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OZET

Anahtar kelimeler: Siklitoller, karigakerler, azido karlyakerler, amino
karbgekerler

Oncelikle, azido ve amino karekerlerin sentez yontemine hazir olarak elde
edilebilen anhidrit bilgginden 83 c¢ikilarak bir ka¢ adimda sentezlenen anaht
bilesigin 90 olwumu ile balandi. 90 nolu bilgk etanol icinde azid iyonu ile
reaksiyonu 91 ve 92 nolu bgi&leri vermistir. Bu iki bilesigin hidrolizi sonucunda
93 ve 94 nolu bilgkler olusmustur. Daha sonra 94 nolu bgigin hidrojenasyonuyla
95 nolu bilgik elde edilmitir.

Ikinci asamada 92 nolu bijgkteki furan halkasi silfamik asit icinde reaksiyoihe

acihp asetillenmesiyle 96 nolu hile elde edilmitir. Daha sonra bu biesin

hidrolizi 97 nolu bilgigi vermistir. Son olarak 97 nolu bijggin hidrojenasyonu
sonucu 98 nolu bikgk elde edilmstir.

Viii



THE SYNTHESIS OF AZIDO-AMINO CARBASUGARS

SUMMARY

Key words:Cyclictols, carbasugars, azido carbasjgamino carbasugars

Firstly the method of preparing azido and amindasugars with their derivatives
began with the formation of the key compound 90chtsynthesized after several
steps from readily available anhydride compoundT8® compound 90 was reacted
with azide ion in etharnol to give compounds 91 88dthe compounds 91 and 92
were hydrolized to produce compounds 93 and 94llyira compound 94 was

hydrogenized to afford compound 95.

Secondly furan ring of the compound 92 was cleawethe acetylation reaction in
sulfamic acid to produce compound 96 and then Higea to give compound 97.
Lastly the compound 97 was hydrogenized to affammmound 98.



CHAPTER 1. INTRODUCTION

Since the beginning of organic synthesis, chemietge dreamed of preparing
complex molecules in an elegance and efficiencyilaimto that of Nature.

Examination of the chemical building blocks, mod#¥ssubstrate activation, and
biosynthetic pathways in Nature provides insightr fachieving similar

transformations by chemical synthesis. In doingd®mists have designed many
biomimetic natural product syntheses and biomimedi@alytic processes [1]. Azido
and Amino carbasugars are examples of the compbten@ molecules which are a

subclass of the largely represented family of ¢gidi

Cyclitol is a generic term used to describe polybyg cycloalkanes. Many
biologically important molecules and natural pragducontain polyhydroxylated
carbocycles. A number of them have been used astemars, antibiotics, antiviral,

antidiabetic, and anticancer agents [2].

Azido and amino cyclitols (carbasugars) are a grofipnatural products with
remarkable biological activities. Over the last ngeasignificant efforts have been
made to develop synthetic methodologies directetl amdy towards their total
synthesis but also towards the design of strucauralogues with improved or novel

biological properties [3].

The aim of this study is to provide a concise upddtthe relevant methods for the

synthesis of azido and amino carbasugars.



CHAPTER 2. GENERAL INFORMATION

2.1. Cyclitols

Cyclitols is the general name used for the polybydrcycloalkanes (Figure 2.1).
Cyclitols or carbocyclic polyols have emerged asiraportant, rapidly expanding
and diversified family of bioactive entities thatciude inositols, conduritols,
guersitols and carbasugars among other varianeselimolecules are involved in the
function and regulation of a number of biologicalogesses, critical for the
sustenance of life, such as cellular recognitiogna transduction and selective
inhibition of carbohydrate processing enzymes (@tydases). These attributes make
cyclitols and carbasugars desirable substratetafgeting many key pathways that
have been implicated in disorders ranging from elieb to viral infections and
cancer. Hence, it is hardly surprising that theas been a sustained interest over the
past few decades in synthetic endeavors directedrtbcreating diversity within the
basic framework of these polyhydroxylated entitidmino substituted siblings of
cyclitols and carbasugars, such as 1 and 2, haxkeal particular attention in this
regard as their scaffolds have proved to be quiengsing in drug discovery and

development [4].

OH OH
HO OH HO OH
HO NH; HO NH,
OH OH
1 2
OH
HO,,
HO" ™ NH,
OH
4

Figure 2.1. Some Cyclitol structures



2.2. Inositols

Inositols  (cyclohexanehexols) are sugar-like mdexu There are nine
stereoisomers, all of which may be referred toressitol (Figure 2.2). The most
prominent naturally occurring form ismyoinositol, cis-1,2,3,5trans4,6-
cyclohexanehexol, and it is actively involved idldar events and processes. Other

naturally occurring isomers aseyllo-, chiro-, muca, andneainositol.

It is assumed that these isomers may be made frgorimositol by inversion of the

configuration (epimerization) of one or two hydrbgyoups [5].

OH OH
HOW__~_ .OH HOW _~_ ,OH
HO:QWOH HOQOH

OH OH
myo- inositol scyllo- inositol

5 6

OH OH
HOUOH HOL ~_ LOH
HO” > "OH HO: : :OH

OH OH
chiro- inositol muco- inositol

7

Figure 2.2. Some Inositol isomers

2.3. Conduritols

Conduritols 9-14 (cyclohex-5-ene-1,2,3,4-tetrol® a class of polyols valuable as
starting materials for the synthesis of biologigalictive compounds. The ten
possible stereoisomers, two meso-forms (condurfdond D) and four couples of
enantiomers (conduritols B, C, E and F), have lmd®ained in enantiomerically pure
forms (Figure 2.3). In nature, the occurrence diydwo conduritols A and F, has

been established [6].



