglycosides in good yidd (Scheme
4). Later, N-iodosuccinimide (NIS, Thiem), iodonium di-(s-collidine) perchlorate
(IDCP - Lemicux®™ and Danishefsky *), N-bromosuccinimide (NBS) and 1,3
dibromo-5,5-dimethylhydantoin (Tatsuta)* were used as sources of haonium ions.
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Scheme 4. Reagents and Conditions. @) I,, AgClOs, s-collidine, ROH.

The NIS mediated addition to glycals as a glycosidation step was used by
Danishefsky in the total synthesis of avermectin as shown below (Scheme 5).*

11

OMe OMe
i ()
o) a
AcO 4 How —_— 0 —_—
McO AcO et OMe
OMe I
10 12

OMe Me

0]
(8] 0]
m b,c tﬁ
o 50 s o T
MeO OAglvcon portion of
14

MeO Avermectin A,
13

Scheme S. Reagents and Conditions: a) NIS; b) NIS, HO-aglycon;

c) LiEt;BH.

Smilarly, Tatsuta has used Br’, either from NBS or 1,3-dibromo-5,5-
dimethylhydantoin as an activator, in the total synthesis of carbomycin B and
leucomycin A;.* Many other eectrophiles like NO* (from NOCI),* PhSeCl 3%

3 and

acctyl hypofluorite* phenylsulfenate esters in the presence of TMSOT
phenyl bis(phenylthio) sulfonium salts® were successfully added to glycals. Through
nitrosochlorination® or azidonitration,® glycals have functioned as precursors for
N-acetylglucosamine or N-acetylgalactosamine donors. The Markonikov or anti-

Markonikov addition of azido or phenylsdeno groups to glycals to procure either
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seleno™ or azido® glycosides was carried out by proper tuning of the reaction

conditions employed (Scheme 6).

AcO AcO
Ny, ~— &3 — /&A,
AcO AcO B
Ac{;&' N; AcO — ACO

SePh

16 1 15
Scheme 6. Reagents and Conditions: @) NaNs, (PhSe),, PhI(OAc),, CH:Cly;
b) PhSeCl, NaN;, DMF.

Recently, iodine and phenylsdenyl chloride mediated additions were shown
to be ussful to couple isothiocyanates, amino acids” and nucleobases™ to glycals
(Schemes 7, 8 and 9).

AcO AcO
AcO O a AcO ACO /&/
AcO — —  AcO

Major Minor
1 17

Scheme 7. Reagents and Conditions: a) I, KSCN, SiO,, CHCl;.

a@ e

“ISePh R = TBDMS or TBDPS

19
Scheme 8. Reagen!s and Conditions: a) Thymine(TMS),, PhSeCl, Ag(OTY),

ether.
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Scheme 9. Reagents and Conditions: &) NIS, CH;CN-CH,Cl»,
Fmc-Ser-OBz.
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Such a halonium ion mediated oxidative addition of unsaturated acohols
followed by radical ring closure has been shown to be a facile method for the
annelation of tetrahydrofuran units (Scheme 10).*

22 23
Scheme 10. Reagents and Conditions: @) AIBN, Bu;SnH.

Recently, intramolecular nuclcophilic participation of the 4-OH group,
resulting in a bicylic system, in eectrophilic additions of a suitably protected



galactal derivative was reported. The intermediate bicyclic derivatives were

converted to functionalised tetrahydrofiirans (Scheme 11).%

OR
HO o
OR -
. HO
O a O OH b,c
—_— —_—
HO = i
24 25

R = Pivor TBDMS
Scheme 11. Reagents and Conditions: a) (Bu;Sn),0, 3A sieves, CH;CN,
reflux; then NIS, 0% b) BzCl: ¢) 0.01M HCI, MeOH.

The disadvantage associated with minerd acid-catalyzed addition of
adcohols to glycas has led to the devdopment of very mild activators like
camphorsulphonic ~ acid ~ (CSA),*  p-tolucnesulphonic  acid  (PTSA),*
triphenyphosphinchydronium bromide (PPH;HBr, TPHB)* and severd acid
resins® to convert glycals to the required 2-deoxyglycosides.

Thus, ethanol was added to triacetylglucal in the presence of a catalytic
amount of PPh;:HBr, resulting in the corresponding ethyl 2-deoxyglycoside with
78% a-anomeric sclectivity. A similar addition of 1,2-O-1sopropylidine-D-glycerol
proceeded with about 95% a-selectivity (Scheme 12)."

AcO AcO
0 0 R= Et
norR L o] o~
Ac&-} AcO OR g
—H,C O
1 27

Scheme 12, Reagents and Conditions: a) ROH, cat. TPHB, CHxCl,.



Likewise, camphorsulphonic acid has been employed as a promoter in the
construction of the second glycosidic linkage of oleandomycin as illustrated in
Scheme 13.%

Y, \.7 .
a
« 0 —_— W
CbzO o
OMe
29
28 30

Scheme 13. Reagentsand Conditions: a) CSA, 32°.

Interestingly, the paladium mediated glycosidations of glycals led to the
formation of 2-deoxyorthoester derivatives (Scheme 14).%°

AcO AcO
“m’ﬁ’a S AACQ%AW
1 3 DM
Scheme 14. Reagents and Conditions: a) MeOH, PdCl; (CH;CN),, NaHCO;.

Addition of mercury sdlts to glycals result in 2-deoxy-2-mercurio sugars,
which  on subsequent reductive remova of mercury provide ether
2-deoxyglycosides,” 2-deoxy-2-C-branched-chain glycosides®® or 2,3-unsaturated
sugars, depending upon the reagents and conditions employed.



The 2-deoxy-2-mercurioglycoside 32, obtained by the addition of mercuric
acetate or mercuric trifluoroacetate in methanol to triacctylglucal 1, was converted
to the 2-deoxyglycoside 33 by treating with sodium borohydride, while the same
reductive demercuration in the presence of acrylonitrile resulted in a 2-deoxy-2-C-
branched-chain glycosde 34. Treatment of 32 with thiourea gave the
2,3-unsaturated sugar 35 (Scheme 15).

AcQ AcO
O (0]
AcO a AcO
AcO = AcO OMe
HgOCOCX

1 ,t/ cl 32 \
AcO AcO AcO
0] o O
AcO
Aﬁg&,ow "fg&k}m ’%)lom

33 34 CN s

Scheme 15. Reagents and Conditions: a) Hg(OAc), or Hg(CF;COQ),, ROH;
b) NaBH;, MeOH; c¢) NaBH, or Ph;SnH, acrylonitrile, MeOH;
d) (NH;),C=S.

Reaction of triacetylglucal 1 with a catalytic amount of mercuric sulfate-
sulfuric acid in water-dioxane provided the trans-unsaturated adehyde 36,*
whereas the oxidation of 1 with m-chloroperbenzoic acid (MCPBA)™ resulted in an
unsaturated adehyde 37 with one carbon loss. On the other hand, ozonolysis® of 1
resulted in an ester 38 also with one carbons loss, while the reaction with thal lic
nitrate>’ proceeded via ring contraction yidding the C-furanoside 39. These
examples amply demonstrate the versatility of 1 to provide either open chain
analogues with one, two or three chiral centres or furan derivatives, in a single step,
possessing diverse functional groups and amenable to further modifications
(Scheme 16).
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IR 19

Scheme 16. Reagents and Conditions: a) cat.HgSO,-H,SO,, H,O-dioxane;
b) MCPBA, BF;:Et;0, -20° - 25°; ¢) 03, CH,Cl,;, MeOH; and Et;N, Ac0;
d) TI(NO;);, CH3CN.

Another important reaction of glycals is the Ferrier rearrangement.”® The
reaction of glycals with various nucleophilic (O-, N-, S- and C-) agents, mediated by
Lewis acids, yielding 2,3-unsaturated glycosides, is a widely employed general

method for the synthesis of 2,3-unsaturated sugars (Scheme 17).

AcO
Acoﬁ — f%)m
AcO —
1 X =0, N, Sor C

Scheme 17. Reagents and Conditions: a) BF;:Et,0, nucleophile, solvent.

Recently, such a rearrangement was shown to be feasible with the acidic
clay montmorillonite K-10, illustrating the potential use of glycals to derive natural

and unnatural glycosides in an environmentally compatible manner (Scheme 18).



1 41
Nu = X=
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Scheme 18, Reagents and Conditions: a) 10 - 30% clay, CH,Cl,, 257

The acid catayzed Fcrrier rearrangement of glycals alows the anchoring of
various dienic moieties a the glycosidic carbon. Subsequent use of the
intramolecular Diels-Alder reaction (IMDA) in sugar templates congtitutes a facile
approach to fusad carbocyclic systems. The highly oxygenated bicyclic sysem 47
was thus redized from 1 in a few steps, usng a tandem oxy-Ferricr-IMDA-
carbocyclic Ferrier rearrangement (Scheme 19).% Ferrier reaction of 1 with the diene
acohol 42, followed by saponification, sdective 6-OH protection and subsequent
oxidation gave the required sysem for the IMDA protocol. The IMDA reaction
resulted in a single endo-1somer 45. This on further transformations via an exocyclic
double bond from 6-OH followed by the carbocyclic Ferrier rearrangement resulted
in 47.
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46 47

Scheme 19. Reagents and Conditions: a) BF;:Et,0, CH,Cls; b) toluene,
155° ¢) Hg(OAc),, AcOH, acetone-water, reflux.

The use of transition metal salts to carry out the Ferrier rearrangement led
to an interesting observation. It was found that the use of molybdenum salts™
resulted in a norma rearrangement, while nickd salts®® were found to primarily
epimerise the C-3 acetyloxy group. The major product was the C-3 epimeric glycal
48 along with smdl amounts of the rearranged product 49 (Scheme 20).

Aco‘ﬁf) + AcO 0O
AcO _—

48 (65%) 49 (15%) 1 (20%)
Scheme 20. Reagents and Conditions: a) NiCl,6H,0, Ac,0, 100°.
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Under standard Lewis acid catalyzed conditions, as shown in Scheme 21,
the use of Zn/Cu-nuclcophiles resulted predominantly in C-3-branched
carbohydrates with complete retention of stereochemistry at C-3.%

ACO AcO
o
" Cofgﬂ . AcO -
AcO b i
CN ¢

1
Scheme 21. Reagents and Conditions: a) BFy:Et,;0, THF, -25° - n,
NCCH;CH,Cu(CN)Znl.

An gpparent disadvantage in the acid catalyzed Ferrier rearrangement with
phenols is competitive C-glycosidation. However, Mitsunobu conditions were shown
to be an useful dternative in this regard (Scheme 22).%**

HU

sl 0
OH
- OMe
w , © R = -OAc 52
a

S3
Scheme 22. Reagents and Conditions. a) BF3:Et:0, CH;Cl, -78°;
b) DEAD, PPh,, CHxCl,, 0°.

The electron rich nature of the glycal double bond has also allowed them to

partake as dienophiles in inverse electron demanding Diels-Alder processes, with



dther isoquinolinium salts,®® or as shown very recently, with o-thioquinone (a-
oxothiones)® as heterodienes (Scheme 23).

OHC H NO,
o N ab -
o [ gk =B -
RO Z""Ar Cl- ) OH
OR ArHN =~ OH NO,

51 54
AcO
AcO & 5
N AcO
AcO S OH 5. o
1
55 CH

Scheme 23. Reagentsand Conditions: a) MeOH, CaCOs,, 55° - 60°;
b) IN HCI, CH;CN, r1t; ¢) DMF, 60°

The 1,3-dipolar cycloaddition of nitrile oxides and nitrones to akenes has
proved extremely useful in synthesis, largely because the reaction usually proceeds
in a highly stereocontrolled manner.®” With glycals, of late, the viability of such a
1,3-dipolar cycloaddition in an intramolecular fashion has been demonstrated.

Condensation of the glycal derived aldehyde 56 with hydroxylamine and
subsequent oxidation with N-chlorosuccinimide (NCS) provided for spontaneous
intramolecular nitrile oxide cycloaddition, leading to isooxazoline 57 as a single
isomer, whereas the nitrone 58, derived by the addition of N-benzy lhydroxylamine
aforded exclusively the isooxazolidine 59 on standing (Scheme 24).%
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|
CH,Ph
58 9

Scheme 24. Reagents and Conditions: a) NH.OH; b) NCS, pyridine,
CH,Cl,; ¢) N-benzylhydroxylamine, CaCl,, ether; d) standing at rt.

On dmilar lines, an wunusual and spontaneous [3,3]-aza-Claisen
rearrangement was observed in glycal 60.° The alkvlation of glyca 60 with
trichloroacetonitrile directly resulted in the amide 62 in good yields, without
isolation of any of the expected imidate derivative 61 as an intermediate
(Scheme 25).

Scheme 25. Reagents and Conditions: a) NaH, Cl;CCN, ether, 0°,

The Irdand modified Claisen rearrangement of 3-acyloxy substituted
glycals (Scheme 26) has been established as a general method for the synthesis of
C-saccharides.”
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Scheme 26. Reagents and Conditions: a) LDA, THF, -78°,
TMSCI then 70°,

As shown below (Scheme 27), the [2,3]-Wittig rearrangement of the
tnmethylsilyl-propargylic ether of glyca 65 was used to synthesize cis-2,5-
disubstituted dihydrofurans 66 with a predominant erythro selectivity.”

0 Olﬁ
{
};{0};1 ) +

SiM
\———-—Squ -
65 66 (7:3)

Scheme 27. Reagents and Conditions: a) n-BuLi, THF, =52,

In recent times, the [2+2] cycloadditions of dichloroketene” and
chlorosulfonyl isocyanate™ were shown to proceed exclusively on the face opposite
to the C-3 substituent (Scheme 28). The isocyanate addition to glycals has now been
widdy accepted as a genera solution for the chiral construction of B-lactam
containing antibiotics e.g., clavans and 1-oxacephems.”
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0] aorb
X=C=0 +qu0/§) ACO%

X= =cCChor =NR
Scheme 28. Reagents and Conditions: a) Cl;CCOCI, Zn-Cu, ether, 0
b) Na,COs;, chlorosulfonyl isocyanate.

Recently, glycals have served as precursors in a versatile route for the
gynthesis of oligosaccharides. The main chalenge involved in the synthesis of
oligosaccharides is the stercosclective formation of the glycosidic linkage between
the activated centre of a glycosyl donor and the hydroxyl function of a suitably

protected glycosyl acceptor (Scheme 29).

B IR L

X = anomeric activating group HO
P = protecting group
PO OF o_ O 0o _X
N ”I;E w
OLIGOSACCHARIDES |-~~~ -
PO oP PO oP'

OP (03

Scheme 29.

Controlling the stereochemica outcome of glycosidation has always been a
major goal of carbohydrate chemists. Dating from the work of Fischer,” Koenig and
Knorr,” extensive and ingenious approaches towards the stereocontrol led assembly
of oligosaccharides from monosaccharides have revealed how fine tuning of various
factors like variation of anomeric activating group, role of protecting groups at
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various postions both in acceptor and donor glycoside, and the choice of activators
employed play a crucid role in deciding the stereoselectivity of the glycosidic
linkage. In the quest for stereoselective glycosidation, amongst the many methods
evolved, the more notable recent ones are:

the trichloroacetimidate glycosidation procedure of Schmidit™

2. the armed-disarmed concept developed by Fraser-Reid involving 4-pentenyl
glycosidic activation”’

3. on smilar lines, the 4-pentenoate glycosidic activation discovered by Kunz™
and Fraser-Reid™

4. the two stage-activation protocol of Nicolau™

5. Vasella's use of glycoside diazirines®

6. the temporary silicon connection approach of Stork™

7. the matched-mismatched glycosidation technique of van Boeckel®

A common feature in al the above methods is the important role played by
the C-2 subdtituent in the glycosyl donor as wel as the leaving group at the
anomeric centre, which also influences the mode of glycosidation.

In this context, an degant approach evolved by Danishefsky,® without such
manipulations either a the anomeric or C-2 carbons, takes advantage of the
stereospecific formation of a 3-mcmbered intermediate from a glycal (donor unit),
which is subsequently opened in a transannular fashion with a nucleophile (acceptor
unit), resulting in adisaccharide. As shown in Scheme 30, the symbol X covers two
possibilities. In one instance, X represents a non-isolable (onium) intermediate
arising from the attack of E* on aglycal. Alternatively, X can be oxygen or nitrogen,
thus representing an isolable epoxide or aziridine that subsequently reacts with the
nucleophile.
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Scheme 30.

The participation of glycals as donors in glycosidations has been wdll
established. The beauty of this process "amed at exploiting glycals in the pursuit of
iterative synthesis of oligosaccharides of biologica significance" ® is that al the
intermediates can be derived from glycals, as the glycosyl acceptor is aso a
modified glyca with a free -OH group and the resulting disaccharide is also a glycal
which in turn would readily (with/without modifications) act as a glycosyl donor.

According to the conventions used by Danishefsky, one can delineate the
sdient features of his achievements under different categories depending upon the
type of 3-membered ring involved in the glycosidation step. Similar contributions
from others are also included in the presentation which follows.

Oxidative coupling of glycals:

The experiments described by Danishefsky involve the oxidative coupling of
glycals, using glycals as glycosyl donors as wel as glycosyl acceptors, maintaining
a subtle difference between the protecting groups employed on both donor and
acceptor (Scheme 31).7
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Scheme 31.

Thus, iodonium ion mediated coupling of an acceptor glycal 68 containing
one free -OH group (protecting the remaining two hydroxyls as benzoate esters, thus
suppressing its glycosyl donating efficiency) and the donor glycal 67 protected with
benzyl groups, gave the disaccharidic glyca 69, without any other glycas or
stereoisomers of 69 as by-products (Scheme 32).

BnO
BnO BzO . ,ﬁg
nO
B“Oﬁ ‘ HO’% N BnO ) OBz
BnO = BzO = " o 0
BzO—\— =
67 68 69
0
B 1 0 o ,OH
BnO -0 OBz >< OH
b _ BnO : 0 0,
0 rRoH=- O o ~H \
OR o \f
70 71 72

Scheme 32. Reagents and Conditions; a) IDCP, CH,Cl,, 4A sieves;
b) IDCP and 71 or 72.
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This disaccharidic glycd 69 scrves as a donor glyca for the next
glycosidation. However, a limitation of this procedure lies in the fact that it always
produces trans diaxid a-glycosides.”

1,2-Anhydrosugars as glycosyl donors for iterative oligosaccharide synthesis:

Reactions utilizing the characteristic properties of smdl rings involving the
relief of inherent strain, alow the development of several unique and useful
techniques, once their construction can be arrived at in a stereospecific manner.
Since the first 1,2-anhydrosugar, Brigl's anhydride,® was reported in 1922, several
uses of 1,2-anhydrosugars in disaccharide synthesis were investigated. However,
few dggnificant advances appeared practical, probably due to the lack of broad
availability of such oxiranes and their glycosidations were accompanied by low
yields.

BnO
BnO BnO BoO o o
o b
mo’%ﬂ L 0 OR
BnO = BnO o, HO . o
67 73 BnO/&S BnO —
BnO = R=H
T4 75
C R=Ac or Bn
BnO BnO
BnO Qo Bno'&i\/o
BnO
. OR y OR
= Bn;)n() B BnO 0 o
BnO
0 L OR
7 O
’ 77 g g

Scheme 33. Reagents and Conditions: a) dimethyldioxirane, acetone,
CH.Cl,, 0°; b) ZnCl,, THF, -78° - nt.
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Recently, Danishefsky® has carried out the stereospecific synthesis of 1,2-
frww-diequatorial B-glycosides. Oxidation of the glycal 67 with dimethyldioxirane
yielded the a-oriented 1,2-anhydrosugar 73 which when opened with the glyca 74
under the influence of Lewis acid catalysis, led to the desired disaccharide 75. Upon
repetition of the above process, tri- (77) tetra- and oligosaccharides result
(Scheme 33).

BnO
m&&/o . =
BnO o > - BnO
BnO (0] O
BnO =
75

Scheme 34. Reagents and Conditions: a) Ac;O-DMSO (1 : 2), rt.;
b) CH,Cl,-MeOH (1 : 1), NaBH,, 0.

To extend the scope of this methodology, the B-glucosidic disaccharide was
converted to the corresponding p-mannosidic disaccharide by inverting the
configuration at C-2 following a sequence of oxidation and reduction (Scheme 34).*
The Barton type deoxygenation of the C-2 hydroxy group, via its pentafluorophenyl
thiocarbonate, has been employed as an easy entry to 2-deoxy-B-glycosides.*

BnO Bu;3SnO BnO
1 -—
BnO - BnO RO
O
13 80

Bno’i'ﬁ
81 BnO =

Scheme 35. Reagents and Conditions: a) AgBF,, THF, 0°.

Later, it was demonstrated that use of dlver tetrafluoroborate as an
activator and a stannylated glycal as an acceptor selectively opened the epoxide of
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the donor in a cis manner, resulting in the corresponding a-glucosidic disaccharide
(Scheme 35).%

The reactivity of these 1,2-anhydrosugars as glycosidic donors thus can be
manipulated in the desred manner to procure oligosaccharides with defined
glycosidic linkages. The capability of this glycal-epoxide-glycosidation strategy has
been established as a smple route for sugar dendrimers (Scheme 36) with an
excellent stereoselectivity.”® Osmylation of a glycal and trapping the resulting cis-
diol as a cyclic Sulfate followed by an opening similar to that of the epoxide seems to
be a viable alternative for this approach, but has not been as well established.®*

OBn
o) OH
0=< 0
o) — HO OH
82 O OBn
. 0
OBn
1 - Hoﬁ\»
L. | °
0
0:(&/\% OH HO
0O OH
0 O-\ on
83 0
HO
BnO OH
OH 84 -

Scheme 36. Reagents and Conditions: a) dimethyldioxirane, acetone,
CH,Cl,, 0% b) ZnCl,, THF, -78° - rt; ¢) MeOH, MeONa.

1,2-Azirdinosugars: an indirect aziridination protocol involving sulfanamido
glycosidation of glycals:

Descotes™ has shown that a 1,2-aziridinosugar is the intermediate in the
conversion of a 2-deoxy-2-iodoglycosylamine derivative to a 2-aminoglycoside
(Scheme 37). The addition of iodonium azide to the glycal 61 followed by the
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Staudinger reduction of the azide to the amine resulted in the P-iodo
phosphoramidate 85. This on trecatment with a base in the presence of a nucleophile
gave 2-deoxy-2-aminoglycosides presumably through the intermediacy of a 1,2
aziridinosugar. A disaccharide, abeit in low yidd has been synthesized by this
procedure (Scheme 37).

BnO BnO BnO.

BnO " Bnoﬁ\ > | BnO ©
BnO BnO BnO
67 R
R P(OXOMe},

BnO o _OH

pe— B%oo O or' R'OH = MeOH, X&%

- =Y F1OH and L2 0
o

86 72 \/’

Scheme 37. Reagents and Conditions: a) IN;, CH;CN; b) P(OMe),, CH,Cl,;
¢) 1) R'OH, R’ONa or ii) KH, DMSO, R’OH.

The method adopted by Danishefsky® involves the treatment of a glycal
with benzenesulfonamide in the presence of IDCP (Scheme 38) followed by reaction
of the resulting 2-deoxy-2-iodo-a-benzenesulfonamide glycoside with lithium
tetramethylpiperidide (LTMP) in the presence of silver (1) triflate to generate an a
sulmamidoaziridine in situ. This on further treatment with an acceptor glycal gave
the B-2-aminoglucosidic disaccharide. A routine iterative process results in a
trisaccharide (Scheme 38).
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Scheme 38. Reagents and Conditions: a) H;NSO,Ph, IDCP, CH,Cl,,
4A sieves, 0% b) LTMP, AgOTf, THF, -78° - 0°.,

Recently, a smilar indirect aziridination (or oxazoline) protocol using
manganese reagents for glycal animations has been described by Carreira (Scheme
39). Sow addition of (satmen) Mn(N) complex to a mixture of a glyca and
tnfluoroacetic anhydride exclusively trandferred the nitrogen to the less hindered
face. The resulting intermediate (it is not clear whether an aziridine or oxazoline is
involved) was opened successfully with water and thiophenol, affording

N-trifluoroacetyl-2-deoxy-2-aminosugars.

(e CEVPR
b orc NHCOCF3

91
Scheme 39. Reagents and Conditions: a) (saltmen)Mn(N), (CF3C0),0;
b) silica gel or H;O"; ¢) PhSH, BF;.OEt,.
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1,2-Cyclopropanaied sugars:

In an analogous way, the other 3-membered ring that would immediately
attract one's attention is a cyclopropane. Although a vast amount of information is
available on the cyclopropanation of olefins and the multifaceted reactivity of
glycals independently, their association “glycal-cyclopropane™ has been neglected till
recently by the chemica community. However, cyclopropanated sugars are not that
rare. Fraser-Reid® has extensively studied the cyclopropanation of 2,3-unsaturated
sugars and the synthetic utility of the derived 2,3-cyclopropanated sugars. Gross™
has reported an easy protocol for dichlorocarbene addition to various unsaturated
sugars, with the omission of glycas. A careful examination of the literature reveaed
only a single example on the cyclopropanation of glycals. In 1967, Brimacombe®’
described the synthesis of 3,4,6-trni-O-methyl-1,5-anhydro-2-deoxy-1,2-C-methylene-
D-glycero-D-gulo-hexitol (94) by addition of dichlorocarbene to trimethylglucal 92
followed by dechlorination of the adduct with lithium aluminum hydride (Scheme
40). Attempts to add ethyl diazoacetate to triacetylglucal resulted in poor yields
and also the stereochemistry of the products could not be determined.

MeO
MeO O ot Mo 0 e McO
MeO —\—_—

92 93 C' <
Scheme 40. Reagents and Conditions: a) Cl;CCO.Et, NaOMe;
b) LAH, ether,

The high reactivity of cyclopropanes and the absence of further work in this
area prompted us to study the synthesis and reactions of 1,2-cyclopropanated
sugars. Our interest in 1,2-cyclopropanated sugars, as shown in Scheme 41, arose
from the posshility that the solvolytic ring enlargement of dihalocyclopropanes
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would yield chiral oxcpins, which either alone or fused with other rings, are

encountered in several complex natural products.”

PO o. ,OR
(9] O
PO PO X
|| —— — PO )X
PO PO
OP OP PO
Scheme 41,

In this context, we have deveoped a convenient face-selective
cyclopropanation of appropriately protected glycals.'® Our strategy exploits the
merits of a bulky C-3 benzyloxy substituent in directing the carbene/carbenoid
addition. As shown in Scheme 42, the steric hindrance associated with the C-3
benzyloxy group, as expected, directed the bulky dihaocarbene to the less hindered
a-face of 3,4,6-tri-O-benzyl-D-glucal 67, in agreement with that reported by
Brimacombe, whereas the same C-3 benzyloxy group, by coordinating with zinc,
directed the cyclopropanation of the glycd to the p-face under Simmons - Smith

conditions.

BnO
BnO L Bno’%) B“OO
BnO BnO—
109 X=C198
C X=Br 102
X=H 106

Scheme 42. Reagents and Conditions: @) CHCls, ag. NaOH, cat. BnEtN'CI
or CHBr3, ag. NaOH, KF, cat. BnEt;N"CI'; b) Zn, CuCl, CH.l,, AcCl, ether,

reflux; ¢) LAH, THF, rt.
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The treatment of glycas with dihalocarbenes under phase-transfer
conditions resulted in the dihalocyclopropanated derivatives 98 - 101, and 102, 103
and 105 with an exclusive a-selectivity, barring 3,4-di-O-benzyl-L-rhamnal (96)
which gave two dibromo adducts 104a and 104b in a 7:1 ratio. These results are
presented in Schemes 42-44.

Br Br
BnO O —2 4 505 vV + B“OM
Br
OBn OBn OBn Br
96 104a (7:1) 104b

Scheme 43. Reagents and Conditions: a) CHBr;, aq. NaOH, KF, cat.

BnEt;N'CI
BnO o BnO OBn BnO OBn
0 0 0
X=Cl99 pno - Bn()%,) B B0
b C X=Br 103
X=H 107 oK 95 110
X=Cl 100 - . 5 . 5
b <X=Br 104 BnO - B"OU i Bn()u
Skl i OBn OBn OBn
96 111
O a (9] [ 0]
2 BnO ~——— BnO Bnow
X'Cl 101 Bno BDO = N BHO
X=Br 105
x X 97 112

Scheme 44. Reagents and Conditions: a) CHCl,, aq. NaOH, cat. BhEt;N'CI
or CHBr;, aq. NaOH, KF, cat. BnEt;N'Cl; b) LAH, THF, rt; c) Zn, CuCl,
CH:l,, AcCl, ether, reflux.
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Dchaogenation of the adducts 98-100 with lithium auminum hydride in
THF wielded the parent cyclopropanes 106-108 in good yields. The Friedrich
modified verson of the Simmons-Smith reaction, usng acetyl chloride as an
activator, was found to be convenient and single diastereomers were obtained with
glycas 67, 95 - 97.

When boiled with excess potassum carbonate in methanol, adducts 102,
103 and 104a underwent smooth solvolysis providing ring expanded oxepins 113 -

101

115 as anomeric mixtures in good yields (Scheme 45).
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Scheme 45. Reagents and Conditions: a) MeOH, K,COs, reflux, 2h.

A little later, Hoberg, Fraser-Reid and van Boom published their work on
1,2~cyclopropanated sugars. A brief description of their endeavors follows.

Hoberg has deveoped a facile method for the synthesis of highly
functionalized seven-membered ring systems utilizing the glycal-cyclopropane-cum-
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Ferrier rearrangement strategy.’” The Simmons-Smith cyclopropanation of L-
rhamnal 116 followed by acetylation resulted in 117 with 87 : 1 B : a
diastereosdlectivity (Scheme 46). This on treatment with trimethylsilyl triflate and
trimethylsilyl cyanide in acetonitrile yielded the oxepane 118 in 47% yidd.

w O CN
HO@ "LAGO@ZX . "
AcO o

OH OAc
116 117 118

Scheme 46. Reagents and Conditions: a) Et:Zn, CH;I,, toluene, reflux;
b) acetylation; ¢) 10-40% TMSOTf, CH;CN, TMSCN.

The copper catalyzed decomposition of ethyl diazoacetate in the presence of
tri-O-tributylsilyl-glucal 119 resulted in stereosdlective B-exo-carbethoxymethylene
addition to give 120 (Fraser-Reid)'® while the addition catalyzed by Rh,(OAc), gave
exclusively the a-exo addition product 121 (van Boom'® and Hoberg'®)

(Scheme 47).

TBSO TBSO
TBSO 0 b mso’i) TBSO’Q‘A*CC&E!
TBSO —— "IB30

CO,Et
121
Scheme 47. Reagents and Conditions: a) ethyl diazoacetate, Cu, heat;
b) ethyl diazoacetate, Rh(OAc),, CH,Cl,.

Thus, the B-exo-cyclopropylcarbinol 122 derived from 120 by lithium
auminum hydride reduction, gave an anomeric mixture of 2-deoxy-2C-vinyl
mannopyranosides 123 (2.6 :1 anomeric sdectivity) using benzoic and p-

nitrobenzoic acid as nucleophiles under Mitsunobu conditions (Scheme 48).'%



TBSO TBSO
'IBSO’bFCH’OH a TBSO’&QM + TBSO CHzOCO
TBSO —— TBSO OCOAr TBSO

Ar = Ph 66% (2.6:1) 17%
Ar=pNO,Ph  93% (2.7:1) 7%
Scheme 48. Reagents and Conditions: a) PhyP, DEAD, ArCO,H, THF, .

On the other hand, the a-exo-carbocthoxycyclopropane 125, prepared by
Hoberg from triacetylglucal 1 on reaction with ag. hydrobromic acid gave the
glycosyl bromide 126 in a 13 :1 ratio in favour of the p-anomer with displacement
of 3-OAc with bromide (Scheme 49).'”

Acg/&’@ %
C()zEl
126

~CO,Et

..

Scheme 49. Reagents and Conditions: a) 30% HBr in AcOH.

While our work was in progress, Heathcock'® showed the potentia of the
cyclopropane ring opening strategy in the preparation of 3,4,6-trni-O-benzyl-2-C-
methyl-D-glucal 128 (Scheme 50) by the eectrophilic ring opening of 109 and
subsequent dehydration employing mesyl anhydride and triethylamine.
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BnO
BnO BnO o
BnO
BnO 9 sb . BP0 A = B —=
BnO e OH
109 127 128

Scheme 50. Reagents and Conditions: a) Hg(CF;COO),, H,O-THF; NaCl,
b) Bu,SnH, AIBN; ¢) Ms,0, Et3N.

The modified glyca 129, prepared via the hetero Diels -Alder reaction by
Danishefsky,"” under Simmon-Smith conditions gave the cyclopropane 130. This on
ring opening with excess NIS in methanol followed by dehaogenation gave the
2,2-dimethyl substituted glycopyranoside 131 (Scheme 51), which served as the C-3-
C-9 segment for the synthesis of epothilone A.

OBn OBn OBn
0 b, .
g oL — - OMe
OH OH OH
129 130 131

Scheme S1. Reagents and Conditions: a) Et:Zn, CHal,, toluene, reflux;
b) NIS (excess) McOH; ¢) SnBu;H, AIBN.

From this brief survey, the important roles of glycals and glycal derived
products in the construction of various chira building blocks and biologicaly
important sugar residues is instantly apparent. By virtue of the availability of 1,2-
cyclopropanated sugars in both forms and their ability to undergo ready cleavage of
the cyclopropane ring, it is clear that they can serve as useful precursors for a
variety of 2-deoxy-2-C-branched glycosides. The results of our work on 1,2-
cyclopropanated sugars are presented in the next chapter.



RESULTS AND DISCUSSION



Cyclopropane and its derivatives have been known for over a hundred
years.'® For long, they remained as curiosities, as there were no smple and general
methods for their synthesis, till the advent of carbene chemistry in the fifties. Since
then, their chemistry has expanded tremendoudy both in terms of their structure and
bonding and their reactions. The similarities in their chemica reactivities to that of
alkenes, though attenuated, have contributed to their utility in organic synthesis.'®

The unusual bonding and strain present in cyclopropanes as wdl as their
ability to interact with adjacent n- and p-clectron centres enable them to undergo
sdlective transformations. The far reaching analogy between the reactivity of olefins
and cyclopropanes™ makes possible hydrogenation,'"' halogenation, acid and
electrophilic additions'"

Amongst the many applications of cyclopropane derivatives in organic synthesis are
113

on them accompanied by concomitant ring cleavage.

synthesis of alenes from double bonds via
115

solvolytic one carbon homologation,
dihalocyclopropanes,' solvolytic ring opening of cyclopropyl carbinols™™ ring
enlargement (to five membered rings) of vinyl cyclopropanes™® and Cope-
rearrangement of cis-divinylic cyclopropanes for either synthesis or annelation of

7 Findly, these attractive building blocks provide a convenient

7-membered rings.
key to enter into the field of homoenolate chemistry.''®

Like that of mogt other functiona groups, reactivity of the cyclopropane
moiety is strongly influenced by substituents. By nature, cyclopropanes are
nucleophilic though not to the extent of olefins. In a manner analogous to that of
double bond, the philicity of a cyclopropane can be varied according to the
functional groups attached. Subgtitution with electron-donating groups makes
cyclopropanes more nucleophilic, while eectron-withdrawing groups allow
nucleophilic additions to cyclopropanes. Depending upon the nature of substitution,

cyclopropanes can be dlassified as donor, acceptor or donor-acceptor.'



38

1,2-Cyclopropanated sugars are donor-activated cyclopropanes as the
presence of the pyranose oxygen makes them more nucleophilic. Cleavage of a
donor-activated cyclopropane by an electrophile affords the ring opened products as
shown in Scheme 52. Here, the regiochemistry of cleavage is governed by the
stabilizing ability of the donor substituent. In a similar fashion, if sugar derived
cyclopropanes are opened, they would give functionalized 2-deoxy-2-branched chain
pyranosides with defined C-2 configuration (Scheme 52). Though competitive
formation of a septanoside resulting from the cleavage of the C-1-C-2 bond is
possible, it is less likdy due to preferential edge selection of the C-1-C-2 bond by
the incoming electrophile based upon steric considerations. In this context, we have
sdlected a and B-cyclopropancs 106 and 109, respectively, derived from 3,4,6-tri-
O-benzyl-D-glucal as modd precursors to sudy the chemistry of
1,2-cyclopropanated sugars.

OR

E+
e D /\/-\E
ROH
D

PO OR Fo) 0. _OR
2 ; E* PO p E' PO
PO ¥ “Son ROH
" ROH  pg PO 7
PO E E

0) or

Scheme 52.

Acid or dectrophile promoted ring cleavage of cyclopropanes has been
investigated extensively. In general, the regiochemistry of the reaction is rationalized
by a modified verson of Markovnikov's rule,**® which states that the ring opening

occurs between the carbons bearing the largest and smalest number of akyl
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subgtituents, with the dectrophile attaching itsdf to the latter atom. While
considering the stereochemica aspects, different mechanisms involving differences
in the attack of electrophiles on cyclopropancs either at edge/corner or constituting a
one step Sg2 type have been proposed.''? Unfortunately, the evidence available does
not alow unequivoca sdlection of any one of these as the exclusive mechanism. In
some cases, strong evidence for edge-attack with electrophiles like Br' and ClI,*?*
and corner attack with proton, deuteron and mercury derived electrophiles’® have
been reported.

To examine the utility of 1,2-cyclopropanated sugars as precursors to
modified glycosides, we first looked at their reactions with the smplest electrophile,
the proton. When opening of the a-cyclopropane 106 was attempted with methanolic
hydrochloric acid, a room temperature no ring opened product was formed, and
only the starting material was recovered (Scheme 53). This was very suprising, as
even unactivated cyclopropanes are easily opened with H' ion. Carrying out the
reaction by replacing hydrochloric acid with ether sulfuric, acetic or perchloric
acids was also found to give a Similar result. Heating the reaction mixture at higher
temperatures or using excess acid yidded either the starting cyclopropane or
unidentified products resulting from decomposition of the cyclopropane. Findly,
when the reaction of 106 was performed in a sealed tube under refluxing conditions
in methanol with 15 eq. of hydrochloric acid for 15 days,**® we were able to obtain
about 40% converson of starting materia. The ring opened product 132 was
obtained in about 70% yield (Scheme 53).
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BnO
a O
BnO B B‘Eﬁ%owz
BnO Q =
B“;i@ BnO
106 | b BHO%OM "
BnO

132
Scheme 53. Reagents and Conditions: a) 1.5 eq. HCI or H,SO4 or HCIO,,
MeOH, rt; b) 1.5 eq. HCI, MeOH, reflux, 15 days.

The structure of 132 was readily apparent from its spectral and analytica
data. In the 'H NMR spectrum, only one singlet (5 3.49) corresponding to -OMe
was present. A doublet with a coupling constant of 6 Hz at high field (5 1.05) and a
multiplet at 5 1.80 were assgned to the branched methyl group and to the H on the
C-2 carbon. The anomeric proton appeared at 6 4.10 as a doublet with a coupling
constant of 8 Hz, characteristic of axial protons in pyranose derivatives. This made
it obvious that the product obtained was the p-anomer. The H-2 sgnd a 5 180
resonating for a single proton showed that ring opening, rather than ring expansion,
had taken place. These assgnments were further confirmed by 2D-homonuclear
COSY. The H-2 multiplet at 6 180 showed cross peaks with signals at 1.05, 3.26
and 4.10 ppm. As the sgnd at 5 4.10 did not show any other cross peaks, our
assignment of it as H-1 isjudtified. The 5 1.05 signal also did not show any cross
peaks other than the one aready described. Consequently, the 3.26 ppm signd was
assigned to H-3. All these observations taken together strongly indicate that the
product is a 2-deoxy-2C-methyl-B-glucoside. However, an incisive assgnment of the
remaining ring protons was found to be difficult, as the rest of the signals
overlapped and appeared as a multiplet from 5 3.80-3.40. In the *C NMR spectrum,
the C-7 methyl appcared at high field (12.6 ppm) and the pesk at 42.79 ppm was
assigned as C-2. The anomeric carbon C-1 resonated at 105.60 ppm.
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After accomplishing the ring opening of 106 in moderate yields, we
attempted to open 109 under smilar conditions. Discouragingly, there was no
reaction even after 15 days (Scheme 54). Increasing the concentration of HCL led to
the decomposition of 109. These failures prompted us to focus our attention on other
electrophile induced reactions.

BnO BnO

BnO Oy N8 o BnO -0
Bn()/b X\_’-’ Bng&\ﬁ

109 OMe
Scheme 54. Reagents and Conditions: a) 1.5 eq. HCl, McOH, reflux,
15 days.

The addition of haogens (Cl, and Bry),'® acid chlorides'® and other
metallic dectrophiles like mercury (11),*% lead (IV) and thalium (111)** salts to
cyclopropanes have been reported. However, a limitation in using halogens with our
substrates was the possible bromination of the aromatic rings present. Recently,
Cossy reported the oxidative ring opening of cyclopropyl carbinols with NBS in
t-butanol, yielding the corresponding y-halocarbonyl compounds (Scheme 55).'* We
also eected to use NBS as an activator. A more nucleophilic solvent like methanal,
compared to t-butanal, is likely to reduce the possible oxidative opening reported by
Cossy.126

OH o

O QL

Scheme 55. Reagents and Conditions: a) NBS (1.2 eq.), t-BuOH, reflux.
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When 106 was treated with NBS in methanol, analysis of the tlc of the
reaction mixture showed complete disappearance of the substrate after 8h (Scheme
56). The usua method followed involved addition of NBS (neat) to a precooled
(0.1 M) solution of the cyclopropane and alowing it to stir at room temperature for
the required time. The '"H NMR spectrum of the crude product showed two well
separated multiplets integrating in a 4 : 1 ratio, at 8 2.40-1.80, indicating the
presence of two anomers. These two products were easily separable by column
chromatography and were unambiguously characterized by their spectral and
analytical data. It was found that the low polar minor product 133 was the a-anomer
and the relatively more polar mgjor product 134 was the p-anomer.

BnO BnO BnO
BnO Q — g BHO . .+ BnO o OMe
BnO BnO BnO

Br® OMe Br
106 133 134
BnO BnO Br
(0) a -0
BnO BnO
OMe
109 135

Scheme 56. Reagents and Conditions: a) NBS (1.2 eq.), MeOH, rt, 8 or 24h.

The *C NMR spectra of 133 and 134 showed only 11 lincs each in addition
to the aromatic sgnas. The configuration of both anomers was assigned from
'H NMR data, focusing mainly on the H-1 of each isomer. In the mgor product 134,
the anomeric proton appeared at a higher fidd (6 4.43, doublet, J = 85 H2z)
compared to that in the minor product 133 (8 5.0, doublet, J = 2.6 Hz). The
appearance of the anomeric proton at high field with a characteristic diaxia
coupling constant suggests that it is a B-glucoside. The broad multiplet a 8 1.88
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integrating for one proton was assgned to H-2. The above findings have at the same
time provided the necessary support for our prior assumption that ring opening
would prevail over ring expanson in electrophilic ring openings also, based upon
steric considerations.