QH OH OH
@:OH WOH OH
Y OH Y OH Y OH
OH OH OH
Conduritol-A Conduritol-B Conduritol-C
9 10 11
OH OH OH
OH OH wOH
OH -~ "OH OH
OH OH OH
Conduritol-D Conduritol-E Conduritol-F
12 13 14

Figure 2.3. Conduritol diastereomers

2.3.1. Aminoconduritols

Conduramines are purely synthetic aminocyclohexmtgt formally derived from

conduritols, in which one of the OH groups is exuyed for an amino moiety
(Figure 2.4). Conduramines and their analoguesrapertant intermediates in the
synthesis of amino- and diaminocyclitols. Some amimduritols have shown

interesting inhibitory activities towards glycoss#s [6].



OH OH NH,
@:OH WOH OH
~ OH v~ YOH v~ YOH
NH, NH, OH
Conduramine A-1 Conduramine B-1 Conduramine C-1
15 16 17
OH OH OH
NH» OH ~_.OH
Y OH OH OH
OH NH, NH,
Conduramine C-2 Conduramine D-1 Conduramine E-1
18 19 20
OH NH,
(e -~ ""OH
NH, OH
Conduramine F-1 Conduramine F-4
21 22

Figure 2.4. Conduramine structures

2.4. Quercitols

Quercitol has been used as a generic term for loggkne pentols. Quercitols are
basically deoxyinositols and can exist in 16 sts@oeric forms, of which 4 are
symmetric with the 12 others being grouped in @gaf optical images (Figure 2.5).
Only three optically active quercitols have soldaen found in nature and they only

exist in plants [7].



OH

OH OH
oH HO OH H
HO/,' - OH N HOUOH HO OH
,[ I HO "OH
HO OH HO OH HO OH
proto- quercitol talo- quercitol vibo- quercitol allo- quercitol
23 24 25 26
OH OH QH OH
HOD:OH HOIj:OH HOQOH HO WOH
HO OH  HO OH HO OH  HO OH
gala- quercitol muco- quercitol neo- quercitol epi- quercitol
27 28 29 30

OH OH
Ho:@:OH HO:©:OH
HO OH HO OH

scyllo- quercitol cis- quercitol

31 32

Figure 2.5. Quercitol stereoisomers

2.5.Pseudo-sugars (Carbasugars)

The term carbasugar refers to the carbocyclic gua® of monosaccharides, where

the ring oxygen is replaced by a methylene group.

The pseudo-sugars and carba-sugars temrsduced by McCasland et al. and
Ogawa and Suami respectively, to indicate a cldssadbocyclic analogues of
monosaccharides containing a methylene group inptaee of the pyranose ring
oxygen atom and showing very important biologicities [8].

McCasland envisioned that his modified carbohydrate@uld be recognized by
enzymes much like carbohydrates, although they dvbealstable to hydrolysis due to
their lack of an acetal or hemiacetal functional@j,

Professor G. E. McCasland’s group synthesized BaaeaDL-talopyranose (33)
(the first reported carbasugar), 5a-casbl -galactopyranose (34), and 5a-carba-



DL-gulopyranose (35) (Figure 2.6). It is notewortimat, 7 years later, 5a-carba-R-
D-galactopyranose was isolated as a true natuoaugt from a fermentation broth
of Streptomyces sp. MA-4145.1 [10].

To date, many of the carbasugar analogues of conpymanose monosaccharides

have been synthesised. Although carbahexopyrarmmsksarbapentofuranoses have

been extensively studied, carbahexofuranoses admed to a lesser extent [9].

HO \\\OH HO &\OH HOwOH
HO ; OH HO: ;"’OH HO” > "OH

OH OH OH
5a-carba-a-DL-talopyranose 5a-carba-a-DL-galactopyranose 5a-carba-a-DL-gulopyranose
35

Figure 2.6. Carbasugars structures

2.5.1. Natural Occurrence of Carbasugars

2.5.1.1. Natural Carbafuranoses

Carbafuranoses have not been found free in Natuteat® subunits of products
isolated from natural sources, in particular cadudéeosides. These compounds have
been the subject of several recent reviews. It Ishba pointed out, however, that
five-membered cyclitols, such as caryose (36) ttitwd (37) (Figure 1.7), have been
isolated as natural products. No other examplediva-membered carbocyclic

carbohydrate analogues from natural sources haare rieported [10].

OHC

(l)H

HO_ S
ho Y oy
OH
HO OH

Caryose Calditol

36 37

Figure 2.7. Naturally occurring carbafuranoses



2.5.1.2. Natural Carbapyranoses

Carbapyranoses have been scarcely found in Ndtavegver, they are abundant as
subunits of other natural products. Compounds ssclkearbax-D-galactopyranose
(33) (isolated from Streptomyces sp. MA-4145),16laghellitol (38) (isolated from
Phellinus sp.) or MK7607 (39) (isolated from Cur&iuh eragestrides) (Figure 2.8)

were isolated directly from natural sources [10].

OH
O, \OH
[j HO ‘
HO” ™" “OH HO “'OH
OH OH
38 39

Figure 2.8. Naturally occurring carbapyranose ddies

2.5.1.3. Azido carbasugars and Amino Carbasugars

Aminocyclitols are a group of natural products igngicant relevance in medicinal
chemistry, as they are structural components ddrgety of antibiotics, glycosidase
inhibitors, and other families of biologically asti compounds. From a structural
point of view, aminocyclitols are cycloalkanes @ning at least one free or one
substituted amino group and three additional hygrgsoups on the ring atoms.
Because of their close structural relationship vétlgars, aminocyclitols are also

regarded as aminocarbasugars.

Natural aminocyclitols are secondary metabolitesétas structural subunits in some
complex natural products, such as validamycingnaily of antibiotics isolated from
the fermentation culture of Streptomyces hygrosaagpiA validamycin is composed
of one valienamine unit, together with an additionait variously of validamine,
valiolamine, or hydroxyvalidamine (Figure 2.9). Tiramylase inhibitor acarbose is
another complex natural product containing an awpyaltol unit (valienamine),

linked in this case to a trisaccharide [3].



OH OH
HO,,, HO,,,

HO” ™" “NH, HO™ ™ “NH,
OH OH
Valienamine Validamine
40 41

OH
HO,, WOH
HO” ™" “NH,
OH
Valiolamine Hydroxyvalidamine
42 43

Figure 2.9. Amino carbasugar structures

Aminocarbasugars such as validamine (41) (Figu8 are some of the most
important and attractive members of the carbastgaily due to their enzyme
inhibitory activity against various glucose hydissda

Aminocarbasugars are also constituents of the iatitbvalidamycin complexes

isolated from the fermentation broth of streptonsychygroscopicus subsp.
limonenus, which shows growth inhibition activityaanst bacterial diseases of rice
plants [11].

At the same time speaking about azido carbasugdhei kind of carbasugar which
contain azido group instead of amino group. Yetdhsre no much studies in the
lituretures concerning azido carbasugars than aganmasugars. In this study firstly
azido carbasurgars are synthesized then by hydwggrthem amino carbasugars

are formed.
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2.6. Synthesis of some azido cyclitols ( azido carbasugaand their derivatives

from literatures

ACO Cl on OAc OAc
¢ NaN; OAc 1) Reduction OAC
oAc DMF N oA 2) Acetylation AcHN oA
OAC 3 c c c
OAc OAc
44 45 46

Scheme 2.1. Azidocyclitol by,&’ displacement of an allylic chloride.

Nucleophilic displacement of an activated inositérivative by a nitrogen
nucleophile is a widely used method for the syrithe$ aminocyclitols. In a very
straightforward approach, a racemic 1, -diaminatobg/as obtained by nucleophilic
S\2 displacement from a protected inositol bismesylaAtsimilar approach has been
used in the synthesis of aminocarbasugars fromupers originating from
rearrangement of norbornyl derivatives, 2-deoxggamine analogues, and several
mono- and diazido and —amino inositols, and alsprépare a deuterated valiolol
analogue for biochemical studies. Examples @R’ Sdisplacements have been
described, as in the synthesis of paracetylateeénarhine reported by Ogawa et al.

from allylic chloride 44 and sodium azide (schenid £3].

OBn
AcO, OBn
L _OBN  cat(PhsP),Pd OBn
»
“OBn NaN; N3 0Bn
NHAC NHAc
47 48

Scheme 2.2. Azidocyclitol by Azidocyclitols (azidobasugars) by palladium-catalyzed allylic
amination.
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The Pd-catalyzed reaction of sodium azide withitable allylic acetate(47) to give
allylic azide (48) [3].

2.7.Synthesis of some aminocyclitols ( amino carbasuggrand their derivatives

from literatures

Bn

//
—~OMe
P F’,’/OMe
95% 88 % @] OMe
OBn

50

dl 76 %
OH
NH, Bn
O
HO OH % 46 39 %
OH BnO OBn
54 OBn

52
a)(MeO),P(O)CHo,Li; b) NaBHy,; c) DMSO, TFAA, Et3N; d) K,CO3, 18-crown-6; €) NaBH,4,CeCl3
f) Phthalimide, DEAD, Ph3P; g) H,NNH;,,H,0; h) Na, lig. NH3.

Scheme 2.3. Synthetic route of valienamine (54nhfghuconolactone (49)

Meanwhile, Fukase and his colleagues focused omlolemg a practical way of

synthesizing 54 from an inexpensive starting makerFirst, tetra-O-benzylated D-
glucono-1,5-lactone (49) was treated with lithiummethyl methylphosphonate to
afford phosphoryheptulose (50), which was once cedwith sodium borohydride
and successively oxidized with DMSO and trifluore@c anhydride in the presence
of triethyl amine to give 2,6 heptodiulose 51. Asequent intramolecular Horner-
Emmons reaction with potassium carbonate and 18+c#® yielded the branched
unsaturated inosose 52. Luche reduction of 52 usialgum borohydride and cerous
chloride, followed by substitution of the newly g@eated hydroxyl group with

phthalimide under the Mitsunobu condition gave filly protected target molecule
53 Removal of the phthaloyl group with hydrazinedfate and benzyl group by
Birch reduction afforded 54 (Scheme 2.3) [12].
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Route 1
OH OH Br
HO
NH, NHCbz HO
— HO—=
HO oH 9% o oBn  90% OO \H
OH OH
o)
54 55 56
0,
oH \924
HO NH d HO
HO
HO OH 90 % HO—
OH 0" NH
58 57
o)

a) CbzCl, NaHCOg3;b) Bry; ¢) NaBH,; d) Ba(OH),

Scheme 2.4. Synthetic route 1 of valiolamine (58)

Route 2

OH
NH, NHCbz
HO OH AcO OAc
OH OAC
59
b | 86%
OH
NH,
HO
HO OH AcO
AcO—™=
OH 0. 0AG
58
b) Br; d) Ba(OH), 61

Scheme 2.5. Synthetic route 2 of valiolamine (58)
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Route 3
B [ OBn ]
o JreHel, ot O CHCI
o
oBn 4% BnO OBn
63
9 | 67%
NH, OBn CI
HO
HO OH 60% BnO 71 %
Bn OBn

¢) NaBHy;e) LiCHCI,; f) DMSO, TFAA, Et3N; g) base, THF
h) n-Bu3SnH, AIBN; i) NH,OH, Raney Ni; j)Pd, HCO,H

Scheme 2.6. Synthetic route 3 of valiolamine (58)

The valiolamine (58) was prepared by three differentes. The first method (route
1) was started with protection of the amino grofip4 with Cbz chloride, followed

by the treatment of N-protected valienamine (5%hviaromine to afford oxazoline
(56). Reduction of 56 with sodium borohydride, aswccessive hydrolysis with
barium hydroxide gave 58 (Scheme 2.3).