In the minor product 133, the anomeric proton resonated as a doublet at
6 5.0 with J= 2.6 Hz. In the pyranose scries, generally the anomeric protons which
have an equatoriad orientation arc deshiclded more than those in the axial
orientation.'”” The equatorial-cquatorial coupling constants are also small. These
observations clearly indicate that the minor product 133 is indeed the a-anomer.
Another important observation made was that of the the chemicd hift of the H-2
proton. In the aanomer (at 5 2.25) it was relatively deshidded compared to the
P-anomer (& 5 1.88). These anomeric assignments were further substantiated by
C NMR as wdl as opticd rotation data. In >*C NMR spectrum, the anomeric
carbon of 133 resonated a 102.30 ppm, while it appeared a 99.23 ppm in the
P-anomer 134, in agreement with earlier observations.””® Finally the lower value of
[a]p Observed for 134 (+22°) relative to that of 133 (+87.3°) is in accordance with

129

Hudson's rule, which dtates that generdlly a-anomers have greater positive

rotation compared to their B-counterparts.

Having established the feashility of the ring opening of 106 as well as the
structures of the products obtained, we next focussed our attention on the ring
opening reaction of 109. Under similar conditions, the ring opening of cyclopropane
109 was found to be dower compared to that of 106 and took 24h for complete
conversion to the amannoside 135 in about 62% yied (Scheme 56), without any
trace of the other anomer. The stereochemistry at the anomeric carbon was
confirmed to be & by 'H NMR sudies as before. The anomeric proton of 135
appeared as a singlet at 5 5.03 and H-2 at 6 2.64. In the a-manno series, where
both H-1 and H-2 are equatorial, the anomeric proton usually appears as a singlet or
sometimes as a doublet with J = 2 Hz.*
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Scheme 57. Reagents and Conditions: a) NIS, MeOH, rt, 12h; b) IDCP,
MeOH, 6 or 36h.

In order to illustrate the flexibility of this strategy, we attempted to open
both & and B-cyclopropanes with iodonium ion as the electrophile. When NIS was
used as a source of iodonium ion, 106 reacted within 12h, affording both & and
p-anomers 136 and 137, respectively, ina 20 : 80 ratio (Scheme 57). The reaction
of 109, however, resulted only in 10% conversion (Scheme 57). Although NIS was
successful in opening 106, its inability to open 109 prompted us to employ other
sources of I'. An immediate option was iodonium di(s-collidine) perchlorate
(IDCP).*™ The higher reactivity of di(s-collidine) iodonium complexes has been well
established in intramolecular cyclisations of unsaturated alcohols and acids, where
they have been shown as convenient reagents in the synthesis of medium sze rings
(7-10).*° On the other hand, it's potential in oxidative additions to glycals has been
well established by Lemiuex®™ and Danishefsky.?® This prompted us to use it in our
endeavors. As usual, 106 reacted within 6h yielding both & and P-anomers (136
and 137) in a 15 : 85 ratio. The reaction of 109 with IDCP was found to be
incomplete yielding the ring opened product 138 in 70% yield based on recovered
starting material (Scheme 57), even after 36h.



Table 1. Ring opening of a-cyclopropane 106 with alcohols.
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Entry Reagents\time Products (a: B) Yield %
BnO BnO BnO
BnO 0 — e BnO 0 + BnO 0 OR
BnO BnO BnO
106 X OR X

R = CH; -— 132

1 HCI\Me¢OH\15davs X=H 70
R= CH3

2 NBS\McOH\8h X =Br 133 (20 : 80) 134 72
R= CH3

3 NIS\McOH\12h X=1 136 (20 :80) 137 86
R =CH;

4 IDCP\MeOH\6h X=1 136 (15 : 85) 137 86
R= CH;CH;CI

5 NBS\CICH,CH,0OH\ X =Br 139 (35 :65) 140 9]

4h

R= CH:CC];

6 NBS\CLCCH,OH\lh | X =Br 142 (50 : 50) 143 89
R= CHQPh

7 NBS\PhCH,0H\36h X =Br 145 (35 : 85) 146 91
R=H

8 NBS\H,O-dioxane\8h | X = Br 148 66

The 'H and >C NMR spectral data of all the three diastereomeric iodo

derivatives clearly provide strong support for the assignments as indicated in
Scheme 57. The anomeric protons and carbons of 136 (H-1 5 4.95, d, J = 3.0, C-1
101.07 ppm), 137 (H-1 6 4.30, J= 8.6, C-| 104.4 ppm) and 138 (H-I 8 4.96, C-I
100.9 ppm) are smilar to those observed for the corresponding bromo anal ogues.
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Encouraged by this, and to further examine the generality of this method,
the ring openings of 106 and 109 were carried out in different alcohols and the

results are summarized in Tables 2 and 3.

Table 2. Ring opening of B-cyclopropane 109 with alcohols.

Entry Reagents\time Products Yield %
BnO BnO X
BnO 01 _2 _ BnO 2
o Bg&%
109 OR
1 NBS\MeOH\24h R =CH; 135 62
X =Br
2 IDCP\MecOH\36h R =CH; 138 70
X=1
3 NBS\CICH,CH,OH\ R = CH,CH.ClI 141 71
12h X =Br
4 NBS\CI;CCH,OH\8h R = CH.CCl, 144 72
X =Br
5 NBS\PhCH,OH\4days | R = CH,Ph 147 40
X =Br
6 NBS\H,0-dioxane\8h R=H 149 61
X =Br

As shown in Table 1 (entry 5), reaction of 106 in 2-chloroethanol with NBS
as an activator, was complete within 4h, whereas 109 (Table 2, entry 3) took 12h
for complction. Suprisingly, the opening of 106 with CI;CCH,OH was very rapid,
giving the products in 1h. Under smilar conditions, the reaction with 109 took 8h.
On the contrary, the ring opening of 106 with benzyl alcohol was suggish taking
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36h, while even after 4 days only 20% converson (40% yield) was observed with
109

Table 3. Chemica shifts of some salient protons and carbons of products

133-149

Entry Substrate H-1(J in Hz) H2 C-1 G2

1 133 5.0 (2.6) 2.25 99.23 30. 60
136 4.95 (3.0) 2.16 101. 07 3.05

139 5.15(3.4) 2.28 98. 48 30.53

142 5.35 (2.9) 2.33 98.83 29. 94

145 5.24 (3.2 2.30 98.03 30. 66

148 5.53 2.25 92.43 30. 92

2 134 4.43 (8.5) 1% 102. 29 31.60
137 4.30(8. 6) 128 104. 39 6.97

140 4.55(7.9) 1.9 101. 35 31.49

143 - 2.03 101. 40 31.15

146 - 1% 100. 47 31.61

148 — 180 95. 46 30.92

3 135 5.03 (s) 2.64 99. 71 29. 57
138 4.9 2.63 100. 92 20

141 5.13 2.68 98. 89 29. 40

144 5.33 2.73 100. 03 29.21

147 5.21 2.68 98. 33 29.55

149 5.50 2.61 93.16 29.74
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The spectra data of al the diastereomeric sets of chloroethyl (139 - 141),
trichloroethyl (142 - 144) and benzyl (145 - 147) glycosdes followed a similar
pattern as those of the corresponding methyl glycosides. In each case, while 106
yielded mixtures of both & and P-anomers, only the a-anomer was obtained from
109. The opening of 106 and 109 with water as a nucleophile was carried out in a
1 : 1 mixture of water and dioxane and the corresponding ring opened products 148
and 149, respectively, were obtained in good yields. These reactions approximately
took similar times and substantial benzyl ether cleavage was found in 109. The
important spectral features of al glycosides are given in Table 3.

Branched-chain disaccharides:

Towards further elaboration of this methodology, based on the information
available with various alcohols, it was envisoned that the utilization of sugar
alcohols in these openings would lead to functionalized branched-chain
disaccharides with defined C-2 stereochemistry. In this pursuit, opening of
cyclopropane 106 with NBS in the presence of 12 eg of 1,2:3,4-di-O-
isopropylidine-a-D-galactose (72) in dichloromethane was first attempted. It resulted
only in atrace amount of the disaccharidc with extensive loss of benzyl groups. This
falure prompted us to carefully examine the methods generally employed for
construction of disaccharides utilizing glycals. To this end, we chose acetonitrile as
solvent and 4A molecular Sieves as an additive. After monitoring the reaction
conditions with varying concentrations of sugar adcohol and different reaction times,
with 1.2 eg. NBS (with respect to cyclopropane), we succecded in opening 106 with
sugar acohol 72. The conditions employed involve treatment of a solution of 106
and 3 eg. of sugar alcohol 72 with 4A molecular seves for |h at rt followed by the
addition of 12 egq. NBS and continuing the reection for 4 days. Under these
conditions, in a smilar fashion to that observed in ring openings utilizing alcohoals,
cyclopropane 106 gave both a and p-anomers (152 and 153) in a ratio of 40 : 60
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(Scheme 58). Carrying out the reaction under similar conditions with 109 provided
only one product 154 in moderate yield (Scheme 58).

BnO BnO
o OH BnO 0 BnO o (8]
BnO >( o BnO BnO )
0 e i >(
O I

BnO O
BnO =

106 7 152 \fo 153

109 7 154 \fo

Scheme 58. Reagentsand Conditions: 8 NBS, CH;CN, 4A Seves 4 days.

The charactenzation of the three disaccharides 152, 153 and 154 was next
undertaken with the help of 2D-NMR COSY data. In the 'H NMR spectra of 152
and 154, two signas appeared in the region of anomeric protons. The low field
sgna a 5 5.53 with a coupling constant of 4.9 Hz in al three products was
assigned to the anomeric proton of the galactose unit. The anomeric doublet at
8 5.14 with a coupling constant of 2.9 Hz in 152 suggedts that it is an equatoria
proton i.e., 152 is an aanomer. The H-1 signa of 153 was found to be resonating
along with those of the benzylic protons in the region 8 4.70-4.52. In consonance
with the earlier observations in the ring openings with different alcohols, the H-2 of
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152 resonated at a lower field (5 2.48-2.19) than that in its p-anomer 153 (5 1.97-
1.80). In a similar fashion, in *C NMR spectra also, the anomeric carbon of 152
appeared at higher field (98.8 ppm) compared to that of 153 (101.8 ppm). In the
COSY spectrum of 152, the sgnd at 6 5.54-5.52 showed one cross pesk with the
multiplet a 5 4.34-4.25. Since this multiplet integrated for two protons and
appeared as a mixture of two dds, one dd was assigned as H-2 and other one as H4
of galactose by comparison with the spectrum of 72. The signal corresponding to
H-5 of galactose appeared as a multiplet at 5 4.07-3.93. In al the cases, the H-3
signa of galactose was buried in the benzylic protons signals. The multiplet
resonating at 8 2.48-2.19, assgned as H-2 of the glucopyranoside, exhibited
coupling with 3 peaks at 8 3.38-3.27, 3.86-3.61 and 5.14-5.13. Since the doublet at
8 5.14-5.13 did not show any cross peaks with any other signal, the assgnment of
this signa as the anomeric proton is justifiable. This was further substantiated by
the HETCOR spectrum of 152, where this doublet showed a cross pesk with the
carbon resonating at 98.76 ppm. Conscquently, the two cross peaks at 8 3.38-3.27
(t) and 8 3.86-3.61 were assigned as H-7, H-7' and H-3, respectively. In a similar
fashion, spectral analysis of 153 was carried out.

In the case of 154, the two anomeric protons resonated at 6 5.55 (d) and
8 5.16 (s). They showed cross peaks with the carbons resonating at 98.4 and 96.4
ppm, respectively, in the HETCOR spectrum. The DEPT-135 spectrum showed
that these two were -CH carbons. Additionaly, six CH, carbons were found, in
which the three carbons between 74-72 ppm showed cross peaks only with the
benzylic protons. A comparison with the *C NMR data of methyl glycoside 135
showed that the two -CH, signals which appeared a 68.9 and 66.1 ppm were
respectively C-6 of mannose and galactose. The remaining high field -CH, (29.71
ppm) was assigned as the halomethylene carbon C-7. This carbon exhibited two
cross peaks with the protons resonating at 8 3.40-3.38 (t) and 3.70-3.65 (m), thus
showing the separation between the two diastereotopic protons. These assignments
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were further supported by the COSY spectrum of 154, where the multiplet a 5 2.69
showed four cross peaks with the triplet (5 3.40-3.38, H-7), m (6 3.70-3.65, H-7"),
dd (5 4.12-4.02, H-3) and a very wesk coupling with the anomeric singlet (6 5.16,
H-1). The proton resonating at 6 5.16 showed only one wesk cross pesk with the
multiplet a 5 2.69. The wesk coupling observed between H-I and H-2 clearly
provides evidence for the diequatoria relationship between these two protons.
Starting with the anomeric sgnd of the galactose moiety, the wel separated dd at
64.36-4.31 was assgned as H-2 and another dd at 6 4.25-4.19 was found to be H-4
of galactose.

Satisfied with the stereochemicd assignments of the three disaccharides and
in order to generalize this cyclopropane opening protocol towards the construction of
functiondlized branched disaccharides, we attempted to use xylose (150) and
arabinitol (151) derivatives in this pursuit.

BnO BnO
BnO BnO
BnO . BnO
()Bn 0
BHO 62%
(35 : 65) DB”
150 155 /1/ 156

Scheme 59. Reagentsand Conditions: a) NBS, CH;CN, 4A Seves, 4 days.
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Under similar conditions as those followed for galactose 72, with xylose 150
(Scheme 59) and arabinitol 151 (Scheme 60), the ring opening of 106 and 109
proceeded smoothly and the products were obtained in moderate yields. The
structural assignments of al three diastereomeric disaccharides obtained with 150
and 151 were straightforward. The chemicd shifts of diagnostic protons and
carbons are given in Table 4.

BnO 0 Q\%
O 3
BnO (o} a
0 66%
106

151

0

BnO 0 9‘-%
BnO 0 Ho\/ﬂ\‘/:\/o -
BnO + A/[\ 41%
109

Scheme 60. Reagentsand Conditions. a) NBS, CH;CN, 4A deves, 4 days.

In al the above cases, the sugar dcohols are primary. However, attempts to
open cyclopropane 106 with 1,2:5,6-di-O-isopropylidine-a-D-glucofuranose (71,
Scheme 61) yieded a complex mixture from which separation of the desred
disaccharide was difficult. Hence this was not pursued further. Thus, this
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methodology makes for an easy entry into the synthesis of functiondized branched
disaccharides which are hitherto unknown.

Table 4. Chemical shifts of some sdient protons and carbons
of products 152-160

Entry | Compound H-1 H-2 C-1 C-2
(J in Hz)

] 152 5.14 (3) 2.34 98.76 30.38
2 153 o 1.89 101.78 31.71
3 154 5.16 2.69 98.42 29 68
4 155 2.12.(3) 2.27 98.30 30.63
5 156 i 1.88 101.21 31.57
6 157 5.08 2.60 08.9 29.66
7 158 5.14(3.1) [ 2.26 98.55 30.45
8 159 — 1.91 101.50 31.59
9 160 5.12 2.64 99.14 29.46

0
OH
BnO XON'O
0]
Bg(é(j&@ . ‘?O —2 >  Complex Product Mixture
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Scheme 61. Reagentsand Conditions: a) NBS CH:CN, 4A Seves, 4 days.



3. Stereoselective construction of 2-deoxy-2-C-methyl pyranose templates:

As mentioned previoudly, in dealing with targets containing multiple centres
of chirdity and functionality, carbohydrate derived precursors offer definite
stereochemical and operational advantages. In this context, a perusa of the various
approaches towards the synthesis of natural products containing either
tetrahydropyrans, 8-valerolactone moieties or open chain templates for macrolide
antibiotics showed that a common problem encountered is the introduction of a
methyl group stereoselectively in the pyranose skeleton. Different strategies that
have been used to address this problem ae i) the ring opening of
2,3-anhydroglycosides by lithium dialkylcuprates,'' ii) conjugate addition of lithium
dialkylcuprates to enones of type 164'** and iii) hydrogenation of 2-exomethylene

glycosides.'*?

0 Ph-7"~0 Ph-7~0
P, 0 L0970 b Lo

0 OMe OH OMe OH OMe

161 162 163
Scheme 62. Reagents and Conditions: a) Me,CulLi, ether; b) DMSO, Ac,0;
¢) NaOMe, MeOH; d) NaBH..

The easily available epoxide derivative 161, does infact undergo a highly
regioselective opening with lithium dimethylcuprate to give the corresponding 2C-
methyl derivative 162 with exclusive B-orientation (Scheme 62). Oxidation of the
resulting 162, followed by base induced epimerisation at C-2 and reduction gave
2C-methyl derivative 163 with a-orientation.'*"

Addition of lithium dimethylcuprate to enone 164 resulted in 165 with
branching at C-2 with B-orientation (Scheme 63).'*
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OEt OFt
164 165
Scheme 63. Reagentsand Conditions: 8) Me,Culi, ether.

On the other hand, hydrogenation of 2-deoxy 2-methyleneglycosides has
been used to introduce the methyl group sdectively from either a or P-face
depending upon the anomeric configuration. For example, hydrogenation of the exo-
olefin 166 produced exclusively the p-isomer 168, while 167 gave a mixture of
manno and gluco isomers 169 and 170, respectively (Scheme 64).'%

Ph O
0 0 Ph _
oy OMe a ;;Z:giég?LiE&/
OMe
RO
166 168

0 Ph o) Ph
Ph/\:) O a (;Z—\\z -0 mo

RO —— RO ROW

OMe OMe OMe

167 169 31:1 170

Scheme 64. Reagentsand Conditions: a) H,, Pd-C, toluene.

The availability of both forms of cyclopropanes from the same glycal
intermediates and the extensive information available on their electrophilic openings
prompted us to explore these vauable intermediates towards the stereoselective
construction of 2-deoxy-2C-methylglycosides. Anaogous to the synthesis of
2-deoxyglycosides from glycals, the strategies that can be followed in the case of
1,2-cyclopropanated sugars to procure 2-deoxy-2C-methylglycosides are halonium
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ion mediated openings followed by dehalogenation, direct solvolysis with minera
acids and other promoters like CSA,* PTSA* or TPHB*" and oxymercuration™
followed by demercuration.

Our initid falures in attempts at direct solvolysis with minerd acids
prompted us to search for other aternatives. Mercuric ion mediated openings of
cyclopropanes are well-documented and are known to occur with high regio- and
stereoselectivity. The high regio- and stercosclectivity in these openings were
explained as due to a corner attack of mercuric ion followed by concerted opening
with nucleophiles™ Recently, Mohamadi and Collum"™* have shown that
oxy-mercuration of cyclopropylcarbinols is a facile method for the construction of
2-methyl-1,3-diol units (polypropionate templates, Scheme 65). Recently, the
mercuric ion mediated ring opening of bicyclopropanes and tercyclopropanes has
been reported by Barrett for the first time.*®

OH OH
O a ©/
-
“OH
O
OH
H O/\‘Q\Q\/ _8 H O/\ﬂ\ (}\/OH a H OI\(Q\
OBn

OBn
Scheme 65. Reagents and Conditions: a) i) Hg(CF;COQ),; ii) LAH.

Initial attempts to open 106 with mercuric acetate followed by reductive
demercuration with sodium borohydride (NaBH,) resulted in  the formation of a
bis(sugar) mercury derivative 171 in predominant amounts (Scheme 66).



57

BnO BnO BnO
a
BnO O — B0 0 BrO 0
BnO BnO OMe * “po OMe

106 132 171

Scheme 66. Reagents and Conditions: a) i) Hg(CH3;COO),, McOH,
18h; ii) NaBH,4, MeOH, rt.

Replacing mercuric acetate with mercuric trifluoroacetate and switching
over to the Mohamadi procedure™* (Scheme 67), yielded exclusively the P-anomer
132. The spectral data of the product was in agreement with that of 132 obtained
from the HC1 solvolysis of 106.

BnO
BnO B .
BnO O a o) R=Me 132 (72%)
BnO — BnO R = n-Bu 173 (53%)
OR
BnO
106
BnO BnO
R=Me 172 (71%
BnO Oy & _ ppo 8 ) ey
BnO BnO R =n-Bu 174 (78%)
109 OR

Scheme 67. Reagents and Conditions: a) i)Hg(CF3COQ),, ROH, 18h;
ii) sat. NaCl, 15min; iii) LAH, THF, 0° - rt, 3h.

Under similar conditions, cyclopropane 109 gave the corresponding
2-deoxy-2-methylmannoside 172 in 71% yield (Scheme 67). The 'H NMR spectrum
showed only one -OMe singlet resonating at 5 3.35, suggesting the presence of a
single anomer. H-2 appeared as a multiplet at 5 2.50-2.33. The CHs doublet with
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J = 7.4 Hz resonated at 8 1.13-1.09. The "*C NMR spectral assignments are C-1 at
1034, C-2 a 36.93 and C-7 at 11.41 ppm.

This methodology was further extended using n-butanol as solvent. The
corresponding n-butyl glycosides 173 and 174 were obtained in 53 and 78% yields,
respectively, from cyclopropanes 106 and 109. A brief summary of the spectra
details of 173 and 174 follows. H-1 gppeared as a doublet at & 4.10-4.06 (J = 8.1
Hz) and as a singlet at & 4.71, whereas H-2 gppeared as multiplets at & 1.85-1.65
and 8 2.55-2.45 in 173 and 174, respectively. The *C NMR spectra of 173 and 174
showed 14 carbons apart from the aromatic carbons and anomeric carbons were
found at 104.7 ppm (173) and 102.12 ppm (174).

To extend the scope of this methodology, the mercuric ion mediated ring
opening of the cyclopropanes derived from galactal (107 and 110, Scheme 68) and
rhamna (108 and 111, Scheme 69) were carried out in methanol.

OBn

BnO BnO OBn
O a o
BnO S ’
BnO OMe
107 175
BnO OBn BnO
0 a
BnO —_— BnO

OBn BnO _OBn - yo
.0 0 2
o
BnO
OMe OMe
110 176 177

Scheme 68. Reagents and Conditions: &) i)Hg(CF;C00),, ROH, 18h;
ii) sat. NaCl, 15 min; iii) LAH, THF, 0°- rt, 3h.
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Under similar conditions, ring opening of a-cyclopropane 107 yiclded the
desired 2-deoxy-2C-mcthyl glycoside 175 in 69% yield along with smal amounts of
bis(sugar)mercury compound. Resction of the corresponding B-cyclopropane 110
resulted in substantial amounts of big(sugar)mercury compound 177 aong with
desired product 176 (46%). Identity of this bis(sugar)mercury compound 177 was
confirmed by 'H and PCNMR spectra. In the 'THNMR spectrum of product 176,
H-7 appeared as a doublet at 8 1.30-1.26 integrating for three protons, whereas in
the case of the bis(sugar)mercury compound 177, two multiplets integrating for two
protons appeared in the region 8 1.30-0.75. In the *C NMR spectrum, C-7 of 177
resonated at 36.19 ppm and it was found to be a -CH, from its DEPT-135 spectrum.