The second method (route 2) was similar to the brse except for starting with
validamine (59) (Scheme 2.4).

The third method (route 3) applied to the synthedisabeled compounds started
with gluconolactone (49). Namely, 49 was treatethvdichloromethyllithium to
afford 62, which was once reduced with sodium bypdolde and oxidized. After
treating the reaction residue, which should magagtain 63, with a base to facilitate
intramolecular aldol condensation, the geminal ldich methylene group of the

cyclized compound 64 was reduced with tri-butyhiydride to give 65. Reductive
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amination of 65 with hydroxylamine in the preserafeRaney-Ni, followed by
debenzylation by catalytic hydrogenation yielded Séheme 2.5) [12].

@)
HO\)J\/OPO3 HO o HO
OH
OEt DHAP HO,, |1\102 H,PtO, HO,,, NH,
O,N
66 67 68

Scheme 2.7. Intramolecular chemoenzymatic nitrdaldodensation

Another noteworthy contribution to the field is tih@roaldol-type intramolecular
cyclization between a masked 3-hydroxy-4-nitrobaliyehyde 66 and
dihydroxyacetone phosphate (DHAP) catalyzed by téses-1,6-bisphosphate
aldolase (RAMA) (Scheme 2.6). This transformaticesvapplied to the synthesis of
the diastereomeric mixture of nitrocyclitols 67,ialhwere separated and reduced to
the corresponding aminocyclitols 68, structural lagaes of the glycosidase

inhibitor valiolamine [3].

HO/Y\OH OBn
NH,
NaBH;CN /N~ OH

OH
1) Raney Ni / MeOH HO.,,
2) Pd/C, formic acid / MeOH HO
valiolamine
58

Scheme 2.8. Aminocyclitols (amino carbasugars)dolyctive amination of cyclohexenones and
ketoxime reduction.
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In one of the synthesis of valiolamine and seveMasubstituted derivatives,
reductive amination of a functionalized cyclohexaaalerivative 69 in the presence
of NaBH:CN allowed the introduction of an alkylamino sidbam with total
stereocontrol through attack of the reducing agenthe less hindered side of the
intermediate Schiff's base. However, ketoxime faiora from the above
cyclohexanone, followed by catalytic hydrogenatited to a mixture of epimeric

aminocyclitols in ar/p ratio of 16:1 (Scheme 2.7) [3].

H

o)l\ccl3 o)

OH 1) Me,CO
Amberlyst 15 K,COj3 /p-xylene )L .

Cl;C H ‘0
"oy 2) CClsCN / DBU ’)o{ reflux O)(
OH o)

73

72

Scheme 2.9. Aminocyclitols through sigmatropic reagements of allylic imidates

The sigmatropic rearrangement of allylic imidatessically known as the aza-
Claisen or Claisen-imidate rearrangement and noysadiso called the Overman
rearrangement, has also been used to provide atressinocyclitol systems from
suitable precursors. The process can be carriedithetr thermally or in the presence
of Hg' or Pd' catalysts. Mehta et al. have used this rearrangerte convert
trichloroacetimidate 73 into trichloroacetamideufiler thermal conditions en route

to aminocarbasugar Analogues 75 (Scheme 2.9) [3].
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OTBS OTBS B OTBS
. 0c,0,
Oﬁ/ - . Oﬁ/ Ob\/
N 97% N 87% N
Brl OTBS H OTBS Boc OTBS
76 77 8
LiOH,
aq THF| 93%
HOOC,
HOOC 7 1.HCI, THF, MeOH HOOC
HOWOH _ HO_O---OH 2.DOWEX ~
Ho NH, S = 98% TBso—<:>'“OTBS
HO  NH, -
80 TESO  “NHBoc
79
Scheme 2.10. Synthesis of carbapyranuronic amiiab(&0)
HOOC, HOH,C, 1.HCI, THF, MeoH HOH2C
BH3.Me,S, 2.DOWEX
TBSO OTBS THE TBSO OTBS » HO \OH
—>
96%
TESO “NH2Boc  86% TESO “NHBoc HO NH,
79 81

[
HOH,C
Hé\W\OH
HO NH,
82
Scheme 2.11. Synthesis of carbapyranosylamine (82)

To complete the synthesis of both carbapyranuroamino acid 80 and
carbapyranosylamine 82, conversion of 76 into thetgeted amino acid 79 (a
common predecessor) was planned (Scheme 2.10), bangyl-substituted bicycle
76 was transformed into the N-Boc derivative 78 an84% global yield via
debenzylation with Na in liquid ammonia (i.e. 76}7%llowed by N-Boc
reprotection (BogO, MeCN, DMAP). Hydrolysis of 78 with LiOH in THF/ater
then provided protected amino acid 79 (93% yiehd)ich was fully deprotected to
80 by exposure to 6 N HCI in THF/MeOH (1:2:1 ratiolowed by DOWEX (98%
yield).
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In a divergent way (Scheme 2.11), acid 79, wheaté®@ with an excess of a 2 M
solution of BHDMS in THF (8 mol equiv), delivered the protectediao alcohol 81
(86% vyield), which was liberated by acidic treatinem furnish amine 82 in 96%

yield [13].



CHAPTER 3. MATERIALS AND METHODS

3.1. General

In experimental studies, Heidolph MR Hei-Standaagmetic mixer with heater was
used as heat source. Solvents were removed undeumwvawith Heidolph Laborota
4000 and Bibby rotated evaporator. Theand**C NMR spectra were recorded on a
VARIAN instrument at 300 MHz in CDGJ| CsDs, and BO. Chemical shifts are
reported in parts per milliord) downfield from TMS as internal standart reference
Coupling constants (J values) are reported in hgt, and spin multiplicities are
indicated by the following symbols; s:singlet, dubet, t:triplet, g:quartet and
m:multiplet. Melting points were determined on Beiead Electrothermal capillary
melting apparatus and are uncorrected. IR was rmafrom KBr or film on
PerkinElmer FT-IR spectrophotometer. Column Chramgipy to purify target
molecules was carried out a silica gel 60 (MercBR4j7TLC was conducted on pre-

coated silica gel 60254 aluminium sheets (Merck 5554) plates.

Solvents and chemicals were supplied with FlukarddeAlfa Aesar ve Sigma

Aldrich companies.

3.2. Experimental Studies

3.2.1. Synthesis of Azido and Amino Carbasugars usgj a new method

In this study, novel synthetic strategies leadingazido and amino carbasugar’s

derivatives were aimed and investigated. The sgatheof azido and amino

carbasugar’s derivatives were achieved successfully
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For the synthesis of both azido and amino carbasudarivatives, The compound
90 was synthesized as a key compound.

The synthesis of the key compound 90 used in tihegis of azido and amino
carbasugars began with readily available anhyd&8eand was followed by the
sequence of steps. Treatment of the anhydride &3naldl by the addition of maleic
anhydride to in situ generated butadiene, with HAVielded the diol 84. The diol
84 was successfully converted to the desired tediratfuran derivative 85 by
treatment of 84 with tosyl chloride in pyridine. &hesulting compound 85 was
brominated at low temperature to give cis-dibronica@d trans-dibromo compound
86 in high yield. Hydrogen bromide elimination with8-biazabicyclo[5.4.0Jundec-
7-ene (DBU) in methylene chloride at 0 °C gave diene 88. Photooxygenation of
88 in methylene chloride (500 W, projection lamg)raom temperature using
tetraphenylporphyrin (TPP) as the sensitizer a#drthe bicyclic endoperoxide 89 in
a yield of 85%. To a magnetically stirred solutiohbicyclic endoperoxide 89 in
CH.Cl, was added a solution of cobalt meso-tetraphengipoin (Co-TPP) in

CH.Cl, at 0 °C. After complete addition (10 min), the tabe was stirred for 2 h at
room temperature. Removal of solvent and chromafigr of the residue on 50 g of
silica gel eluting with hexane/EtOAc (2:3) gave ttiepoxide 90 (1.68 g, 84%),

which was crystallized from chloroform: colorlesystals (scheme. 3.1)
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O
THF OH pyridine
83 o 84 85
Brz
OOC CHzclz
DBU , 70% Br Br
Benzene BrY Br
88 reflux
86 87
o
2| 85%
O,
Ozth (j:/\
O
O Co-TPP RN
o
89 90

Scheme 3.1Synthesis of Azido and Amino Carbasugars usingw Method

3.2.2. The synthesis of monoazide diacetate fura@l) anddiazide diacetate

furan (92)
OAc OAc
O, N3 A N3~
: ] 1.NaN;, EtOH I):o + I;CO
{ 2. Ac,0, pyridine HNT ™ N3™
:\ 3 | = ~
0 _CH, OAc OAc
% HsC
91 92

Scheme 3.2The synthesis of monoazide diacetate furan (91)déamde diacetate furan (92)

Cis-Bisepoxide 90 (1.2 g, 7.79 mmol) was dissoliedbsolute ethanol (50 mL),
Sodium azide (1.26 g, 19.38 mmol) was added tctihation. The reaction mixture
was refluxed for 1 day and then cooled to room &nmapire. The reaction was
completed, and ethanol removed under reduced peesBoe remaining residue was
fillered on a short silica gel column with EtOAcftér evaporation of the ethyl
acetate, without any additional purification, tlesidue was dissolved in pyridine
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(4 ml) and acetic anhydride (4.5 ml), and stirrealgmetically at rt for 12 h. At the
end of this period dichloromethane (200 ml) waseald the solution and stirred for
5 min. The mixture was hydrolyzed with iced-HCI Q1oL 5%) and washed with
saturated NaHC{(2x100 mL) and water (3x200 mL), and dried on3&,. After
removal of the solution, the residue filtered oshart column with silica gel (20 g)
eluted with hexane /ethyl acetate (2:1) to give aaaide diacetate furan 91 and

diazide diacetate furan 92 respectively.

3.2.3. The synthesis of monoazide diol furan (93).

OAC OH
N3~ NH; N3o
O MeOH O
HINT ™ HINT
_CH OAc _CH OH
HC 2 H,C™ 2
91 93

Scheme 3.3The synthesis of monoazide diol furan (93)

Monoazide diacetate 91 was dissolved in absolutthanel (15 mL) in a 25 mL
flask. NH(g) was passed through the reaction during 1.5k. rBlaction flask was
closed with a stopper and stirred for 12 h add#ilynat the same temperature. The
completion of the reaction and removal of the Me@tdl forming acetamide under

vacuum gave monoazide diol furan 93 yellowish, misc

3.2.4. The synthesis of diazide diol furan (94)

OAc OH
N3 NH; N3o
mo MeOH O
N N
OAc OH
94

92

Scheme 3.4. The synthesis of diazide diol furan (94



22

Diazide diacetate furan 92 was dissolved in absaté¢thanol (15 mL) in a 25 mL
flask. NHs(g) was passed through the reaction during 1.5hie. féaction flask was
closed with a stopper and stirred for 12 h add#ilynat the same temperature. The
completion of the reaction and removal of the Me@tdl forming acetamide under

vacuum gave diazide diol furan 94 dark brown, visco

3.2.5. The synthesis of diamino diol furan (95)

OH OH
N3 H,-Pd HoN -~
O™ "MeOH 0
N HNT
OH OH
94 95

Scheme 3.5The synthesis of diamino diol furan (95)

A mixture of diazide diol furan 94 and Pd (0.25 nmgjnethanol (15 mL) was stirred
at rt for 18 h under hydrogen atmosphere. The cetigpl of the reaction, methanol
was removed under reduced presure. The residuelissdved in water and filtered
on a short cotton column with water. Water was nemdounder vacuum, gave
diamino diol furan 95 brown, viscous which was tiiged from ethanol as white

solid.