The formation of big(sugar)mercury compound in substantial amounts
prompted us to vary the reaction conditions. However, increasing the temperature of
the reaction mixture to 50° was found to give the product in poor yidd and resulted
in the bis(sugar)mercury compound as the mgor product.

. O‘P a o + ‘E\o;l]l
BnO —* Bn0O OMe RO OMe
BnO RO

OB R -H, R=Bn
e N 179 g'-0Bn, R =H

OMe OMe
@ - \ﬂﬁ ' ﬁi
111 180 181 2

Scheme 69. Reagents and Conditions: a) i)Hg(CF ,C0O),, ROH, 18h;
ii) sat. NaCl, 15min; iii) LAH, THF, 0°-rt, 3h.
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The ring opening of a-cyclopropane 108 derived from rhamnal provided
two products 178 (36%) and 179 (47%). Interestingly, a careful analysis of the
spectral data of the mgjor product 179 showed that it lacked one benzyl group. The
IR spectrum of 179 showed an -OH band 3389 cm™. In the proton spectra of 178
and 179, the anomeric proton appeared at 8 4.0 with aJ value of 8.6 Hz. This shows
that both the products obtained have the same p anomeric configuration. Thisis also
substantiated by the *C NMR spectra, where the anomeric carbons of 178 and 179
resonated with amost the same chemicd shift (105.39, 105.41 ppm). However,
attempts to determine the regiochemistry of the benzyl group cleavage were not
made.

As observed for B-cyclopropane 110, the ring opening of rhamnal derived
cyclopropane 111 with mercury trifluoroacetate in methanol was also found to give
the 2-deoxy-2C-methyl product 180 in 50% yied dong with substantial amounts of
bis(sugar)mercury compound 181. The identities of both the products were
established using 'H and "*C NMR spectra.

4. Mechanistic aspects of ring openings of cyclopropanes 106 and 109: Synthesis
and intramolecular nucleophile assisted ring openings of cyclopropanes 185 and
186.

Although our stated goa of developing 1,2-cyclopropanated sugars as
convenient intermediates for the construction of 2-deoxy-2-brached glycosides was
redlized, the results obtained raise some intriguing questions about the various

factors involved in these ring opening reactions. Some of them are:

1. The higher reactivity of a-cyclopropane 106 over B—cyclopropane 109.
2. The role of the electrophile employed.
3. The stereospecific ring opening of 109 in contrast to that of 106.
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4. The role of solvent (i.e. qualitatively, the reaction is fastest in Cl;CCH,0OH and
slowest in PhACH,0H in the order: Cl,CCH,0H > CICH,CH,OH > MeOH >
PhCH,0H).

As shown in Figure 1, there exist two possible conformers of 106 (106A
and 106B) and that of 109 (109A and 109B). However, due to strong 1,3-diaxial
repulsion in both the cases, the ones which have substituents in equatorial

disposition are the favored conformers (106B and 109B).

OBn
OBn ): BnO

fe) — BnO 0
Sf ; AL

OBn

OBn

106B
106A

OBn
OBn L BHOZ ii
I /\ 0 BnO \LE.\
Y OBn

OBn
109A 109B

Figure 1.

The preference for these two conformers is substantiated by the 'H NMR
spectral data of 106'® and 109'®, where the Js.4 coupling constants were found to be
9.1 and 7.0 Hz, respectively. These values are characteristic of diaxial coupling and
clearly provide strong support that 106B and 109B are the preferred conformers.
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1. Higher reactivity of a-cyclopropane 106 over B-cyclopropane 109

The ring openings of 106 and 109 with Br* and I' in methanol show a
marked difference in reaction times. The openings of 106 with Br* and F take place
smoothly and relatively faster than that of 109. In the case of 109, F was unable to
induce the ring opening completely immateria of the source of F employed (NIS or
IDCP).

Looking a the conformers 106B and 109B, it is clear that in 109B,
although C-3 and C-5 substituents are orientated equatorially, their disposition on
the same sde as that of the cyclopropane hinders attack of the incoming electrophile
relative to 106B. This is particularly so for haonium ions due to their larger size
and their edge-wise approach to cyclopropanes. The relatively high reactivity of
cyclopropane 109 with Br" compared to F substantiates our argument that steric
hindrance associated with eectrophilic attack is the reason for the lower reactivity of

109 when compared to 106.

2. Roie of the electrophile employed

Amongst the four electrophiles used (Br", I', H" and Hg?"), Br" and F give
mixtures of anomers with 106 and only one anomer with 109, whereas H* and Hg*'
give a single anomer with 106. Further, H' does not react with 109, while Hg?*
again gives a single anomer. This can be explaincd from the earlier observations
where it has been shown that the openings of cyclopropanes with mercuric ions are
highly stereosdlective and involve a corner attack resulting in products with double
inversion.* It is also known that addition of H" to cyclopropanes takes place via a
comner attack'”*'** and the high selectivity observed in the reaction of 106 with H
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substantiates this. The lower reactivity of H' towards 106 and 109 when compared
to Hg Tis paralel to that observed in the reactions of adkenes with the same
electrophiles. This is explainable by using HSAB principle according to which Hg?*
is a soft acid compared to the proton and the carbon substrate is a soft base.
Differences observed between Br* and I'on the one hand and Hg* and H' on the
other can be attributed to the edge-wise approach of the former and this aspect has
been mentioned above.

3. Stereospecific ring opening of 109 in contrast to that of 106
While the openings of 109 aways proceeds with inverson at the anomeric
centre, those of 106 display two pathways-inverson (mgor) and retention (minor).
The mechanistic routes that are possible while considering the ring opening of both
the cyclopropanes and the observed anomeric selectivities are:
1. The reaction takes place via an eectrophile induced ring opening resulting a free
carbocation, followed by its capture by the nucleophile. The ring opening may
or may not be assisted by the pyranose oxygen. This pathway is labded as

‘Sc 1 »
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2. An dectrophilic addition followed by concomitant nucleophilic attack leading to
ring opening ("SN2").

ru
BnO

= 0
.5'5"4-\0—-—-- Products

BnO

Bn

Exclusive formation of the a-anomer with cyclopropane 109 shows that its
opening with al eectrophiles perhaps occurs through the latter process. However,
the information available from our experiments does not rule out the possibility of
exclusve preference for axia attack on the oxonium ion resulting only in an
a-anomer via an Syl path way. The formation of both anomers from 106 clearly
provides strong evidence for the participation of the Syl pathway in the
cyclopropane openings. At this stage, with the little information available, we are
not in a position to assess the contribution of the two pathways in determining the

outcome of the anomeric ratio.

4. The role of solvent

The srongly solvent-dependent nature of electrophilic additions to double
bonds is well known.™ It has been shown™ that in the case of bromine addition to
I-pentene in solvents of different polarity (hexane to water), the overdl rate varies
by a factor of 10™. It has been suggested in the case of dectrophilic additions to

double bonds that the observed rate enhancement and the lowering of
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stereoselectivity in polar solvents is due to the greaster onium character of the
reactive intermediates due to their stabilization by polar solvents. However, in our
examples, al the solvents used were protic solvents expect in the case of opcning

with sugar acohols, where the aprotic dipolar solvent acetonitrile was used.

Speculation about the role of solvent on NBS activated openings of 106 and
109 has led us to the tentative concluson that solvent polarity is not an important
factor, but the extent of solvation of Br' is. A plausble explanation for this
conclusion is as follows. In 2-chlorocthanol, the inductive effect due to chlorine
decreases the electron density around oxygen and thus the solvation of Br' in
2-chloroethanol becomes less than that in methanol and least in trichloroethanol. To
afirst approximation, this can be correlated with the pKa vaues of the alcohols. The
corresponding values are 18, 155, 142 and 11.8, respectively, for benzyl acohoal,
methanol, 2-chloroethanol and 2,2,2,-trichlorocthanol.**'* Therefore, the degree of
solvation of Br* will be in the order PhCH,OH > McOH > CICH,CH,0H >
CI,CCH,O0H, i.e, Br" will be mogt reactive towards 106 and 109 in Cl;CCH,OH
and least in PhCH,0OH.

Exclusive formation of the a-glycoside from cyclopropane 109 is then a
consequence of an elctrophile activated Sx2 type ring opening of the cyclopropane
by an external nucleophile. With the a-cyclopropane 106, the p-glycoside is formed
predominantly by the same route, while smultaneous formation of the a-anomer in
this case points to the possible involvement of an Sx1 pathway aso. It may be noted
in both instances that the a-glycoside is the one favored by the anomeric effect.

In order to better understand the processes taking place, we prepared the
& and B-cyclopropanes 185 and 186, with a free 6-OH group, as outlined below

(Schemes 70 and 71).
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TrO TrO
BnBOnD E a B'SD 2 _,b_.. BnO 0

182 183 185
Scheme 70. Reagents and Conditions. a) CHCI;, 50% aq. NaOH,
cat, BnEt;N'CI', 24h; b) 98% HCO,H-ether (1 : 2), 1h; c) LAH, THF, 24h.

The addition of dichlorocarbene to 6-tritylglucal 182'* under phase transfer
conditions® took place exclusively from the a-face, yidding the corresponding
dichloro adduct 183 in 73% yidd (Scheme 70). The spectral assignments of
compound 183 are as follows. H-2 resonated as add at 5 193 with J = 4.1 and
7.8 Hz. The larger coupling was assigned to J,; as evidenced from the H-1 signal,
which appeared as a doublet a 5 4.08 with J = 7.8 Hz. The smaler value of
coupling between H-2 and H-3 suggests a quas axial-equatorial arrangement. This
is in agreement the with spectral data of the dichloro adduct derived from 3,4,6-tri-
O-benzyl-D-glucal (98).'®

Assured of the inertness of dihaocyclopropanes and parent cyclopropanes
towards minerad acids (as is evident from our earlier experiments), we directly
proceeded to detritylate 183 employing formic acid in ether,* without opting for
any mild reagents. The detritylated product 184 was obtained in 74% yield. The IR
spectrum of 184 showed a strong -OH band at 3369 cm™. The dehalogenation of
184 was carried out with LAH (84%) and gave the required a-cyclopropane 185 in
45% overdl yidd starting from glycal 182.

We next focussed our attention on the other diastereomeric cyclopropane

186. Gratifyingly, the Simmon’s-Smith cyclopropanation'*?

of 182 gave directly the
required B-cyclopropane 186 in 70% yield (Scheme 71). Under the mildly acidic
conditions involved, detritylation can be expected to occur. It is not clear, however,

whether detritylation precedes or follows cyclopropanation. The structures of 185
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and 186 were established thoroughly from their '"H and *C NMR data which are
similar to those of 106 and 109, respectively.

T
e Hﬁo ,
BnO a 0
gk BnO
s BnO

182 186

Scheme 71. Reagents and Conditions: a)Zn, CuCl, CH,l,, AcCl, cther,
reflux, 2h,

The ring opening of these cyclopropanes with an electrophile in an aprotic
solvent would result in the intramolecular attack of 6-OH a C-1, giving a
levoglycosan derivative. This should be particularly favorable for the cyclopropane
185, where the 6-OH group and the cyclopropane are wdl st to react in an Sk2 type
process. In cyclopropane 186, Sy2 type process can be ruled out, but formation of a
levoglycosan derivative is possible by an Syl pathway. These intramolecular ring
openings and ring closings of 185 and 186 would provide information about the
difference in their reactivities. If a pure Sx1 mechanism is assumed, the difference in
the reactivities of 185 and 186 will be due to the difference in the rate of first step,
as the rate of intramolecular closure would be the same in both cases, considering
the availability of a built-in nucleophile at C-6. An Sx2 type mechanism is possible
only in 185 and is ruled out in 186.
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Scheme 72. Reagents and Conditions: a) NBS, CH;CN, 4A sieves, 5 or 36h.

The intramolecular ring opening of a~cyclopropane 185 in acetonitrile with
NBS as an activator in the presence of 4A molecular sieves, took place smoothly
within 5h giving the levoglucosan derivative 187 in 71% yied (Scheme 72). On the
other hand, under smilar conditions, the reaction with B-cyclopropane 186 was
incomplete and yielded the levomannosan derivative 188 in 35% yield after 36h
(Scheme 72). These results clearly indicate that the lower reactivity of the
P-cyclopropane 186, when compared to 185, is due to steric hindrance to the
approach of the eectrophile. While a-cyclopropane 185 reacts clearly and rapidly
by an Sx2 type process to give the levoglucosan derivative 187 in 71% yield, the B-
cyclopropane 186, with no such option available, forms the levomannosan derivative
188 in much lower yield, probably through an Sy 1 mechanism.

The spectral assignments of products 187 and 188 were made using the data
available for the known I|,6-anhydro-2-deoxy-2-C-vinyl-p-glucopyranose derivative
189."* The comparative spectral data are given in Table 5.
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Table 5. Comparative spectral data of compound 187 - 189:

(0] 0 O
Bn(_) BnO BnO
Entry L 9 9
Br
OBn OBn OBn N
Br
187 188 189
1 H-1 558 (s) 5.50 (s) 5.43 (s)
2 H-2 2.27 (t) 2.37dd 2.49
3 H-3 4.3(d) 4.12 4.09
4 H-4 3.4 (s) 3.49 3.43 (s)
5 H-5 - 4.58 (d) -
6 C-1 101.6 101.1 103.5
7 C-2 45.56 44 41 518
8 C-6 64.92 64.74 65.4

Synthesis of a-methylene-8-valerolactones:

The significance Of sereocontrolled carbon-carbon bond  formation
involving addition of carbon nucleophiles and radicas in organic synthesis has been
wel recognized. However, its gppreciation in carbohydrates has commenced only
recently.*** While considering the various cydic templates, unsaturated lactones and
unsaturated carbonyl compounds stand out as suitable precursors towards
enantiopure chemical synthesis of highly functiondized intermediates. Exo-cyclic
a-methylene lactones have received much attention in this connection especialy
a-methylene-y-butyrolactones. This is mainly due to the presence of this moiety in
many natural products and its biologica sgnificance. A likely mechanism for the
biologica activity of these g-methylene-y-lactones is through the conjugate addition
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of a nucleophilic biomolecule.'®® In contrast to this, a-methylene-8-valerolactones
are less frequently encountered moieties in natural products, which perhaps is the
reason for the limited number of reports towards their construction. Very few
categories of compounds such as cembrane lactones and withanolides possess this
moiety.'® The methods available for their synthesis generaly involve either
methylenation of &-lactones or lactonisation of a-methylene-8-hexenoic acid
derivatives. '’

Recently, Schmidt and Giese"® have made an entry into the synthesis and
utility of sugar derived a-methylene-5-valerolactone templates. The C-disacchanide
synthesis developed by Giese and Schmidt'*®® permits the connection of two
pyranoses by a methylene group, involving the addition of an anomeric pyranosyl
radical derived from a pyranosyl hdide to sugar derived a-methylene-6-

valerolactones.
2
BnO o) S—Ph BnO 0 S—Ph Bn 0
b
wfoﬂ a, xh,. ‘ OH _..C_..-.. X e,
¥ n Y Y
OBn OBn
190 191

X=0Bn, Y=H 195

X=H, Y=0Bn 196
Scheme 73. Reagents and Conditions: a) MCPBA , CH;Cly; b)2 eq. LDA, THF,
HCHO; c) cat. PTSA, toluene, 70°,

The procedure developed by Schmidt, as shown in Scheme 73, involves the
treatment of a glycopyranosyl sulfoxide with 2 eg. of LDA, followed by quenching
of the resulting C-2 lithiated glycd with formadehyde. Acid catalyzed
rearrangement of the procured 2-hydroxymethyl derivatives yielded the respective a-
methylene-8-valerolactones.
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In yet another protocol adopted, synthesis of a-methylene-5-valerolactones
has been achieved by Chmilewski'® with glycas as starting compounds. Treatment
of 2-deoxy-2-methylenc methyl glycosides,™ derived from glycals in four steps as
shown Scheme 3 (introduction), with hydrogen peroxide in the presence of
molybdenum trioxide as catalyst provided anomeric hydroperoxides. Subsequent
reaction of hydroperoxides with acetic anhydride-pyridine mixture afforded lactones
195 and 196, respectively.

BnO -

"0

- ) X=0Bn, Y=H 195
X=H, Y=OBn 196

Scheme 74. Reagents and Conditions: a) molybdenum trioxide, 60% H,0,,
rt; b) Ac;0, pyridine, CH,Cl;, rt.

We conceived of synthesizing a-methylene-5-valerolactone 195 from 149
following a sequence of oxidation and dehydroha ogenation. Extending this protocol
to other cyclopropanated sugars obtained in one or two smple steps starting from
glycals thus provides a facile and smple approach towards these chira templates.

Initialy, oxidation of lactol 149 was carried out with PCC and it was found
that the resultant product was a mixture of a lactone and a lactol. The IR spectrum
of the crude product showed a strong hydroxyl stretch at 3408 am™ and carbonyl
stretch at 1732 cm'™ (which is also present in the lactol 149). In general, the carbonyl
band of §-lactones appears around 1748 cm™. The absence this band adequately
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proves that the oxidation with PCC is incomplete or did not take place. Replacing
PCC with PDC also gave a smilar result.

With the failure of attempts to oxidize lactol 149 with PCC or PDC, we
looked for other methods. Among the various methods available for oxidation of
lactols, oxidation with 1, attracted our attention. The reason is that iodine can also
open a cyclopropane. Although NIS failed to open 109 in methanol, we anticipated
that at the higher temperature that is generdly needed for the oxidation of lactols,
the preceding ring opening can also be carried out. One advantage with opening of
cyclopropanes with the iodonium ion when compared to the bromonium ion is the
circumvention of O-benzylic cleavage, which we encountered occasionally with
NBS. When the reaction of 109 with iodine in aq.dioxane was carried a 70°,
discouragingly, it was found that the product obtained in 79% yield was exclusively
the iodolactol 193 (Scheme 75).

BnO BnO I BnO o) 0
BnO ° — % & BnO ‘0 __b__,__ _
BnO BnO Bn O\u‘

2 193 OH OBn
195

Scheme 75. Reagents and Conditions: a) 1;, dioxane-water (1 : 1), 70°, 8h;
b) IDCP, dioxane-water (3 : 2), 60° - 70°, 18h.

The 'H NMR spectrum of 193 showed a broad singlet a 5 5.45,
characteristic of an unprotected anomeric proton. H-2 appeared as a multiplet at
5 2.60. No other signals corresponding to the possible B-anomer were found. This
clearly indicates the strong preference of the H-1 proton for an equatoria orientation
in manno derivatives. The °C NMR spectrum showed only 10 carbons excluding
the aromatic carbons, again confirming the presence of a single anomer. In the case
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of 2-deoxy2-C-methyl mannose derivatives, Heathcock'® reported the formation of a
10 : 1 a: B anomeric mixture. However, we did not find any evidence for an
anomeric mixture either in bromo- or iodolactols 149 and 193, respectively. The
anomeric carbon resonated at 94.4 ppm and the iodine bearing carbon at 2.14 ppm.
These assignments clearly show the product obtained was an iodolactol and
oxidation did not occur.

Increasing the temperature and/or reaction time was found to yidd the lactol
193 and an uncharacterizable product whose structure was not edtablished. The 'H
NMR spectrum of this product showed an adehyde proton and a free anomeric
proton. The presence of both anomcric carbon and addehyde functiondity was
further substantiated by the *C NMR spectrum.

O AcO AC()
O iy e R,
AcO— — ==
I 0]
I
194

Scheme 76. Reagents and Conditions; a) I'[s-collidinc], BFy, CH.Cl,,
DMSO, rt.

Prompted by a report'® on the reection of dlefins with a combination of
iodonium di(s-collidine) tetrafluoroborate and DMSO yidding a-halocarbonyl
compounds (Scheme 76), we looked at the reaction of 109 with IDCP jn aq.dioxane.
Gratifyingly and most suprisingly, the desired a-methylene-8-valerolactone 195 was
obtained in 57% yield, involving a sequence of ring opening, oxidation and
elimination. The optimum conditions involved treatment of the cyclopropane 109
with 6 eq. of IDCPin 3 : 2 water-dioxane mixture at 60-70° for 18h (Scheme 77).
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BnO BnO (0] (o]
BHO@—-—%
BnO BnO

109 OBn
195
Scheme 77. Reagents and Conditions: a) IDCP, dioxane-water (3 : 2),

60°-70°, 18h.

The '"H NMR spectrum and optical rotation data of compound 195 were in
agreement with that reported by Schmidt.'® Incisive assignments of al ring carbons
of 195 was made using DEPT-135 and HETCOR data. The DEPT-135 of 195
showed the presence of 5-CH; carbons at 129.92, 75.74 (2C), 73.56 and 68.60 ppm.
The -CH; at 129.9 ppm clearly shows the presence of an exocyclic methylene. This
was further substantiated from the HETCOR spectrum of 195, where the two
olefinic protons have cross peaks only with the carbon resonating at 129.92 ppm.
The three -CH, carbons resonating at 75-73 ppm were assigned as benzylic and the
remaining CH, as C-6. The other carbons C-3, C-4 and C-5 appeared a 79.05,
78.70 and 78.74 ppm, respectively. This was edtablished by correlating with the
corresponding protons using HETCOR data.

In order to generalize this methodology (Table 6), reaction of cyclopropanes
110, 111 and 112 (cyclopropane 112 was prepared by Simmons-Smith
cyclopropanation of di-O-benzyl-D-xylal 97 in 63% yield) was carried out under
similar conditions and the corresponding a-mcthylene-8-valerolactones 196, 197 and
198 were obtained in 41, 83 and 68% yields, respectively. The low yield obtained in
the case of 110 may be duc to the more sterically crowded environment around the
B-cyclopropane, which precludes the attack of I'. This was substantiated by the
reaction of its a-diastereomer 107 under similar conditions to provide 196 in 82%
yidd. In a smilar fashion, 195 was obtained in 75% yidd from the cyclopropane
106



Table 6. Conversion of 1,2-cyclopropanated sugars to
a-methylene-d-valerolactones.

Substrate

Entry Product Yield %
BnO BnO O 0
B O 0' (L 7
1 En(;%/ BnC >
109 OBn
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BnO 0__0
BnO OBa
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2 BnO@ BnO
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112 :7 o
A .
I R
BnQ"'
13 OBn
BnO OBn 198
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The physical data of compound 196 was in agreement with that reported
earlier.'® A careful anaysis of the *C NMR spectrum of compound 196 was
carried out and the al ring carbons were assigned unambiguously. The identities of
compounds 197 and 198 were established by their spectral (IR, 'H and *CNMR) as
well as mass spectral data. The salient features of the spectral assignments of 197
follows.

The IR spectrum of compound 197 showed a strong carbonyl band at 1730
om™, characteristic of an unsaturated lactone. The two singlets at 8 6.49 and & 5.88
clearly showed the presence of olefinic protons. The 6-CH; resonated at high field
(5 1.46) with J being 6.7 Hz. In the *C NMR spectrum, C-1 and C-7 resonated at
165.8 and 131.7 ppm, respectively.

Reaction of iodolactol 193 with IDCP (5 eq.) under similar conditions
resulted in 195 in 77% yield, thus implying that 193 is an intermediate in the tandem
three step sequence of ring opening, oxidation and dimination, the last step being
brought about by s-collidine. When the reaction of 109 was carried out either for 8h
or using 4eqg. of IDCP, it was found that 195 was obtained along with substantial
amounts of iodolactol 193. This clearly shows that amongst the three steps involved,
dehydrohalgcnation is rapid and oxidation step is comparatively dower than the
remaining two steps. The possibility of dehydrohalogenation being the second step
and oxidation of the corresponding unsaturated lactol to unsaturated lactone can not
be ruled out. However, we have not come across products having the unsaturated
lactol moiety in our experiments.

Thus, the utilization of 1,2-cyclopropanated sugars in the construction of
various functiondised 2-deoxy-2-C-branched-chain glycosides and disaccharides
has been explored. As can be seen from the alcohols chosen, the glycosides formed
from them can be hydrolyzed to the free sugars under acidic or neutral conditions,
imparting flexibility to the method, if needed. On the other hand, this methodology
makes for an easy entry into the synthesis of functionalised branched disaccharides
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which are hitherto unknown, usng sugar dcohols. The mercuric ion mediated
opening of both forms of cyclopropanes afords an easy entry to the synthesis Of
modified sugars with defined 2-C-methyl sereochemistry which can serve as
valuable precursors in natural product synthesis. Admittedly, the competing
formation of bis(sugar)mercury compounds with B-cyclopropanes derived form
galactal and rhamnal derivatives prevents gencralization of this Strategy at present.

The intramolecular participation of the 6-OH group in the ring opening
reaction has been demonstrated and attempts have been made to understand the
differences in the reactivity and anomeric selectivity of cyclopropanes 106 and 109.
The inertness of cyclopropanes towards mineral acids has dlowed the oxidation of
the cyclopropane 185 under Jones conditions followed by edterification yidding the
corresponding uronate. Further manipulations of this product towards its
applicability as a starting point for the partia construction of various natural
products like Prelog-Djerass lactonic acid are in progress. A smple, one pot
converson of 1,2-cyclopropanated sugars to chird a-methylenc-3-valerolactones
has been developed. This easy method for their construction will definitely dlow for
the expansion of their synthetic potentid as valuable Michagl acceptors.



EXPERIMENTAL



All reagents were purified by appropriate methods just before use. All
cyclopropanes were prepared according to the procedures reported.'™ '*' Solvents
were dried using appropriate drying agents. Freshly recrystallized NBS (water) and
IDCP (CHCl3)  were used. Solvents used for chromatography were of commercial
grade and were fractiondly distilled before use. All organic extracts were dried over
MgSQ0.. Column chromatography was performed using ACME silica gd (100-200
mesh) and eluted with appropriate mixtures of hexane and ethyl acetate. Thin layer
chromatography (tlc) was performed on home made plates coated with ACME silica
ge GF 254 (with 13% calcium sulphate as binder) and were visualised by shining
UV light or exposing to iodine vapours. Mdting points were determined on a
SUPERFIT melting point apparatus and are uncorrected. Optica rotations were
measured on a SHIMADZU polarimeter a 25°. Infrared spectra were recorded on a
JASCO FT-IR 5300 instrument. 'H and "*C NMR spectra were recorded on a
BRUKER AF 200 NMR Spectrometer operating at 4.7 Tesla magnetic field
strength in chloroform-d, with tetramethylsilane (TMS) as internd standard. DEPT
and 2D NMR data were processed usng sandard software provided with the
instrument. The 'HNMR spectrd data are listed as follows: signds are reported in
parts per million (ppm) downfield of TMS; sgnd multiplicity is denoted as s =
singlet, d = doublet, dd = doublet of a doublet, t = triplet, q = quartet, br = broad
and m = multiplet; coupling constant (J) measured in Hertz; number of protons
integrated for and assignments, wherever possible. Elemental analyses were obtained
using PERKIN-ELMER modd 240C-CHN analyser. High Resolution Mass Spectra
were recorded on a JEOL SX 102/DA-6000 Spectrometer. Low Resolution Mass
Spectra were recorded on VG 70-70H Mass Spectrometer.



Ring opening of cyclopropane 106 with HCI/MeOH:

A solution of cyclopropane 106 (165 mg, 0.38 mmol) and acetyl chloride
(0.38 ml) in methanol (5 ml) was heated at 80° for 15 days. The reaction mixture
was diluted with dichloromethane, treated with solid sodium bicarbonate and
concentrated. On  purification by column chromatography, followed by
recrystallisation, the product 132 (49 mg, 70% with respect to the recovered
cyclopropane, 98 mg) was obtained as a colourless solid.

Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-methyl-p-

D-glucopyranoside (132)

Mp= 104 - 105° (ether/hexane).

[@)¥pb=  +4.5°(c 0.2, CHCI;).

IR (KBr): 3065, 3030, 2928, 1647, 1497, 1454, 1362, 1092, 1026, 736,
698 cm’™.

'HNMR: & 7.35-7.26 (m, 15H, ArH), 5.0-4.50 (m, 6H, -OCH,Ph), 4.03-3.99 (d,
J = 8.0 Hz, 1H, H-1), 3.80-3.40 (m, 7H), 3.27-3.24 (t, 1H, H-3),
1.85-1.75 (m, 1H, H-2), 1.06-1.03 (d, J = 6.4 Hz, 3H, H-7).

BCNMR: 13842, 12849, 12820, 127.96, 127.87, 127.71, 105.68, 85.37,
79.55, 75.32, 75.23, 74.83, 73.62, 70.75, 56.85, 42.79, 12.62 ppm.

Anal. Caled for C2oH340s: C, 75.29; H, 7.41.

Found: C, 75.31; H, 7.45.

General procedure for NBS activated ring opening reactions of cyclopropanes
106 and 109 with different solvents:

To a dtirred solution of the cyclopropane (215 mg, 0.5 mmol) in 5 ml of
solvent at 0°, under nitrogen, was added NBS (107 mg, 0.6 mmol) and the stirring
was continued until the reaction mixture showed the absence of starting material on
tlc. Except with benzyl alcohol, where the reaction mixture was concentrated by
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digtilling out the benzyl dcohol under reduced pressure, in generd, the reaction
mixture was evaporated with toluene in vacuo. An agueous workup was found to be
less efficient in al cases. Chromatographic purifications were carried out using 5%
ethyl acetate in hexane. Yields are based on the amount of pure maerid obtained.
The anomeric ratios were obtained fron H NMR data by integrating the H-2
multiplets in the crude mixture wherever possible. In al cases, the anomeric ratios
were also obtained by separating the mixture and weighing the individua
constituents.

Ring opening of cyclopropane 106 with NBS/MeOH:

As described above, stirring cyclopropane 106 (290 mg, 0.67 mmol) with
NBS (145 mg, 0.81 mmol) in MeOH (6 ml) for 8h and purification of the reaction
mixture gave the anomers 133 (53 mg) and 134 (210 mg) in 72% overdl yield.

Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-(bromomethyl)-
a-D-glucopyranoside (133) Colourless syrup

[@)®p=  +87.3°(c 1, CHCly).
IR (neat): 3030, 2922, 1496, 1454, 1361, 1209, 1049,
916, 736 cm’.

'HNMR: & 7.36-7.16 (m, 15H, ArH), 5.0-4.99 (d, J = 2.6 Hz, 1H, H-1), 4.92-
453 (m, 6H, -OCH,Ph), 3.85-3.57 (m, 6H), 3.40 (s, 3H, -OMe),
3.35-3.25 (t, 1H, H-7"), 2.34-2.17 (m, 1H, H-2).

3CNMR: 138.22, 138.09, 128.52, 128.40, 127.86, 127.72, 99.23, 80.35, 79.48,
75.27, 74.79, 73.61, 70.96, 68.79, 55.26, 48.51, 30.60 ppm.

Anal. Caled for CxH33BrOs:  C, 64.32; H, 6.14.
Found: C, 64.30; H, 6.35.
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Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-
(bromomethyl)-B-D-glucopyranoside (134).Colourless
syrup,
[@)®p=  +22°(c 1, CHCL).
IR (neat): 3000, 2850, 1460, 1360, 1200, 1100, 1040, 740 cm.
'HNMR: § 7.34-7.19 (m, 15H, ArH), 5.0-4.58 (m, 6H, -OCH,Ph), 4.45-4.41 (d,
J=8.5 Hz, 1H, H-1), 3.87-3.46 (m, 10H), 1.95-1.81 (m, 1H, H-2).
BCNMR: 138.44, 13830, 138.11, 128.52, 128.42, 127.86, 102.29, 80.01,
79.85, 75.58, 75.14, 74 84, 73.62, 69.04, 57.25, 47.70, 31.60 ppm.
Anal. Calcd for CxH3;BrOs: C,64.32; H, 6.14.
Found: C,64.25. H, 6.18.

Ring opening of cyclopropane 109 with NBS/MeOH:

Stirring cyclopropane 109 (215 mg, 0.5 mmol) with NBS (108 mg, 0.6
mmol) in MeOH (5 ml) for 24h and chromatographic purification yielded the ring
opened product 135 (170 mg, 62%) as a colourless syrup.

Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-(bromomethyl)-

a-D-mannopyranoside (135)

[@]®pb=  +36°(c 0.8, CHCL,).

IR (neat): 3030, 2914, 1496, 1454, 1365, 1273, 1099,
1053, 983, 736, 698 cm™.

'HNMR: § 7.39-7.22 (m, 15H, ArH), 5.03 (s, 1H, H-1), 4.83-4.40 (m, 6H,
-OCH,Ph), 4.07-4.0 (dd, J = 8.9, 5.2 Hz, 1H), 3.85-3.40 (m, 6H),
3.38 (s, 3H, -OMe), 2.69-2.58 (m, 1H, H-2).

“CNMR: 13834, 138.26, 138.15, 128.51, 128.39, 12791, 127.79, 99.71,
79.57, 74.88, 7433, 73.53, 71.92, 71.11, 68.99, 55.03, 46.24,
29.57 ppm.
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Anal. Calcd for C2oH33BrOs:  C, 64.32: H, 6.14.
Found: C,64.25; H, 6.0,

Ring opening of cyclopropane 106 with NIS/MeOH:

As mentioned above for NBS, after stirring cyclopropane 106 (200 mg,
0.46 mmol) with NIS (125 mg, 0.55 mmol) in MeOH for 12h and purification of the
reaction mixture, the anomers 136 (47 mg) and 137 (196 mg) were obtained in a
20 : 80 ratio (86%).

Ring opening of cyclopropane 106 with IDCP/MeOH:

To a stirred solution of cyclopropane 106 (207 mg, 0.48 mmol) in methanol
(5 ml), was added IDCP (325 mg, 0.69 mmol). After 6h, the reaction mixture was
concentrated in vacuo and the crude product was dissolved in dichloromethane,
washed with saturated sodium bisulfite, brine and purified by column
chromatography. The anomers 136 (37 mg) and 137 (208 mg) were obtained
(overall yield 86%).

Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-(iodomethyl)-a-

D-glucopyranoside (136) Colourless syrup,

[a)’p= +69.2° (c 0.4, CHCL,).

IR (neat); 3030, 2916, 1496, 1454, 1361, 1201, 1049,
910, 812, 698 cm™.

'HNMR: 8 7.36-7.15 (m, 15H, ArH), 4.96-4.95 (d, ] = 3.0 Hz, 1H, H-1), 4.93-
4.51 (m, 6H, -OCH;Ph), 3.82-2.97 (m, 10H), 2.24-2.08 (m, 1H, H-2).

BCNMR: 138.40, 128.57, 128.47, 127.89, 127.77, 101.07, 81.29, 79.16, 75.45,
74.84, 73.66, 71.09, 68.79, 55.38, 48.46, 3.05 ppm.

Anal. Calcd for CoH3;10s: C, 59.19; H, 5.65.
Found: C, 59.22; H, 5.68.
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Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-(iodomethyl)-

B-D-glucopyranoside (137) Waxy solid,

[0]¥p=  +53.2°(c 0.5, CHCL).

IR (neat): 3032, 2864, 1496, 1454, 1361, 1313,
1267, 1211, 1103, 1055, 910, 733, 698 cm™.

'HNMR: 8 7.36-7.19 (m, 15H, ArH), 4.97-4.58 (m, 6H, -OCH,Ph), 4.32-4.28
(d, J = 8.6 Hz, 1H, H-1), 3.78-3.49 (m, 10H), 1.35-1.21(m, 1H, H-2).

BCNMR: 13845, 138.24, 138.08, 129.79, 128.59, 128.54, 128.44, 127.89,
127.70, 10439, 81.65, 79.75, 75.63, 75.13, 74.80, 73.61, 68.96,

57.34, 46.32, 6.97 ppm.
Anal. Caled for CHylOs: €, 59.19; H, 5.65.
Found: C, 59.45. H, 5.72.

Ring opening of cyclopropane 109 with IDCP/MeOH:

As described above, after stirring cyclopropane 109 (310 mg, 0.72 mmol)
for 36h with IDCP (405 mg, 0.87 mmol) in McOH (6 ml), followed by the usual
workup and purification of the reaction mixture, the corresponding ring opened
product 138 was obtained as a colourless syrup (134 mg, 70% with respect to
recovered 109, 173 mg).

Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-(iodomethyl)-

a-D-mannopyranoside (138)

[0]®p=  +32.3°(c 0.3, CHCL,).

IR (neat): 3030, 2906, 1604, 1496, 1454, 1365,
1265, 1147, 908, 736, 698 cm’'.

'HNMR: § 7.35-7.14 (m, 15H, ArH), 4.96 (s, 1H, H-1), 4.85-4.43 (m, 6H,
-OCH;Ph), 3.98-3.91 (m, 1H), 3.81-3.65 (m, 5H), 3.42 (s, 3H,
-OMe), 3.22-3.11 (t, 1H, H-7"), 2.69-2.58 (m, 1H, H-2).
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"CNMR: 138.41, 13830, 13821, 128.51, 12838, 127.90, 127.76, 127.66,
100.92, 80.16, 74.81, 74.11, 73.53, 71.90, 71.38, 69.07, 55.0, 46.77,

2.0 ppm.
Anal. Calcd for C2H3;3105: C, 59.19; H, 5.65.
Found: C, 59.29; H, 5.70.

Ring opening of cyclopropane 106 with NBS/CICH,CH,OH:

After stirring cyclopropane 106 (110 mg, 0.25 mmol) with NBS (50 mg, 0.28
mmol) in 2—chloroethanol (3 ml) for 4h, the tlc showed clearly the disappearance of
starting compound and the formation of two new products. They were separated and
identified as 139 (48 mg) and 140 (89 mg) (91% overall yield).

(2'-Chloroethyl) 3,4,6-tri-O-benzyl-2-deoxy-2-C-
(bromomethyl)-a-D-glucopyranoside (139)

0)

Colourless syrup, Br” OCH,CH,CI

[@]®p=  +78.9°(c 0.9, CHCL).

IR (neat): 3032, 2920, 1496, 1454, 1361, 1207, 1089, 738, 698 cm".

'HNMR: 8 7.34-7.12 (m, 15H, ArH), 5.15-5.14 (d, J = 3.4 Hz, 1H, H-l),
4.94-4.49 (m, 6H, -OCH,Ph), 3.93-3.60 (m, 10H), 3.41-3.30 (t, 1H),
2.36-2.19 (m, 1H, H-2).

BCNMR: 138.0, 128.56, 128.45, 127.94, 127.82, 98.48, 80.22, 79.29, 75.40,
74.91, 73.59, 71.38, 68.57, 68.33, 48.44, 42.83, 30.53 ppm.

Anal. Caled for C3oHyBrClOs: C, 61.08; H, 5.83.
Found: C, 61.0; H, 5.85.
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(2'-Chloroethyl) 3,4,6-tri-O-benzyl-2-deoxy-2-

C-(bromomethyl)-B-D-glucopyranoside (140)

Waxy solid,

[a]®p=  +22.5°(c 0.8, CHCL).

IR (neat): 3032, 2868, 1496, 1454, 1363, 1209, 1055, 736, 698 cm™.

'HNMR: § 7.34-7.18 (m, 15H, ArH), 4.94-4.58 (m, 6H, -OCH,Ph), 4.56-4.53 (d,
J =179 Hz, 1H, H-1), 4.21-4.07 (m, 1H), 3.86-3.66 (m, 9H), 3.51-
3.41 (m, 1H), 1.97-1.84 (m, 1H, H-2).

CNMR: 138.34, 138.14, 138.04, 128.49, 12843, 127.84, 101.35, 79.86,
79.59, 7554, 75.10, 74.83, 73.56, 69.84, 68.89, 47.54, 42.62,

31.49 ppm.
Anal. Calcd for C3;H3BrClOs: C, 61.08; H, 5.83.
Found: C,661.22; H, 5.82.

Ring opening of cyclopropane 109 with NBS/CICH,CH,OH:

The reaction took 12h for completion and yielded the corresponding ring
opened product 141 (192 mg) in 71% yield (as a colourless syrup) starting with 109
(200 mg, 0.46 mmol) and NBS (100 mg, 0.56 mmol).

(2'-Chloroethyl) 3,4,6-tri-O-benzyl-2-deoxy-2-C- [~ g0 Br

(bromomethyl)-a-D-mannopyranoside (141) BnO -0

[a]Pp=  +38.4°(c 0.9, CHCL).

IR (neat): 3032, 2870, 1604, 1496, 1454, 1363,
1207, 1095, 983, 738, 698 cm™.

'HNMR: 8§ 7.36-7.17 (m, 15H, ArH), 5.13 (s, 1H, H-1), 4.82-4.41 (m, 6H,
-OCH;Ph), 4.11-4.04 (dd, J = 5.2, 9.3 Hz, 1H), 3.95-3.50 (m, 9H),
3.48-3.38 (t, 1H), 2.71-2.65 (m, 1H, H-2).

OCH,CH,CI
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PCNMR: 138.09, 128.25, 127.80, 127.59, 98.89, 79.09, 74.61, 74.09, 73.33,
71.83, 71.45, 68.80, 67.92, 46.06, 42.62, 29.40 ppm.

Anal. Caled for C3HyBrCIOs  C, 61.08; H, 5.83.
Found: C,61.25;H, 591.

Ring opening of cyclopropane 106 with NBS/Cl;CCH,OH:
The ring opening of 106 (85 mg, 0.197 mmol) with NBS (44 mg, 0.25
mmol) in 2,2,2-trichlorocthanol was complete within 1h and yielded both a- and B-

anomers in equal amounts (116 mg, 89% ).

(2',2',2'-Trichloroethyl) 3,4,6-tri-O-benzyl-2-deoxy-
2-C-(bromomethyl)-a-D-glucopyranoside (142)
Colourless syrup,
[a)¥p= +70° (¢ 0.5, CHCL;).
IR (neat): 3032, 2866, 1496, 1454, 1359, 1209, 1103, 812, 735, 698 cm™.
'HNMR: 6 7.38-7.21 (m, 15H, ArH), 5.35-5.34 (d, J = 2.9 Hz, 1H, H-]),
4.96-4.51 (m, 6H, -OCH,Ph), 4.29-4.07 (m, 2H), 3.86-3.66 (m, 6H),
3.47-3.35 (t, 1H), 2.42-2.24 (m, 1H, H-2).
“CNMR: 137.92, 128.49, 127.91, 98.83, 96.01, 79.91, 79.57, 79.16, 75.49,
75.07, 73.65, 72.42, 68.02, 48.72, 29.94 ppm.
Anal. Calcd for CsoH3.BrCl;0s: C, 54.69; H, 490,
Found: C, 54.75: H, 4.91,

(2',2',2'-Trichloroethyl)  3,4,6-tri-O-benzyl-2-
deoxy-2-C-(bromomethyl)-B-D-glucopyranoside
(143) Colourless syrup,

[@)®p= +24°(c 0.2, CHCL).