3.2.6. The Synthesis of diazide tetraacetate (96)

OAc Ac.O OAc

< 02 by
OAc

N3 - H,NSO3zH N3 -

OAc OAc

92 96

Scheme 3.6The Synthesis of diazide tetraacetate (96)

To a stirred solution of diazide diacetate fur&ni® AcO/AcOH (10 mL 1:1) was
added sulfamic acid (40 mg) at room temperaturbovied by heating at reflux

temperature for 24 h. After the mixture was codiedoom temperature, HCI was
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added (100 mL, 5%) and extracted with ethyl aceta®® mL). The organic phase
was washed with water (2 x 300 mL) and saturateld®@; (2 x 100 mL) and dried
(MgSQy). After removal of the solvent under reduced puessthe residue was
purified by column chromatography on silica gel @0Owith DCM to give diazide

tetraacetate 96 colorless, liquid which was crigdgt from ethyl acetate

3.2.7. The synthesis of diazide tetrol (97)

OAc OH
OH
N3 z OAc MeOH N3 z
OAc OH
926 97

Scheme 3.7. The synthesis of diazide tetrol (97)

Diazide tetraacetate 96 was dissolved in absoletidamol (15 mL) in a 25 mL flask.

NH3(g) was passed through the reaction during 1.5hk. réaction flask was closed
with a stopper and stirred for 12 h additionally the same temperature. The
completion of the reaction and removal of the Me@tdl forming acetamide under

vacuum gave diazide tetrol 97 brown, liquid.

3.2.8. The synthesis of diamino tetrol (98)

OH OH
Naa o HPd HZNI):OH
I j: : MeOH OH
N3 - OH H,N Y
OH OH
97 98

Scheme 3.8The synthesis of diamino tetrol (98)

A mixture of diazide tetrol 97 and Pd (0.25 mgmethanol (15 mL) was stirred at rt
for 18h under hydrogen atmosphere. The completiathe reaction, methanol was

removed under reduced presure. The residue washakgsin water and filtered on a
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short cotton column with water. Water was removadeaun vacuum, gave diamino

tetrol 98 light brown, liquid.



CHAPTER 4. EXPERIMENTAL RESULTS

9
85

tetrahydrofuran

Hexahydrobenzofuran derivative (85) was preparedraing to same procedure as
described in the literature 11.

'H NMR (400 MHz, CDCJ) 5 = 5.69 (s, 2H), 3.89 (dd, A-part of AB-system, 75
and 6.4 Hz, 2H), 3.54 (dd, B-part of AB-system, 4.5 and 5.6 Hz, 2H), 2.36 (m,
2H), 2.26-2.22 (m, 2H), 1.95 (dd, J =16.0 and 3z4 2H);

13C NMR (100 MHz, CDGJ) 6 = 124.9, 73.1, 35.3, 24.1;

IR (KBr, cm-1); 3025, 2927, 2857, 1485, 1437, 13I[309, 1209, 1189, 1175, 1120,
1088, 1055, 1019, 968, 951, 899. Anal. Calcd fgiO; C, 77.38; H, 9.74. Found:
C,77.4;H,9.7.

Br
)O..
Br
87

cis-dibromo

To magnetically stirred solution of 85 (10.0 g,,&® mmol) in 300 mL of dry
CHxCl, at 0 °C a solution of bromine (13.0 g, 81.2 mmulas added dropwisely in
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200 mL of CHCI, over a period of 1 h. The reaction mixture wasresti for an
additional 2 h at room temperature. The solvent exsporated. Crystallization of
the residue from ether at 0 °C gave 17.87g of Bur€78% after crystallization) as
white crystals. Mp 58-60 °C;

'H NMR (400 MHz, CDCJ) & = 4.42-4.37 (m, 1H), 4.29-4.24 (m, 1H), 3.92-3(81
3H), 3.69-3.65 (M, 1H), 2.61-2.46 (m, 3H), 2.428(@n,1H), 2.25-2.15 (m, 1H),
2.12-2.05 (m, 1H);

3C NMR (100 Mhz, CDCI3p = 72.4, 70.2, 53.2 (2x), 38.3, 37.2, 34.5, 33.2;

IR (KBr, cm-1); 2 926, 2871, 1306, 1286, 1246, 116868, 1118, 1069, 1041, 1029,
1013, 980, 942, 934, 903. Anal. Calcd faH&Br,O: C, 33.83; H, 4.26. Found: C,
34.00; H, 4.23.

L
88

diene

To solution of dibromide 87 ( 15.0g, 52.82 mmoln)400 mL of dry benzene a
solution of 1,8-diazabicyclo[5.4.0]Jundec-7- ene.(8§, 236 mmol) was added in
400 mL of dry benzene at room temperature. Theitramixture was refluxed for 6
h and then cooled to room temperature. The sol&lfikared off. The benzene phase
was poured into water (1000 mL) and extracted vether (3 x 500 mL). The
combined organic phase was washed with saturateebag sodium bicarbonate (3 x
500 mL), dried (NgS0Oy), and evaporated in vacuum to give 4.51g of 884)/as a
colorless liquid [11].