IR (neat): 3030, 2870, 1496, 1454, 1361, 1267, 1207, 1099, 814, 734, 698 cm™.
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'HNMR: & 7.38-7.21 (m, 15H, ArH), 5.01-4.54 (m, 6H, -OCH,Ph, H-1), 4.52-
4.46 (d, J = 12.6 Hz, 1H, -OCH,Ph), 4.20-4.15 (d, J = 11.7 Hz, 1H),
3.97-3.45 (m, 8H), 2.10-1.97 (m, 1H, H-2).
BCNMR: 138.35, 137.99, 128.50, 127.85, 101.40, 96.03, 80.73, 79.78, 79.41,
75.54, 75.26, 74.86, 73.61, 68.74, 48.57, 31.15 ppm.
Anal. Calcd for C3oH3,BrCLOs: C, 54.69; H, 4.90.
Found: C, 54.65; H, 4.91.

Ring opening of cyclopropane 109 with NBS/Cl;CCH,0H:

The ring opening of 109 (375 mg, 0.87 mmol) with NBS (186 mg, 1.05
mmol) in 2,2,2-trichloroethanol took 8h for completion and yielded the
corresponding ring opened product 144 (350 mg, 72%) as a pale yellow syrup.

(2’,2',2'-Trichloroethyl) 3,4,6-tri-O-benzyl-2-deoxy-
2-C-(bromomethyl)-a-D-mannopyranoside (144):
[0]p=  +51.3°(c 1, CHCL).
IR (neat): 3030, 2928, 1496, 1454, 1363, 1273,
1209, 1099, 979, 815, 736,698 cm™.
'HNMR: 8 7.35-7.13 (m, 15H, ArH), 5.33 (s, 1H, H-1), 4.81-4.41 (m, 6H,
-OCH-Ph), 4.26-4.08 (m, 3H), 3.86-3.61 (m, 5H), 3.48-3.37 (t, 1H),
2.79-2.68 (m, 1H, H-7).
“CNMR: 13827, 138.0, 128.57, 128.47, 127.97, 127.79, 100.03, 96.64, 79.44,
78.79, 74.75, 74.14, 73.60, 72.50, 72.27, 68.97,46.09, 29.21 ppm.
Anal. Calcd for C3,H3,BrCl;0s: C, 54.69; H, 4.90.
Found: C, 5432, H, 4.88.
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Ring opening of cyclopropane 106 with NBS/PhCH,OH:

Cyclopropane 106 (295 mg, 0.69 mmol) was treated with benzyl alcohol
and NBS (193 mg, 1.08 mmol). After 36h, benzyl alcohol was distilled from the
reaction mixture and the crude product was purified. Products 145 (134 mg) and
146 (249 mg) were obtained in a 35 : 65 ratio (383 mg, 91%).

Benzyl  3,4,6-tri-O-benzyl-2-deoxy-2-C-(bromomethyl)-

a-D-glucopyranoside (145) Colourless syrup,

[@]®s=  +85.5°(c 1, CHCL,).

IR (ncat): 3030, 2920, 1496, 1454, 1359, 1207, 1045,
736, 698 cm™.

'HNMR: & 7.38-7.14 (m, 20H, ArH), 5.25-5.24 (d, J = 3.2 Hz, 1H, H-1), 4.92-
4.49 (m, 8H, -OCH,Ph), 3.83-3.64 (m, 6H), 3.42-3.32 (dd, J = 10.0,
11.4 Hz, 1H, H-7), 2.38-2.22 (m, 1H, H-2).

B“CNMR: 13823, 137.66, 128.61, 128.52, 127.90, 98.03, 80.57, 79.63, 77.45,
75.41, 74.99, 73.71, 71.48, 70.06, 68.85, 48.73, 30.66 ppm.

Anal. Calcd for C3sH;y/BrOs:  C, 68.07; H, 6.04.
Found: C, 68.10; H, 6.10.

Benzyl 3,4,6-tri-0-benzyl-2-deoxy-2-C-
(bromomethyl)-B-D-glucopyranoside (146) Colourless
solid,

Mp= 91-93° (ether/hexanc).

[0)¥p=  -7.5°(c 1, CHCI,).

IR (KBr): 3032, 2870, 1604, 1496, 1452, 1358, 1309, 1277, 1209, 1059, 844,
734, 694 cm™.

'HNMR: § 7.38-7.12 (m, 20H, ArH), 4.99-4.59 (m, 9H, -OCH,Ph, H-1), 3.92-
3.69 (m, 6H), 3.54-3.45 (m, 1H), 2.02-1.89 (m, 1H, H-2).



90

'*C NMR: 138.48, 138.38, 138.24, 128.49, 128.35, 127.88, 100.47, 80.09,
79.87, 75.57, 75.23, 74.85, 73.64, 71.44, 69.07, 47.73, 31.61 ppm.
Anal. Calcd for C3sH37BrOs:  C, 68.07; H, 6.04.
Found: C,6798;H,6.11.

Ring opening of cyclopropane 109 with NBS/PhCH,OH:

The reaction of cyclopropane 109 (392 mg, 0.91 mmol) with NBS (195 mg,
1.1 mmol) and benzyl alcohol was incomplete even after 4 days. Distillation of
excess benzyl alcohol, followed by purification afforded 45 mg of 147 (40% yield,
with respect to 314 mg of cyclopropane recovered) as a colourless syrup .

Benzyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-(bromomethyl)-

a-D-mannopyranoside (147)

[@)®o=  +59.8°(c 0.5, CHCI,).

IR (neat): 3032, 2918, 1604, 1496, 1454, 1361, 1273,
1209, 1209, 1095, 736, 698 cm™.

'HNMR: § 7.35-7.18 (m, 20H, ArH), 5.21 (s, 1H, H-1), 4.82-4.41 (m, 8H,
-OCH;Ph), 4.14-4.07 (dd, J = 54, 9.2 Hz, 1H, H-3), 3.86-3.58
(m, SH), 3.49-3.33 (t, ] = 10.4 Hz, 1H, H-7), 2.77-2.64 (m, 1H, H-2).

BC NMR: 138.27, 137.52, 128.38, 127.94, 127.75, 126.98, 98.33, 79.50, 74.86,
74.43,73.52,71.99, 71.51, 69.55, 68.97, 46.39, 29.55 ppm.

Anal. Calcd for C3sH3:BrOs: C, 68.07; H, 6.04.

Found: C, 67.96; H, 6.08.

Ring opening of cyclopropane 106 with NBS/H,0:

To a solution of cyclopropane 106 (250 mg, 0.58 mmol) in 2 : 1
dioxane/water (6 ml) was added NBS (125 mg, 0.70 mmol) and the stirring was
continued for 8h. The reaction mixture was then concentrated to half its volume in
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vacuo and extracted with dichloromethane. The combined extracts were dried and
concentrated. Purnification by chromatography and recrystallisation yielded 148 (198
mg, 66% yield) as a colourless solid.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-(bromomethyl)-D-

glucopyranose (148)

Mp= 110-112° (ether/hexane).

[a]®p=  +61.2°(c 1, CHCI,).

IR (KBr): 3364, 3030, 2914, 1730, 1494, 1452, 1361, 1209, 1039, 868, 740,
696 cm’.

'HNMR: § 7.34-7.18 (m, 15H, ArH), 5.54-5.51 (br s) and 4.92-4.56 (m, TH,
-OCH,Ph, H-1), 4.14-326 (m, 8H), 2.33-2.17 and 1.89-1.72
(ms, 1H).

BCNMR: 138.07.137.92, 128.21, 128.08, 127.93, 95.46, 92.43, 79.83, 79.67,
75.54, 75.39, 74.91, 74.73, 73.59, 7091, 6898, 48.71, 4862,

30.92 ppm.
Anal. Calcd for CstuBl’OsZ C, 63.76; H, 592
Found: C, 64.09; H, 6.07.

Ring opening of cyclopropane 109 with NBS/H,0:
On carrying out the reaction under similar conditions as described above,
cyclopropane 109 (294 mg, 0.68 mmol) provided the corresponding ring opened

product 149 (210 mg, 61%) as a colourless solid.

3,4,6—Tri-0-benzyl-2-deoxy-Z-C—(bromomethyl)~D—
mannopyranose (149)

Mp=  90-91° (ether/hexanc).

[0]*p=  +23.9°(c 1, CHCL).




92

IR (KBr): 3408, 3063, 2866, 1732, 1496, 1454, 1365, 1257, 1099, 738,
698 cm™.

'HNMR: & 7.34-7.14 (m, 15H, ArH), 550 (s, 1H, H-1), 4.82-44] (m, 6H,
-OCH,Ph), 4.16-4.02 (m, 2H), 3.84-3.35 (m, 5H), 3.12 (s br, 1H)
2.69-2.57 (m, 1H, H-2).

BCNMR: 13827, 138.16, 137.95, 128.53, 128.49, 128.01, 127.80, 93.16,
78.98, 74.72, 74.63, 73.45, 71.98, 71.03, 69.35, 46.39, 29.74 ppm.

Anal. Caled for CsHyBrOs:  C, 63.76; H, 5.92.

Found: C, 63.84; H, 6.09.

Ring opening of cyclopropane 106 with NBS/1,2:3,4-di-O-isopropylidine-a-p-
galactopyranose (72):

To a solution of a-cyclopropane 106 (350 mg, 0.81 mmol) and 1,2:3,4-di-
O-isopropylidine-a-D-galactopyranose (72) (635 mg, 2.44 mmol) in dry acetonitrile
(8 ml), was added powdered 4A molecular sieves (equal to the amount of alcohol
used) under nitrogen atmosphere and the contents were stirred for 1h. To the above
reaction mixture, NBS (174 mg, 0.98 mmol) was added all at once as a solid and it
was then stirred for 4 days. The contents were diluted with toluene (25 ml), filtered
and evaporated at reduced pressure. The crude product after column
chromatographic purification afforded the disaccharides 152 (150 mg) and 153 (225

mg) as colourless gums (overall yield 60%).
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3,4,6—Tri-0-benzyl-2-de01y-2-C-(bromomethyl)a—b—

glucopyranosyl{(1-—6)-1 12:3,4-di-O-isopropylidine-a-

D-galactopyranose (152)

[@]®p= +40° (c 0.5, CHCI,).

IR (ncat): 3032, 2986, 2905, 1604, 1496, 1454,
1381, 1255, 1211, 1070, 898, 698 cm.

'HNMR: § 7.33-7.18 (m. 15H, ArH), 5.54-5.52 (d, J
= 4.9 Hz, IH, H-1g), 5.14-5.13 (d, J =
2.9 Hz, H, H-1y,), 4.92-4.87 (d, ] = 11.2 Hz, 1H, -OCH,Ph), 4.81-
471 (t, 1H, -OCH,Ph), 4.65-4.48 (m, SH, -OCH,Ph and H-3,),
4.34-4.25 (m, ] = 2.6, 4.9 Hz, 2H, H-2,,;, H-4,,), 4.07-3.93 (m, 1H),
3.86-3.61 (m, 8H), 3.38-3.27 (t, J = 10.7 Hz, 1H, H-7), 2.48-2.19
(m, 1H, H-2y,), 1.58 (s, 3H, -CMe,), 145 (s, 3H, -CMe,), 1.34
(s, 6H, -CMe,).

"CNMR: 138.26, 13820, 12851, 12842, 127.97, 127.84, 109.28, 108.53,
98.76 , 96.32, 80.20, 79.45, 75.25, 74.79, 73.60, 71.21, 71.02, 70.76,
70.68, 68.63, 6691, 66.52, 48.72, 30.38, 26.27, 26.03, 25.01,

24.46 ppm.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-

(bromomethyl)-B-D-glucopyranosyl-(1-6)-

1,2:3,4-di-O-isopropylidine-a-D-

galactopyranose (153)

[@]®p=  -20.3°(c 0.5, CHCL).

IR (neat): 3063, 2986, 1604, 1496, 1454,
1381, 1255, 1167, 1118, 1005,
898, 698 cm”.
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'"HNMR: § 7.33-7.18 (m, 15H, ArH), 5.54-5.52 (d, J = 4.9 Hz, IH, H-1g) 4.98
4.93 (d, J = 10.8 Hz, 1H, -OCH,Ph), 4.83-4.78 (d, J = 10.6 Hz, 2H,
-OCH;Ph), 4.70-4.52 (m, 5H, -OCH,Ph, H-1, and H-3.), 4.34-4.30
(dd, J = 2.2, 4.8 Hz, 1H, H-2,,)), 4.29-4.25 (d, ] = 8.2 Hz, 1H, H4,),
4.14-4.01 (m, 2H), 3.89-3.68 (m, 7H), 3.53-3.42 (m, 1H, H-7), 1.97-
1.80 (m, 1H, H-2g,), 1.54 (s, 3H, -CMe,), 1.46 (s, 3H, -CMe,), 1.34

(s, 6H, -CMe,).

BCNMR: 13856, 138.34, 13827, 128.45, 128.38, 127.80, 127.61, 109.38,
108.58, 101.78, 96.46, 80.15, 79.81, 75.41, 75.15, 74.74, 73.59,
7131, 70.90, 70.74, 69.06, 68.79, 67.08, 47.70, 31.71, 26.18, 26.11,

25.09, 24.62 ppm.

Ring opening of cyclopropane 109 with NBS/1,2:3,4-di-O-isopropylidine-a-D-

galactopyranose (72):

Carrying out the reaction of B-cyclopropane 109 (270 mg, 0.63 mmol) and

alcohol 72 (500 mg, 1.90 mmol) in acetonitrile containing 4A molecular sieves (500
mg) and NBS (135 mg, 0.75 mmol), followed by the usual workup after 4 days,
afforded the disaccharide 154 (250 mg, 51%) as a colourless gum.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-(bromomethyl)-a-D-

mannopyranosyl-(1->6)-1,2:3,4-di-O-isopropylidine-

a-D-galactopyranose (154)

[@)®p=  -6.5°(c 0.5, CHCl,).

IR (neat): 3032, 2988, 1496, 1454, 1373, 1255,
1211, 1070, 1005, 910, 734, 698 cm™.

'HNMR: § 7.36-7.15 (m, 15H, ArH), 5.56-5.54 (d, J
=49 Hz, 1H, H-1g), 5.16 (s, 1H, H-

Bn

O Br
BnO 0
Bn&‘/ﬁ
0
X
(0]

\]LO

0}

lyan), 4.81-4.76 (d, J = 10.9 Hz, 1H, -OCH,Ph), 4.69-4.60 (m, 4H,
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-OCH,Ph), 4.52-4.47 (d, J = 11.3 Hz, 1H, -OCH,Ph), 4.45-4.41
(d, J = 8.2 Hz, 1H, H-3,.), 4.36-4.31 (dd, J = 4.9 Hz, 1H, H-24),
4.24-4.20 (d, J= 8.0 Hz, 1H, H-4g)), 4.12-4.02 (dd, J = 8.9, 5.2 Hz,
1H, H-3an), 3.95-3.92 (d, J = 5.1 Hz, 1H) 3.88-3.61 (m, 7H), 3.40-
3.38 (t, 1H, H-7), 2.75-2.63 (m, 1H, H-2p.), 1.55 (s, 3H, -CMe,),
1.46 (s, 3H, -CMe,), 1.36 (s, 6H, -CMe).

C NMR: 138.39, 128.46, 128.37, 127.89, 127.78, 127.73, 109.38, 108.60,
98.42, 96.36, 79.32, 74.69, 74.35, 73.49, 71.98, 71.44, 71.07, 70.70,
68.89, 65.98, 65.83, 46.26, 29.68, 26.29, 26.03, 24.99, 24.56 ppm.

Ring opening of cyclopropane 106 with NBS/1,2-O-isopropylidine-3-O-benzyl-
a-D-xylofuranose (150):

To a solution of a-cyclopropane 106 (350 mg, 0.81 mmol) and 1,2-0-
isopropylidine-3-O-benzyl-a.-D-xylofuranose (150) (683 mg, 2.43 mmol) in dry
acetonitrile (8 ml), was added powdered 4A molecular sieves (683 mg) under
nitrogen atmosphere and the contents were stirred for 1h. To the above reaction
mixture NBS (175 mg, 0.98 mmol) was added as a solid and then it was allowed to
stir for 4 days. The contents were diluted with toluene (25 ml), filtered and
evaporated under reduced pressure. The crude product after chromatographic
purification afforded the disaccharides 155 (128 mg) and 156 (269 mg) as
colourless gums (in an overall yield of 62%).
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3,4,6-Tri-O-benzyl-2-deoxy-2-C- BnO
(bromomethyl)-a-D-glucopyranosyl-(1-5)-1,2- |gn0 o)

O-isopropylidine-3-O-benzyl-a-D-xylofuranose

(155)
[a)¥p=

IR (neat):

'HNMR: &

“C NMR:

Bn

Br O
0
+31° (¢ 0.1, CHCL). sn‘z)

3030, 2928, 1496, 1454, 1373, o;l/
1213, 1078, 736, 698 cm”".
7.34-7.16 (m, 20H, ArH), 5.94-5.92 (d, J = 3.8 Hz, 1H, H-1,y), 5.12-
511 (d, J = 3.0 Hz, 1H, H-1y,), 4.93-4.87 (d, J = 10.9 Hz, 1H,
-OCH;Ph), 4.81-4.75 (d, J = 10.8 Hz, 1H, -OCH,Ph), 4.72-4.40 (m,
7H, -OCH.Ph, H-2,), 4.43-4.34 (m, 1H, H-4,y), 3.99-398 (d, J =
3.0 Hz, 1H, H-34), 3.94-3.91 (d, ] = 5.9 Hz, 1H), 3.84-3.63 (m, TH),
3.39-3.28 (dd, J = 9.7, 10.9 Hz, 1H, H-7), 2.36-2.18 (m, 1H, H-2.),
1.53 (s, 3H, -CMey), 1.34 (s, 3H, -CMe).

138.19, 128.55, 128.45, 128.01, 127.83, 127.78, 111.77, 105.08,
98.30, 82.29, 81.96, 80.19, 79.37, 79.01, 75.37, 74.86, 73.59, 72.15,
71.05, 68.50, 65.12, 48.47, 30.63, 26.91, 26.34 ppm.

Anal. Caled for C43HoBrQOg: C, 65.40; H, 6.25.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-

(bromomethyl)-B-D-glucopyranosyl-(1-55)- BnO 0 o
1,2-O-isopropylidine-3-O-benzyl-a-D- BnO 0
Br OB%
o)r

xylofuranose (156)

[“-]25[) =

IR (neat):

Found: C,65.98; H, 6.45.

BnO

-17.8° (c 1, CHCl,).
3030, 2932, 1454, 1373, 1213,
1076, 736, 698 cm™.
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'HNMR: 8 7.35-7.20 (m, 20H, ArH), 5.93-5.91 (d, J = 3.8 Hz, 1H, H-11), 5.0-
4.95 (d, J = 10.8 Hz, 1H, -OCH,Ph), 4.85-4.77 (dd, ] = 4.2, 10.8 Hz,
2H, -OCH,Ph), 4.71-4.53 (m, 7H, -OCH.Ph, H-2,y, H-1,), 4.50-
4.48 (m, 1H, H-4yy), 4.24-4.14 (dd, J = 4.4, 8.7 Hz, 1H), 4.02-3.99
(d, J = 3.3 Hz, 1H), 3.98-3.86 (m, 1H), 3.83-3.63 (m, 6H), 3.53-3 43
(m, 1H), 1.94-182 (m, 1H, H-2,,), 1.50 (s, 3H, -CMes), 1.33
(s, 3H, -CMe,).

PCNMR: 138.56, 138.35, 137.74, 127.87, 12755, 111.76, 105.24, 10121,
82.66, 81.78, 80.06, 79.83, 79.25, 75.50, 75.16, 74.79, 73.63, 72.11,
69.15, 66.58, 47.78, 31.57, 27.0, 26.49 ppm.

Anal. Caled for C43HioBrQOg: C, 6540; H, 6.25.

Found: C, 64.84; H, 6.35.

Ring opening of cyclopropane 109 with NBS/1,2-O-isopropylidine-3-O-benzyl-
a-D-xylofuranose (150):

The disaccharide 157 (430 mg, 57%) was obtained as a colourless gum by
the opening of B-cyclopropane 109 (410 mg, 0.95 mmol) with NBS (205 mg, 1.15
mmol) in the presence of 1,2-O-isopropylidine-3-O-benzyl-a-D-xylofuranose (150)
(800 mg, 2.85 mmol) and 4A molecular sicves (800 mg) in acetonitrile (10 ml) after
4 days.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-

(bromomethyl)-a-D-mannopyranosyl-(1->5)-

1,2-O-isopropylidine-3-0-benzyl-a-D-

xylofuranose (157)

[a]®p=  +6.5°(c 0.5, CHCL).

IR (neat): 3032, 2926, 1496. 1454, 1373,
1213,1078, 910, 862,734, 698 cm”.
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'HNMR: § 7.38-7.15 (m, 20H, ArH), 5.95-5.93 (d, J = 3.8 Hz, 1H, H-l4y), 5.08
(s, 1H, H-lma), 4.82-4.42 (m, 9H, -OCH,Ph, H-2,y), 4.40-4.34
(m, 1H, H-4y,), 4.09-4.01 (m, 1H), 3.96-3.94 (d, J = 3.6 Hz, 1H,
H-3,y), 3.90-3.60 (m, 7H), 3.48-3.37 (t, 1H, H-7), 2.65-2.55 (m, 1H,
H-2man), 1.52 (s, 3H, -CMe,), 1.34 (s, 3H, -CMe,).

“CNMR: 13834, 13821, 137.41, 128.59, 128.49, 128.38, 127.93, 127.81,
127.72, 111.78, 105.14, 98.90, 82.37, 81.60, 79.38, 78.67, 74.91,
74.29, 73.51, 72.09 (2C), 71.28, 68.73, 64.92, 46.54, 29.66, 26.92,

26.36 ppm.

Ring opening of cyclopropane 106 with NBS/2,3:4,5-di-O-isopropylidine-D-

arabinitol (151):

The reaction of a-cyclopropane 106 (250 mg, 0.58 mmol) with NBS (125
mg, 0.70 mmol) and alcohol 151 (385 mg, 1.66 mmol) afforded the disaccharides
158 (86 mg) and 159 (199 mg) as colourless syrups (total yield 66%).

2,3:4,5-Di-O-isopropylidine-D-arabinityl-

(1-1)-3,4,6-tri-O-benzyl-2-deoxy-2-C-

(bromomethyl)-a-D-glucopyranoside (158)

[0]®p=  +69.3°(c 0.3, CHCL).

IR (neat): 3032, 2986, 1496, 1454, 1371,
1213, 1066, 738, 698 cm™.

BnO

'HNMR: 8 7.39-7.18 (m, 15H, ArH), 5.15-5.13 (d, J = 3.1 Hz, 1H, H-1), 4.93-
4.88 (d, J = 10.7 Hz, 1H, -OCH,Ph), 4.82-4.77 (d, J = 11.7 Hz, 1H,
-OCH.Ph), 4.71-4.65 (d, ] = 12.3 Hz, 1H, -OCH,Ph), 4.60-4.52
(m, 3H, -OCH,Ph), 4.19-4.01 (m, 4H), 3.98-3.57 (m, 9H), 3.42-3.31
(dd, J = 9.8, 10.9 Hz, 1H, H-7), 2.28-2.24 (m, 1H, H-2), 1.39 (s, 9H,

-CMe,), 1.35 (s, 3H, -CMe,).



€ NMR:

MS m/z;

2,3:4,5-Di-O-isopropylidine-D-
arabinityl-(1->1)-3,4,6-tri-O-benzyl-2-

99

138.06, 128.45, 127.83, 109.75 (2C), 98.55, 80.17, 79.41, 78.03,

75.32, 74.89, 73.60, 71.13, 68.54 (2C), 67.72, 48.65, 30.45, 27.23
(2C), 26.77, 25.29 ppm.

649 (M-Bn)’, 545,419, 417, 311, 231,

BnO 0
deoxy-2-C-(bromomethyl)-p-D- BnO h 9
O

glucopyranoside (159) Br

[‘1] 25r:> =
IR (neat):
'"HNMR: §

13
C NMR:

+24.8° (c 1.8, CHCL).
3032, 2986, 1454, 1371, 1213, 1070, 844, 736, 698 cm”.

7.36-7.17 (m, 15H, ArH), 5.0-4.95 (d, J = 10.8 Hz, IH, -OCH,Ph),
484-4.79 (d, J = 10.6 Hz, 2H, -OCH,Ph), 4.70-4.53 (m, 4H,
-OCH,Ph, H-1), 4.17-3.60 (m, 13H), 3.54-3.45 (m, 1H), 1.97-1.86
(m, 1H, H-2), 1.43 (s, 3H, -CMe;), 1.41 (s, 3H, -CMe), 139 (s, 3H,
-CMe,), 1.33 (s, 3H, -CMe,).

138.38, 138.24, 138.09, 128.47, 128.37, 128.09, 127.81, 127.61,
109.91, 109.65, 101.50, 80.87, 79.96, 79.68, 78.13, 75.49, 75.14,
74.79, 73.55, 7031, 68.94, 67.64, 62.78, 47.61, 31.59, 27.22, 26.97,

26.75, 25.29 ppm.

Anal. Calcd for C3HaBrOs:  C, 63.16; H, 6.66.

Ring opening of cyclopropane 109 wi

Found: C, 63.09; H, 6.69.

th NBS/2,3:4,5-di-O-isopropylidine-D-

arabinitol (151):
160 was procured in 41% yield (243 mg) by treating cyclopropanc 109 (345

mg, 0.80 mmol) with NBS (175 mg, 0.98 mmol) and alcohol 151 (560 mg,

mmol).

241
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2,3:4,5-Di-O-isopropylidine-D-

arabinityl-(1-—1)-3,4,6-tri-O-benzyl-2-

deoxy-2-C-(bromomethyl)-a-D-

mannopyranoside (160)

[a]®p=  +25.9°(c 0.8, CHCL,).

IR (neat): 3065, 2984, 1602, 1454,
1371, 1271, 1093, 844, 700 cm™.

lH NMR: & 7.40-7.21 (m, 15H, ArH), 5.12 (s, 1H, H-1), 4.80-4.42 (m, 6H,
-OCH.Ph), 4.18-3.92 (m, 5H), 3.84-3.58 (m, 8H), 3.48-3.34 (t, 1H),
2.70-2.58 (m, 1H, H-7), 1.38 (s, 9H, -CMe,), 1.30 (s, 3H, -CMe,).

CNMR: 13832, 129.80, 128.48, 12836, 127.93, 127.75, 109.72, 99.14,
79.56, 79.33, 77.05, 74 86, 74.39, 73.51, 71.99, 71.37, 68.93, 67.71,
67.50, 46.25, 29.46, 27.15, 26.77, 25.31 ppm.

Anal. Caled for CigHisBrOy: C, 63.16; H, 6.66.

Found: C, 63.25;: H, 6.67.

Ring opening of cyclopropane 106 with Hg(CF;CO0O), in methanol:

A solution of cyclopropane 106 (210 mg, 0.49 mmol) and mercuric
tnfluoroacetate ( 415 mg, 0.97 mmol) in dry methanol (5 ml) was stirred at room
temperature for 18h. Brine solution (10 ml) was added and the contents were stirred
vigorously for 30 min. The aqueous phase was then extracted with dichloromethane.
The combined extracts were dried and concentrated. The residue obtained was
dissolved in THF (5 ml) and added to a suspension of LAH (190 mg, 5 mmol) in 4
ml THF at 0° under nitrogen. After 3h at rt, the reaction mixture was quenched with
water and diluted with ethyl acetate, filtered and the precipitate was washed with hot
ethyl acetate. The filtrate was dried and concentrated. Purification of the crude

product by column chromatography (10% ethyl acetate/hexane) afforded 132 as a
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colourless oil, which was crystallized from ether/hexane (166 mg, 72%). Its

propertics were identical to that prepared by the acid catalysed ring opening of 106.

Ring opening of cyclopropane 109 with Hg(CF;COO); in methanol:

Carrying out the reaction with p-cyclopropane 109 (210 mg, 0.49 mmol)
under similar conditions as described above, yielded 163 mg (71%) of methyl 3,4,6-
tri-O-benzyl-2-deoxy-2-C-methyl-a-D-mannopyranoside (172) as a colourless oil.

Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-methyl-a-D-

manopyranoside (172)

[@)?p= +60.6 ° (¢ 0.3, CHCl;).

IR (neat): 3063, 3030, 2912, 1604, 1496, 1454, 1363,
1292, 1084, 1028, 966, 736, 698 cm”’.

'HNMR: & 7.36-7.27 (m, 15H, ArH), 4.89-4.84 (d, J = 11.8 Hz, 1H, -OCH.Ph),
4.65-4.43 (m, 6H, -OCH,Ph, H-1), 4.09-3.96 (m, 1H, H-3), 3.78-
3.75 (m, 4H), 3.35 (s, 3H, -OMe) 2.50-2.33 (m, 1H, H-2), 1.13-1.09
(d, J = 7.4 Hz, 3H, H-7).

BCNMR: 13892, 13859, 12844, 127.99, 127.78, 127.61, 103.36, 79.92,
74.95, 74 .44, 73.53,71.47,71.22, 69.51, 54.75, 36.93, 11.41 ppm.

Anal. Calcd for C2H340s: C, 75.30; H, 7.41.

Found: C, 75.18;H, 7.42.

Ring opening of cyclopropane 106 with Hg(CF;CQOO), in n-butanol:

A solution of cyclopropane 106 (615 mg. 1.43 mmol) and mercuric
trifluoroacetate (1.23 gm, 2.86 mmol) in dry n-butanol (15 ml) was stirred at room
temperature for 18h. The reaction mixture was concentrated in vacuo and the
residue was dissolved in dichloromethane (10 ml). Saturated sodium chloride (30
ml) was added and the contents were stirred vigorously for 30 min. The aqueous
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phase was extracted with dichloromethane, dried and concentrated. This residue was
dissolved in THF (15 ml) and added to a suspension of LAH (570 mg, 15 mmol) in
10 ml of THF at 0° under nitrogen. The reaction was worked up as described above
after 3h. Purification of the crude product by column chromatography (10 % ethyl
acetate/hexane) afforded 173 (388 mg, 53%) as a colourless waxy solid.

n-Butyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-methyl-B-D-

glucopyranoside (173)

[@)Pp= +3°(c 1, CHCL).

IR (neat): 3063, 3030, 2930, 2870, 1498, 1454,
1311, 1161, 1095, 1028, 736, 698 cm’.

'HNMR: § 7.34-7.19 (m, 15H, ArH), 4.92-4.55 (m, 6H, -OCH,Ph), 4.10-4.06
(d, J = 8.4 Hz, 1H, H-1), 4.06-3.90 (m, 1H), 3.76-3.73 (m, 2H),
3.56-3.52 (d, ] = 8.4 Hz, 1H, H-3), 3.50-3.47 (m, 2H), 3.43-3.24
(t, 1H) 1.85-165 (m, 1H, H-2), 1.63-1.56 (m, 2H), 1.54-138
(m, 2H), 1.07-1.04 (d, ] = 6.0 Hz, 3H, H-7), 0.97-0.90 (t, 3H).

BC NMR: 138.56, 138.47, 138.37, 128.46, 127.93, 127.80, 127.60, 104.69,
85.44, 79.57, 75.34, 75.15, 74.78, 73.56, 69.48, 69.29, 42.85, 31.80,
19.32, 13.94, 12.67 ppm.

Ring opening of cyclopropane 109 with Hg(CF;COQ), in n-butanol:

As described above, the n-butyl mannopyranoside derivative 174 was
obtained in 78% yield by opening of B-cyclopropane 109 (900 mg, 2.10 mmol) with
Hg(CF;COO), (1.80 g, 4.20 mmol) in n-butanol (15 ml) followed by reductive

demercuration, as a colourless oil.



n-Butyl

mannopyranoside (174)

[)p=

IR (neat):

'HNMR: &

3C NMR:

MS m/z
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3,4,6-tri-O-benzyl-2-deoxy-2-C-methyl-a-D-

+54° (¢ 1, CHCLy).

3088, 3063, 2912, 1606, 1496, 1454, 1358,
1205, 1141, 1078, 954, 736, 698 cm™".
7.36-7.19 (m, 15H, ArH), 4.88-4.82 (d, J = 10.8 Hz, 1H, -OCH,Ph),
4.71 (s, 1H, H-1), 4.64-4.48 (m, 5H, -OCH,Ph), 4.09-3.98 (m, 1H),
3.77-3.63 (m, 5H), 3.44-334 (m, 1H) 2.55-2.45 (m, 1H, H-2),
1.64-1.46 (m, 2H), 1.44-1.27 (m, 2H), 1.13-1.10 (d, J = 7.1 Hz, 3H,
H-7), 0.98-0.87 (t, 3H).

138.92, 138.74, 138.52, 12833, 128.03, 127.68, 127.51, 102.12,
79.97, 74.96, 74.47, 73.42, 71.40, 71.15, 69.43, 67.22, 37.02, 31.71,
19.51, 13.95, 11.35 ppm.

503 (M-H)", 413, 339, 233, 193, 181, 163.

Ring opening of a-cyclopropane 107 with Hg(CF;C0OQ), in methanol:

As described for cyclopropane 106, carrying out the reaction with 3,4,6-tri-
O-benzyl-1,5-anhydro-2-deoxy-1,2-C-methylene-D-glycero-L-manno-hexitol (107,
270 mg, 0.63 mmol) under similar conditions, afforded the ring opened product 175

(200 mg) in 69% yield as a colourless oil.

Methyl

galactopyranoside (175)

[a]*p=

IR (neat):

3,4,6-tri-O-benzyl-2-deoxy-2-C-methyl-B-D-

+27.5° (c 0.65, CHCl,).
3063, 3030, 2930, 1602, 1496, 1454, 1363,
1275, 1205, 1072, 752, 698 cm™.
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'HNMR: & 7.36-7.26 (m, 15H, ArH), 4.88-4.51 (m, 6H, -OCH,Ph), 3.98-3.90
(m, 2H), 3.68-3.49 (m, 4H), 3.35 (s, 3H, -OCHs) 2.52-2.43 (m, 1H,
H-2), 1.05-1.03 (d, J = 4.2 Hz, 3H, H-7) .

3CNMR: 139.02, 138.55, 138.25, 128.39, 128.18, 128.08, 127.77, 127.70,
127.43, 102.52, 79.99, 74.41, 73.55, 72.58, 71.86, 69.79 (2C), 55.16,
35.51, 12.53 ppm.

MSm/zz 339 (M-OMe, C;Hs)", 253, 233, 193, 159, 127.

Ring opening of B-cyclopropane 110 with Hg(CF;COO); in methanol:

The ring opening of 3,4,6-tri-O-benzyl-1,5-anhydro-2-deoxy-1,2-C-
methylene-D-glycero-L-allo-hexitol (110) was carried out in two ways, at rt (method
a) as well as by refluxing the reaction mixture (method b). The reductive workup
followed in both the cases was the same. Punification of the crude product gave the
required ring opened product 176 (100 mg from 200 mg of 110, 46% in method a,
50 mg from 150 mg of 110, 16% in method b) and the mercury bis(sugar)
compound 177 (49 mg and 78 mg from method a and b, respectively).

Methyl 3,4,6-tri-O-benzyl-2-deoxy-2-C-methyl-a-D-

talopyranoside (176)

[a]®pb=  +25.5°(c 1.7, CHCL).

IR (neat): 3063, 3032, 2930, 1602, 1496, 1454, 1363,
1273, 1207, 1087, 736, 698 cm™.

'HNMR: § 7.36-7.25 (m, 15H, ArH), 5.01-4.95 (d, J = 11.6 Hz, 1H, -OCH,Ph),
4.66-4.49 (m, 6H, -OCH;Ph, H-1), 4.08-3.97 (m, 1H), 3.90-3.86 (m,
2H), 3.70-3.67 (d, J = 6.0 Hz, 2H), 3.36 (s, 3H, -OMe), 2.38-2.24 (m,
1H, H-2), 1.30-1.27 (d, J = 7.2 Hz, 3H, H-7).
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BCNMR: 139.38, 138.86, 138.34, 128.38, 128.14, 127.69, 12741, 127.17,
103.97, 76.44, 74.84, 74.19, 73.53, 70.26, 69.86 (2C), 54.86, 36.44,
12.62 ppm.

MS m/z. 339 (M-OMe, C5Hy)", 253, 233, 193, 181, 163.

Bis(sugar)mercury compound 177

'HNMR: 6 7.36-7.25 (m, 15H, ArH), 4.93-4 88 (d, J =
9.6 Hz, 1H, -OCH,Ph), 4.60-4.45 (m, 6H,
-OCH,Ph, H-1), 4.05-3.90 (m, 1H), 3.66-
3.63 (d, J = 6.0 Hz, 1H), 3.36-3.34 (d, ] =
3.8 Hz, 1H), 3.30 (s, 3H, -OMe), 2.38-2.24 (m, 1H, H-2), 1.30-0.75
(m, 2H, H-7).

'3CNMR: 139.19, 138.77, 138.41, 128.37, 12820, 127.93, 127.75, 127.62,
127.42, 106.97, 77.60, 74.98, 74.26, 73.52, 70.74, 70.01, 69.87,

54.96, 41.87, 36.19 ppm.

Ring opening of a-cyclopropane 108 with Hg(CF;COQ), in methanol:

As described for cyclopropane 108, carrying - out the reaction with
3,4-di-O-benzyl-1,5-anhydro-2,6-dideoxy-1,2-C-methylene-L-glycero-L-gulo-hexitol
(108, 235 mg, 0.72 mmol) under similar conditions, afforded the products 178
(93 mg) and 179 (90 mg) in 36% and 47% vyields, respectively.

Methyl  3,4-di-O-benzyl-2,6-dideoxy-2-C-methyl-B-L- | w OMe

glucopyranoside (178) Colourless waxy solid, BnO BnO

[@)¥p= =39.0°(c 1.25, CHCly).

IR (neat): 3059, 2961, 2878, 1597, 1491, 1448, 1381, 1219, 1157, 1078, 1045,
902, 763, 706 cm’.
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'HNMR: § 7.38-7.30 (m, 10H, ArH), 4.92-4.85 (m, 2H, -OCH,Ph), 4.70-4.62

“C NMR:

(m, 2H, -OCH,Ph), 4.02-3.98 (d, J = 8.7 Hz, 1H, H-1), 3.50 (s, 3H,
-OMe), 3.45-3.26 (m, 1H), 3.33-3.32 (d, J = 1.7 Hz, 1H), 3.24-3.15
(m, 1H), 1.82-1.67 (m, 1H, H-2) 1.37-1.34 (d, J = 6.6 Hz, 3H, H-6),
1.07-1.04 (d, J = 6.8 Hz, 3H, H-7).

138.37, 128.65, 128,51, 127.97, 127.55, 126.99, 105.41, 85.57,
76.89, 75.11, 71.13, 65.11, 56.78, 42.99, 18.35, 12.37 ppm.

Anal. Calcd for CnstO.:: C, 7413, H,792

Methyl 3 or 4-O-benzyl-2,6-dideoxy-2-C-methyl-B-L-

glucopyranoside (179) Colourless solid, R'Omhﬂc

Found: C, 74.73; H, 7.89.

Mp=  152-154° (hexanc). e

[@®p=  +11.1° (¢ 0.75, CHCL,). E,:;LBH, iii“

IR (KBr): 3308, 2988, 2910, 11454, 1369, 1317, 1203,

1122, 1093, 1043, 1016, 910, 731, 694 cm™.

'HNMR: 8 7.36-7.26 (m, 5H, ArH), 4.83-4.66 (dd, J = 112, 22.8 Hz, 2H,
-OCH,Ph), 4.00-3.96 (d, J = 8.6 Hz, 1H, H-1), 3.49 (s, 3H, -OMe),
3.41-3.22 (m, 2H), 3.08-3.04 (d, J = 8.8 Hz, 1H), 2.11-2.09 (d, J =
3.6 Hz, 1H, H-2), 1.41-138 (d, J = 6.6 Hz, 3H, H-6), 1.07-1.04
(d,] = 6.8 Hz, 3H, H-7).

“CNMR: 138.50, 128.63, 128.36, 127.88, 105.39, 85.69, 75.07, 71.12, 56.67,
42.91, 18.32, 12.28 ppm.

Anal. Calcd for C,sHx04 C, 67.65; H, 8.33.

Found: C, 67.68; H, 7.85.
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Ring opening of B-cyclopropane 111 with Hg(CF;COO); in methanol:

The reaction of 3,4-di-O-benzyl-1,5-anhydro-2-deoxy-1,2-C-methylenc-L-
glycero-L-talo-hexitol (111, 225 mg, 0.69 mmol)) with mercuric trifluoroacctate
(587 mg, 1.38 mmol) in methanol yiclded the desired ring opened product 180 (122
mg, 50%) as a colourless oil along with the more polar bis(sugar)mercury

compound 181 (55 mg).

Methyl 3,4-di-O-benzyl-2,6-dideoxy-2-C-methyl-a-L-
mannopyranoside (180) Colourless syrup,
[0]Pp= -35.0° (c 0.8, CHCl;).

IR (neat); 3065, 3032, 2972, 1496, 1454, 1363, 1203,
1136, 1072, 966, 748, 698 cm”,

'HNMR: & 7.35-7.26 (m, 10H, ArH), 4.95-4.90 (d, J = 10.9 Hz, 1H, -OCH,Ph),
4.70-4.51 (m, 4H, -OCH,Ph, H-1), 4.00-3.93 (dd, J = 5.4, 8.9 Hz,
1H), 3.85-3.62 (m, 1H), 3.38-3.22 (m, 4H), 2.48-2.33 (m, 1H. H-2),
1.32-1.29 (d, J = 6.5 Hz, 3H, H-6), 1.10-1.06 (d, J = 7.6 Hz,
3H, H-7).

BCNMR: 138.86, 128.33, 127.94, 127.59, 103.20, 80.31, 79.67, 75.06, 71.08,
67.48, 54.54, 36.94, 18.34, 11.39 ppm.

MSm/zz 356 (M), 325, 265, 240, 233, 193, 159.

Bis(sugar)mercury compound 181 Colourless syrup,

'HNMR: & 7.35-7.26 (m, 10H, ArH), 4.95-4.89 (d, J =
10.9 Hz, 1H, -OCH,Ph), 4.70-4.55 (m, 3H,
-OCH,Ph), 4.36 (s, 1H), 4.00-393 (dd, J =
5.1, 8.9 Hz, 1H), 3.84-3.58 (m, 1H), 3.40-
3.22 (m, 4H), 2.55-2.44 (m, 1H, H-2), 1.31-1.28 (d, J = 6.1 Hz, 4H),
0.82-0.78 (d, ] = 8.0 Hz, 1H).
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3C NMR: 138.86, 128.37, 128.07, 127.98, 127.60, 105.92, 80.68, 74.92, 71.92,

67.97, 54.64, 42.60, 36.90, 18.49 ppm.

Dichlorocarbene addition to 3,4-di-O-benzyl-6-O-triphenylmethyl-D-glucal

(182):

Aqueous sodium hydroxide (4.0 g in 8 ml) was added to a vigorously stirred
solution of the glucal 182 (1.88 g, 3.31 mmol) in chloroform (8 ml) containing

benzyltriethylammonium chloride (20 mg). The reaction mixture was stirred at rt for
36h, then diluted with water (25 ml) and extracted with dichloromethane. The
combined extracts were dried and concentrated. The residue was purified by

chromatography to furnish 183 (1.58 g, 73%) as a colourless syrup.

3,4-Di-0O-benzyl-6-O-triphenylmethyl-1,5-anhydro-2-deoxy-

1,2-C-dichloromethylene-D-glycero-D-gulo-hexitol (183)

[@)’p=  +42.3°(c 1, CHCL).

IR (neat): 3032, 2872, 1493, 1450, 1365, 1207, 1095, 908,
735, 700 cm’”.