'H NMR (400 MHz, CDC}) & = 5.86-5.80 (m, 2H), 5.62-5.59 (m 2H), 4.16-4.42 (
2H), 3.60-3.57 (M, 2H), 2.96 (bs, 2H);
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13C NMR (100 MHz, CDG)). § = 126.2, 122.3, 75.0.

6 e

89

bicyclic endoperoxide

A stirred solution of cyclohexadiene derivative(@8.0g, 81.9 mmol) and 200 mg of
tetraphenylporphyrine (TPP) in 250mL of g, was irradiated with a projection
lamp (500 W) while oxygen was passed through thetisa The reaction completed
after 12 h. Evaporation of solvent (30 °C, 20 mmktagd crystallization of the

residue from ether gave 10.7 g of pure endoperod8é85%) as colorless crystals.
Mp 123-126 °C;

'H NMR (400 MHz, CDCI3)s = 6.68 (quasi t, A-part of AKX '-system, 2H), 4.71
(m, X-part of AAXX'-system, 2H), 3.73 (m, 2H), 3.50 (dd, J&¥) ) 9.3 and 2.6
Hz, 2H), 3.03 (m, 2H);

13C NMR (100MHz, CDCI3% = 131.9, 72.4, 70.0, 39.9;

IR (KBr, cm-1); 3079, 2958,2923, 2861, 1475, 1465%/7, 1277, 1198, 1129, 1075,

1040, 1029,965, 950. Anal. Calcd fogHzoOs: C, 62.33; H, 6.54. Found: C,62.03;
H, 6.59.

o,
(1
o
90

cis-bisepoxide
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To magnetically stirred solution of bicyclic endopede 89 (2.0 g, 13 mmol) in 40
mL of CH,CI;, a solution of cobalt meso-tetraphenylporphyrin (6§) was added in
10 mL of CHCI, at 0 °C. After complete addition (10 min), the mpe was stirred
for 2 h at room temperature. Removal of solvent @m@matography of the residue
on 50 g of silica gel eluting with hexane/EtOAc3Rgave bisepoxide 90 (1.68 g,
84%), which was crystallized from chloroform: caéss crystals; mp 735 °C;

'H NMR (400 MHz, CDCJ) & = 3.91 (br t, A-part of AB-system, J = 7.6 Hz, 2H)
3.62 (dd, B-part of AB-system, J = 8.4 and 4.5 B4), 3.41 (d, J =1.3 Hz, 2H), 2.87
(br d, J = 1.3 Hz, 2H) 2.64.58 (m, 2H);

13C NMR (100 MHz, CDGJ) & = 71.0, 50.4, 47.6, 36.8;

IR (KBr, cm‘l); 3003, 2956,2879, 1423, 1365, 1267, 1195, 107014849, 1033,
952, 929, 894. Anal. Calcd forsB1003: C, 62.33; H, 6.54. Found: C, 62.36; H,6.65.

OAc OAc
N =
)@.: T
Hl}‘ z N3 z
_CH, OAc OAc
H5;C
91 92
monoazide diacetate furan diazide diacetate furan

cis-Bisepoxide 90 (2.4 g, 15.58 mmol) was dissolvedhrolute ethanol (75 mL).
Sodium azide (2.52 g, 38.76 mmol) was added tastihégtion. The reaction mixture
was refluxed and conversion was controled with TA@er 24h the conversion was
completed, the mixture cooled to room temperat&thanol was removed under
reduced pressure. The remaining residue was filterea short silica gel column
with ethyl acetate. After evaporation of the etlagletate, without any additional
purification, the residue was dissolved in pyridifgemL) and acetic anhydride (6
mL), and stirred magnetically at rt for 12 h. Atethend of this period
dichloromethane (200 ml) was added to the mixturd stirred for 5 min. The
mixture was hydrolyzed with iced-HCI (100 mL 5%)daneutralized with NaHCO
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(300 mL) and washed with water (3x400 mL), anddaioger NaSQ, After removal

of the solution, the residue (5.12 g) was loadeac@aomn on silica gel (60 g) and
eluted with hexane /ethyl acetate (4:1). The columas repeated and fractions was
combined, evaporation of the solution gave ethyhemamonoazide diacetate furan 91

as a first fraction and diazide diacetate furam92 second fraction respectively.

The first fraction 91: (0.72 g, 14%) yellow liquidd.p: 86-88C. Anal.Calcd for
Ci14H22N4Os: C, 51.52; H, 6.79; found: C; 51.79; H, 6.88.

'H-NMR (300 MHz, in CDCY/CsDe: 1/1)8 = 5.39 (t, J=10.0 Hz, 1H), 4.94 (t, J=3.1
Hz, 1H), 3.83 (dd, J=9.7, 8.0 Hz, 1H), 3.76 (dB.J=1.4 Hz, 1H), 3.64 (t, J=8.7 Hz,
1H), 3.52 (dt, J=3.8, 1.2 Hz, 1H), 3.47 (dd, J=&& Hz, 1H), 3.29 (g, 2H), 3.18
(dd, J=10.2, 2.9 Hz, 1H), 2.23-2.12 (m, 1H), 2.105(m, 1H), 1.79 (s, 3H), 1.67 (s,
3H), 0.92 (t, 3H).

13C- NMR(75 MHz, CDCY) & = 170.4 (2C), 169.9 (2C), 79.4, 70.8, 69.6, 6854,
67.2, 60.9, 43.4, 42.9, 21.3 (2C), 21.2 (2C), 15.5.

IR (KBr, cri'); 2983, 2940, 2914, 2102, 1736, 1434, 1375, 12278, 1107, 1096,
1062, 1030, 935, 887, 648.