TrO

BnO

c ¢

'HNMR: § 7.50-7.0 (m, 25H), 4.84-4.68 (m, 4H, -OCH,Ph), 4.29-4.24 (d, J =
10.7 Hz, 1H), 4.08-4.05 (d, J = 7.8 Hz, 1H, H-1), 3.90 (m, 3H) 3.52-
3.47 (d,J = 10 Hz, 1H), 1.93 (dd, J = 4.1, 7.8 Hz, 1H, H-2).

»CNMR: 14390, 138.28, 137.81, 128.85, 128.61, 128.30, 128.01, 127.67,
127.25, 86.99, 80.54, 77.61, 76.09, 74.79, 72.18, 63.95, 61.82, 59.26,

34.77 ppm.
Anal. Caled for C4oH36CL1LOs: C, 73.73; H, 5.57.
Found: C. 73.65:H 555,
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Detritylation of 183 with formic acid-ether:

To a solution of 183 (1.41 g, 2.16 mmol) in ether (6 ml) was added 5 ml of
98% formic acid and stirred at rt for 1h. The reaction mixture was concentrated in
vacuo and the residue diluted with dichloromethane. The dichloromethane layer was
washed with saturated sodium bicarbonate solution and brine, dried and
concentrated. Purification of the crude product by column chromatography using
initially 5% cthyl acetate in hexane to elute triphenylcarbinol and then with 25%
ethyl acetate yielded the detritylated product (184) as a colourless solid (650 mg,
74%).

3,4-Di-O-benzyl-1,5-anhydro-2-deoxy-1,2-C- Ho
dichloromethylene-D-glycero-D-gulo-hexitol (184) B:l]g() k.
Mp= 83-84° (cther/hexane).

[a]®p=  +74.2°(c 1.5, CHCI;).

IR (KBr): 3369, 3034, 2864, 1496, 1454, 1361, 1327, 1203, 1091, 989, 837,
733, 694 cm’™.

'HNMR: & 7.42-7.31 (m, 10H, ArH), 5.0-4.66 (m, 4H, -OCH,Ph), 3.91- 3.87 (d,
J=8.7Hz, 1IH, H-1), 3.85-3.80 (dd, J = 9.8, 3.9 Hz, IH, H-3), 3.78-
3.60 (m, 4H), 198 (s br, 1H), 1.89-1.80 (dd, J = 3.9, 8.7 Hz,
1H, H-2).

“CNMR: 138.11, 137.58, 128.59, 128.17, 128.06, 79.77, 77.14, 74.97, 74.79,
72.11,62.76, 61.04, 58 81, 33.90 ppm.

Anal. Calcd for C;;H;,CLO,:  C, 61.62; H, 5.42.

Found: C,61.68, H, 542.

LAH reduction of 184:
To a stirred suspension of LAH (455 mg, 12 mmol) in dry THF (4 ml) was
added a solution of the dichlorocyclopropane 184 (330 mg, 0.80 mmol) in THF (10
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ml). After stirring for 24h at rt, the reaction mixture was cooled in ice and quenched
with saturated aqueous sodium sulfate. The usual workup and purification yielded
185 (228 mg, 84%) as a colourless waxy solid.

3,4-Di-O-benzyl-1,5-anhydro-2-deoxy-1,2-C-methylene-D- -
glycero-D-gulo-hexitol (185) BhO o
[@)®p=  +24.5°(c 0.9, CHC). Bn;&@
IR (neat): 3450, 3068, 2870, 1496, 1454, 1379, 1170, 1087,
1028, 821, 738, 698 cm™.
'HNMR: § 7.35-7.29 (m, 10H, ArH), 4.89-4.62 (m, 4H, -OCH,Ph), 3.87-3.40
(m, 6H), 2.11 (b, 1H), 1.08-0.93 (m, 1H), 0.81-0.69 (m, 2H).
C NMR: 138.49, 13835, 128.51, 128.0, 127.79, 126.98, 79.61, 7691, 76.53,
73.61, 71.25, 62.58, 49.98, 14.43, 10.29 ppm.

HRMS Calcd for [(M - Bn)", CsH,704]: 249.1127.
Found: 249.1128.

Simmons-Smith cyclopropanation of 3,4-Di-O-benzyl-6-O-triphenylmethyl-D-
glucal (182):

To a stirred suspension of zinc dust (330 mg, 5.03 mmol) and cuprous
chloride (108 mg, 1.08 mmol) in dry ether (1 ml) was added diiodomethane (327 mg,
1.12 mmol). After 5 min, acetyl chloride (20 pl) was added and the mixture was
heated for 5 min at 40°. A solution of glucal 182 (670 mg, 1.12 mmol) in ether (3
ml) was then added. Five minutes after the addition of the glucal, an additional
amount (2 eq.) of diiodomethane was added and the heating was continued for 2h.
Usual workup and purification by chromatography furnished 186 as a pale yellow
coloured syrup (282 mg, 70%).
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3,4-Di-0-benzyl-1,5-anhydro-2-deoxy-1,2-C-methylene-D-

glycero-D-talo-hexitol (186)

[@]®p=  -70.1°(c 1, CHCL).

IR (neat): 3458, 3030, 2872, 1604, 1496, 1454, 1377, 1221, 1168, 1087, 1026,
821, 738, 698 cm™.

'HNMR: & 7.39-7.21 (m, 10H, ArH), 4.89-4.58 (m, 4H, -OCH,Ph), 4.24-4.16
(m, 1H), 3.85-3.74 (m, 2H), 3.69-3.54 (m, 1H), 3.38-3.32 (m, 2H),
1.98 (s br, 1H), 1.50-1.25 (m, 1H), 0.88-0.73 (m, 2H).

"CNMR: 138.54, 138.42, 12843, 128.03, 127.87, 127.74, 127.57, 78.74,
78.55,77.92,74.21, 70.0, 62.52, 55.10, 15.69, 11.98 ppm.

Anal, Calcd for CHy,04: C,74.09,H, 7.11.

Found: C, 73.98; H, 7.09.

Intramolecular 6-OH assisted ring opening of a-cyclopropane 185 with NBS:

To a solution of the substrate 185 (70 mg, 0.21 mmol) in acetonitrile (5 ml),
140 mg of 4A molecular sicves were added and the contents stirred for 30min. To
this, NBS (44 mg, 0.25 mmol) was added and the stirring was continued for 5h. The
reaction mixture was diluted with toluene and filtered, concentrated in vacuo without
any aqueous workup and the crude product was purified chromatographically to
yield the levoglucosan derivative 187 (61mg, 70%) as a colourless syrup.

3,4-Di-O-benzyl-2-deoxy-2-C-(bromomethyl)-1,6-anhydro-p-D- | o)
glucopyranose (187) fgo
[@®=  -70.8°(c 0.75, CHCI,).

IR (ncat): 3030, 2958, 2897, 1496, 1454, 1363, 1284, 1210, | ™" “Br

1031, 981, 912, 869, 735, 698 cm”™.
'HNMR: § 7.38-7.26 (m, 10H, ArH), 5.58 (s, 1H, H-1), 4.64-4.51 (m, 5H,
~OCH,Ph and H-5), 4.17-4.14 (d, ] = 6.9 Hz, IH, H-3), 3.77-3.68
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(m, 2H), 3.51-3.47 (t, J = 8.6 Hz, 2H), 3.40 (s, 1H, H-4), 2.31-2.23
(t, J=7.6 Hz, 1H, H-2).

BCNMR: 137.99, 137.67, 128.56, 128.49, 127.97, 127.78, 101.55, 76.46,
74.80, 74.56, 71.49, 71.32, 64.92, 45.56, 31.70 ppm.

Anal. Caled for C;)H;sBrOs: C, 60.15; H, 5.53.
Found: C, 60.07; H, 5.61.

Intramolecular 6-OH assisted ring opening of B-cyclopropane 186 with NBS:
To a solution of 186 (110 mg, 0.32 mmol) in acetonitrile (7 ml), 220 mg of
4A molecular sieves were added and it was stirred for 30 min. NBS (70 mg, 0.39
mmol) was then added to the mixture and the stirring continued. The reaction was
found to be incomplete even after 36h, It was diluted with toluene and filtered. It
was then concentrated in vacuo and the crude product was purified as described

above to yield the levomannosan derivative 188 (47 mg, 35%) as a colourless syrup.

3,4-Di-O-benzyl-2-deoxy-2-C-(bromomethyl)-1,6-anhydro- B %

B-D-mannopyranose (188) @/\ Br

[@)Pp=  -12.4°(c 0.5, CHCl,).

IR (neat): 2964, 2897, 3032, 2964, 2897, 1496, 1454,
1363, 1286, 1215, 1128, 1028, 981, 910, 869, 735, 698 cm’.

'HNMR: § 7.38-7.25 (m, 10H, ArH), 5.50 (s, 1H, H-1), 4.64 (s, 2H, -OCH_Ph),
4.59-4.56 (d, ] = 5.5 Hz, 1H, H-5), 4.46-4.45 (d, J = 1.7 Hz, 2H,
-OCH;Ph), 4.14-4.11 (d, ] = 6.9 Hz, 1H, H-3), 3.77-3.75 (dd, ] = 4.4
Hz, 1H), 3.72-3.65 (t, J = 6.6 Hz, 1H), 3.52-3.44 (m, 3H), 2.43-2.32
(dd, ] = 6.8, 13.8 Hz, 1H, H-2).

PCNMR: 137.69, 128.63, 128.51, 128.10, 127.87, 101.12, 75.0, 73.91, 73.74,
73.17, 71.35, 64.74, 44 41, 30.38 ppm.




Calced for [(M - Br)", C;;Hz;04): 339.1596.
Found; 339.1615.

Attempted oxidation of 149 with PCC:
To a solution of 149 (150 mg, 0.28 mmol) in dichloromethane (5 ml) at 0°

was added PCC (306 mg, 1.42 mmol) and contents were stirred at rt for 4h. The
reaction mixture was transferred to a small silica gel column and cluted with ethyl
acetate. The IR spectrum of the crude product showed the presence of starting
compound predominantly, along with a weak carbonyl band for the lactone.

IR (neat): 3410, 2866, 1749, 1730, 1496, 1454, 1257, 1089, 738, 698 cm™.

Ring opening of cyclopropane 109 with I;:

A solution of cyclopropane 109 (140 mg, 0.33 mmol) and I; (990 mg, 3.9
mmol) in 1 : 1 H,0 : dioxane (10 ml) was heated at 70° for 8h. The reaction mixture
was diluted with ether and washed with saturated sodium bisulphite solution and
brine, dried and concentrated. Purification by column chromatography (10% ethyl
acetate/hexane) yielded the iodolactol 193 (226 mg, 79%) as a colourless solid.

3,4,6-Tri-O-benzyl-2-deoxy-2-C-(iodomethyl)-D- BnO I
mannopyranose (193) BnO -0
M.p 102-104° (cther/hexane). BnO

[0]®p= +3.4°(c 1.3, CHCL).

IR (KBr): 3408, 3010, 2924, 1732, 1496, 1454, 1365,
1099, 848, 738, 698 cm™.

'HNMR: 8 7.35.7.17 (m, 15H, ArH), 5.45 (s br, 1H, H-1), 4.83-4.78 (d, ] = 10.9
Hz, 1H, -OCH,Ph), 4.63-4.62 (d, ] = 1.2 Hz, 1H, -OCH,Ph), 4.57-
4.54 (d, J = 6.6 Hz, 2H, -OCH,Ph), 4.46-4.41 (d, ] = 11.3 Hz, 1H,
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-OCH,Ph), 4.08-3.98 (m, 2H), 3.67-3.66 (d, J = 3.8 Hz, 2H),
3.66-3.52 (m, 2H), 3.19-3.09 (dd, J = 11.0, 104 Hz, 1H), 3.0-2.96
(m, 1H), 2.67-2.57 (m, 1H, H-2).
BCNMR: 13827, 138.11, 138.01, 12850, 128.41, 127.93, 127.79, 94.37,
79.52, 74.62, 74.34, 73.45, 71.96, 71.36, 69.38, 46.87, 2.14 ppm.
Anal. Calcd for CosH310s: C, 58.54; H, 5.44.
Found: C, 58.39; H, 5.40.

Ring opening of cyclopropane 109 with I; at 100°:

A solution of cyclopropane 109 (110 mg, 0.26 mmol) and I; (648
mg, 2.6 mmoal) in 11 H,O/dioxane (8 ml) was heated a 100° for 36h. The reaction
mixture was diluted with ether and washed with saturated sodium bisulphite solution
and brine, dried and concentrated. Purification by column chromatography (10%
ethyl acetate/hexane) yielded 193 (60 mg) and an unidentified product (39 mg) as a
pale ydlow ail.

'HNMR: 5 950 () 7.40-7.30 (m), 6.85 (), 5.50 (5), 4.80-4.50 (m), 4.45 (s br),
4.10 (m), 3.82-3.20 (3ms), 2.30 (m), 180 (m).

BCNMR: 191.29, 145.30, 138.96, 138,56, 138.30, 1285, 128.4, 128.1, 127.9,
127.8, 101.8, 75.81, 73.9, 73.65, 73.40, 72.19, 71.37, 70.48, 68.93,
64.72, 63.67, 44.98, 2.74 ppm.

General procedure for the conversion of cyclopropane derivatives to a
methylene-5-valerolactones:

To a solution of B-cyclopropane 109 (180 mg, 0.42 mmol) in 7.5 ml of
3 : 2 dioxane-H;0 was added IDCP (1.18 g, 2.50 mmol) and the resulting solution
was heated at 60 - 70° for 18h. The reaction mixture was cooled and diluted with
ether and the ether solution was subsequently washed successively with 5% HCL,



115

water, saturated sodium bisulphite and brine and dried over anhydrous magnesium
sulphate. The crude product obtained on evaporation of the solvent was purified by
column chromatography using 10% ethyl acetate/hexane as cluent. The unsaturated
lactone 195 was obtained as a colourless oil (107 mg, 55%).

Following similar conditions, reaction of a-cyclopropane 106 (120 mg, 0.28
mmol) with IDCP (783 mg, 1.67 mmol) resulted in 195 (94 mg) in 75% yield.

3,4,6-Tri-O-benzyl-2-deoxy-2-methylene-D-arabino-

hexono-1,5-lactone (195):

[@)®p= +56.1° (¢ 0.75, CHCl,);

lit.'"™ [a]*p=+61°(c 0.5, CHCI;).

IR (neat): 3063, 3032, 2868, 1730, 1633, 1496, 1363, 1259, 1209, 1028, 808,
738, 698 cm™.

'HNMR: § 7.36-7.22 (m, 15H, ArH), 6.52 (br s, 1H, H-7), 5.91 (br s, 1H, H-7"),
4.72-4.54 (m, 6H, -OCH,Ph), 4.38-4.28 (m, 2H, H-3 and H-5), 4.06~
3.97 (t, 1H, H-4), 3.78-3.76 (d, J = 3.8 Hz, 2H, H-6 and H-6").

BCNMR: 164.95, 137.84, 137.48, 134.63 (C-2), 129.92 (C-7), 128.57, 128.49,
128.03, 127.95, 127.84, 79.12 (C-3), 78.75 (C-5), 75.79 (C-4), 73.53,
72.20, 68.71 (C-6) ppm.

Reaction of D-galactal derived cyclopropanes 110 and 107 with IDCP:

The a-methylene-D-valerolactone 196 (54mg, 42% and 98 mg, 82%) was
obtained respectively from 110 (125 mg, 0.29 mmol) and from 107 (115 mg, 0.27
mmol) using the procedure given above.
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3,4,6-Tri-O-benzyl-2-deoxy-2-methylene-D-lyxo-hexono-  [g,0 0. _0

1,5-lactone (196): Colourless oil, X‘L
[a]*p= +45.8° (c 1, CHC,); BnO

lit** (o= +46.2° (c 1, CHCL). 2L

IR (neat): 3063, 3032, 2929, 2870, 1728, 1637, 1496, 1265, 1101, 808, 738,
806, 738, 698 cm’.

'HNMR: § 7.37-7.28 (m, 15H, ArH), 6.79 (br s, 1H, H-7), 6.23-6.21 (dd, J =
1.5, 2.4 Hz, 1H, H-T"), 4.94-4.38 (m, TH, -OCH,Ph, H-5), 4.36-4.35
(d, J=2.1 Hz, 1H, H-4), 4.25 (br s, 1H, H-3), 3.78-3.66 (m, 2H, H-6,
H-6").

CNMR: 163,87, 137.96, 137.56, 137.30, 134.44 (C-2), 129.08 (C-7), 128.69,
128.54, 128.34, 128.15, 128.02, 127.84, 127.51, 78.19, 77.34, 73.72,
73.59, 71.77, 70.16, 68.10 ppm.

Reaction of cyclopropane 111 with IDCP:

To a solution of 111 (163 mg, 0.5 mmol) in 7.5 ml of 3 : 2 dioxane-H,0
was added IDCP (1.41 g, 3 mmol) and the resulting solution was heated at 60-70°
for 18h. As described above, workup and purification by column chromatography
on silica gel using 10% ethyl acetate-hexane as eluent afforded 197 as a colourless
oil (141 mg, 83%).

3,4-Di-O-benzyl-2,6-dideoxy-2-methylene-L-arabino-

hexono-1,5-lactone (197)

[@=  -51.0° (c 1.3, CHCL).

IR (neat): 3032, 2876, 1730, 1167, 696 cm",

'HNMR: § 7.36-7.26 (m, 10H, ArH), 6.49 (bs, IH, H-7),
5.88 (bs, 1H, H-7"), 4.81-4.55 (m, 4H, -OCH,Ph), 4.29-4.27 (m, 2H),
3.61-3.59 (m, 1H), 1.48-1.45 (d, J = 6.7 Hz, 3H).
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BCNMR: 165.76, 137.29, 134.83, 129.82, 128.61, 128.03, 127.78, 81.09,
79.05, 75.84, 73.46, 71 86, 18.73 pPn.
MSm/z 338 (M), 180, 91.

Simmons-Smith cyclopropanation of D-xylal 97:

To a stirred suspension of zinc dust (290 mg, 4.40 mmol) and cuprous
chloride (90 mg, 1.10 mmol) in dry ether (1 ml) at rt was added diiodomethane (306
mg, 1.05 mmol). After 5 min, acetyl chloride (10 pl) was added and the mixture was
heated for 5 min at 400. A solution of 97 (0.320 g, 1.05 mmol) in ether (4 ml) was
then added. Five minutes later, an additional amount of diiodomethane (2 eq.) was
added and the heating was continued for 60 min. The reaction mixture was then
diluted with ether, washed with 5% sodium hydroxide solution, brine and dried. The
residue obtained after removal of the solvent was purified by chromatography to
furnish 112 as a pale yellow coloured oil (210 mg, 63%).

3,4-Di-O-benzyl-1,5-anhydro-2-deoxy-1,2-C-methylene-D- Bnow

talo-pentitol (112) BnO

[@®p=  -53.3°(c 0.6, CHCL).

'HNMR: & 7.36-7.18 (m, 10H, ArH), 4.86-4.60 (m, 4H, -OCH,Ph), 4.14-4.07
(dd, J = 5.5, 7.0 Hz, 1H, H-1), 3.82-3.72 (m, 1H), 3.68-3.6]
(dd, J = 3.9, 10.6 Hz, 1H), 1.46-1.29 (m, 1H), 0.82-0.77 (m, J = 1.9,
3.8 Hz, 2H)

BCNMR: 138.85, 138.65, 131.66, 129.79, 128.36, 127.74, 127.66, 126.68,
77.84, 77.12, 73.45, 70.37, 66.33, 55.63, 15.64, 11.68 ppm.




Reaction of cyclopropane 112 with IDCP:

On treating with IDCP (1.09 g, 2.32 mmol) in 10 ml of 2 : 3 H,O-dioxane
at 60 — 70° for 18h, cyclopropane 112 (105 mg, 0.34 mmol) gave the unsaturated
lactone 198 (73 mg, 66%) as a pale yellow oil.

3,4-Di-O-benzyl-2-deoxy-2-methylene-D-threo-pentano-1,5- 0. .0

lactone (198)
[@s= 446 (c 1.3, CHC). BnO"

IR (neat): 3032, 2924, 1726, 1165, 698 cm”. s

'HNMR: § 7.39-7.25 (m, 10H, ArH), 6.72-6.71 (d, J = 1.4 Hz, 1H, H-6), 5.78-
577 (dd, J = 1.3, 0.7 Hz, 1H, H-6"), 4.71-4.61 (m, 4H, -OCH,Ph),
4.46-4.45 (m, 1H), 439 (br s, 1H), 4.28-4.26 (m, 1H), 3.68-3.61
(m, 1H).

CNMR: 164.14, 137.22, 133.73, 132.46, 128.61, 128.09, 127.81, 127.76,
126.99, 75.29, 72.79, 71.09, 70.09, 67.39 ppm.

MS m/z: 324 (M), 232, 181, 127, 107.
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132 'H and '*C NMR Spectra of Compound 172
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134 'H and '*C NMR Spectra of Compound 134

|

| - L == | 7;;; 1

7.0 5.0 4.0 2.0

L I .

A 1 L 1 1 L

140.0 1200 100.0 80.0 60.0 40.0 20.0




|
H and C NMR Spectra of Compound 135 -

Br

BnO
BnO 0
BnO

OMe

8.0 7.0 5.0 4.0 3.0

=Y

___L_)L/J_,U 1) S

/L | ) L
. 7 14

140.0 ’100.0 80.0 600 400




136 'H and *C NMR Spectra of Compound 152
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140 IH (partial) and *CNMR Spectra of Compound 153
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HETCOR Spectrum of Compound 153




142 'H and 3¢ NMR Spectra of Compound 154
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LaO Br
BnO -0
BnO

30

70

80

100

130




HETCOR Spectrum of Compound 154

i

hil

L]




146 'H (partial) and *C NMR Spectra of Compound 177
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'H and *C NMR Spectra of Compound 187
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150 'H and 3C NMR Spectra of Compound 195
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