The second fraction 92: (1.46 g, 58%) a colorlepsd which was crystillated from
ethyl acetate (3.90 g, 76%). M.p: 149-361Anal.Calcd for GH1eNeOs: C, 44.44;
H, 4.97; found: C; 44.10; H, 4.75.

'H-NMR (300 MHz, in CDCY/C¢Dg: 2/1)5 = 5.08 (t, J=5.3 Hz, 2H), 3.77 (dd, J=8.5,
5.3 Hz, 2H), 3.70 (bd, J=5.5 Hz, 2H), 3.63-3.57 @H)), 2.25 (dd, J=9.4, 5.3 Hz,
2H), 1.92 (s, 2x3H).

13C- NMR(75 MHz, in CDCYCsDe: 2/1) & = 169.6 (2C), 68.2 (2C), 69.1 (2C), 62.2
(2C), 43.0 (2C), 20.9 (20C).
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IR (KBr, cmi®); 2971, 2912, 2873, 2111, 1740, 1428, 1371, 13282, 1216, 1067,
1039, 1023, 921, 880, 783, 688.

I
_CH, OH

H,C
8 93

monoazide diol furan

Monoazide diacetat®l (0.54 g, 1.66 mmol) was hydrolyzed with Nid absolute
MeOH to give monoazide diol furan 93 (0.37 g, 923#lJowish, viscous. Anal.Calcd
for CioH18N4O3: C, 49.57; H, 7.49; found: C; 48.97; H, 7.72.

'H-NMR (300 MHz, CDC}) 6 = 4.00 (t, j=2.9 Hz, 1H), 3.85 (d, j=8.5 Hz, 113)76
(d, j=9.4 Hz, 1H), 3.69-3.60 (m, 2H), 3.54-3.49 @hl), 3.46-3.34 (m, 2H), 2.93 (dd,
j=10.6, 3.5 Hz, 1H), 2.49-2.43 (m, 1H), 2.19-2.@9 (LH), 0.97 (t, j=7.0 Hz, 3H)

¥C- NMR(75 MHz, CDC}) 6 = 80.7, 71.0, 68.4, 68.3, 66.5, 63.9, 52.5, 443/3,
14.6

IR (KBr, cmi); 3291, 2971, 2930, 2882, 2108, 1739, 1565, 14866, 1229, 1206,
1094, 1063, 914, 886, 717, 648.

diazide diol furan
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Diazide diacetate furan 92 (0.72 g, 2.22 mmol) twadrolyzed with NH in absolute
MeOH to give diazide diol furan 94 (0.48 g, 90%Jldhrown, viscous. Anal.Calcd
for CgH12NgO3: C, 40.00; H, 5.04; found: C; 40.31; H, 5.15;

'H-NMR (300 MHz, CDC}) & = 3.87 (d, j=6.0 Hz, 2H), 3.83-3.69 (m, 6H), 2(36,
i=11.7, 7.0 Hz, 2H).

13C- NMR(75 MHz, CDC}) & = 69.6, 67.4, 64.1, 44.1.

95

diamino diol furan

Diazide diol furan 94 (0.63 g, 2.61 mmol) and P@Q0mg, 10% on activated carbon
powder) in absolute methanol (50 mL) was stirredd dydrogen was bubbled
through the solution and followed by stirring undsdrogen to give diamino diol
furan 95 (0.42 g, 87%) brown, viscous which wasstaljzed from ethanol gave
colorless crystals (0.33 g, 67%), M.p: 213-Z15Anal.Calcd for @H1gN2Os: C,
51.05; H, 8.57; found: C; 50.95; H, 8.63;

'H-NMR (300 MHz, 30) & = 3.76 (t, j=5.6 Hz, 6H), 3.48 (t, j=6.2 Hz, 2t2)94 (d,
j=6.1 Hz, 2H), 2.33 (dt, j=13.0,7.6 Hz, 2H).

13C- NMR(75 MHz, BO) § = 70.6, 70.3, 54.4, 44.2.

IR (KBr, cri); 3380, 3072, 2959, 2932, 2889, 2874, 1628, 15985, 1468, 1359,
1254, 1229, 1059, 917, 809, 731.
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QAC
N3~ OAc
N3:<>: OAc
OAc
96

diazide tetraacetate

To stirred solution of diazide diacetate furan(955 g, 5.09 mmol) in A©/AcOH
(10 mL 1:1) sulfamic acid (40 mg) was added at raemperature, followed by
heating at reflux temperature for 24h to give diazietraacetate 96 (1.56 g, 72%)
colorless, liquid which was crystallized from etladetate, gave salty crystals (1.35
g, 62%). M.p: 93-9%C. Anal.Calcd for GgH2oNgOg: C, 45.07; H, 5.20; found: C;
45.40; H, 5.00;

'H-NMR (300 MHz, CDC}) §; 5.29 (t, j=6.1 Hz, 2H), 4.31 (dd, j=11.7, 6.8 I24)),
4.11 (dd, j=11.7, 4.7 Hz,2H), 3.93 (d, j=5.6 Hz,)2R.43 (dd, j=11.5, 6.1 Hz, 2H),
2.13 (s, 2x3H), 2.06 (s, 2x3H);

¥C- NMR(75 MHz, CDC}) 5 = 170.8, 169.7, 69.3, 62.6, 61.8, 21.2, 21.1.

IR (KBr, cmi™): 2989, 2108, 1736, 1702, 1429, 1370, 1217, 1023, 672, 642.

diazide tetrol

Diazide tetraacetate 96 (0.45 g, 1.05 mmol) wasdiyded with NH in absolute
MeOH to give diazide tetrol 97 (0.25 g, 92%) browmscous. Anal.Calcd for
CgH14N6O4: C, 37.21; H, 5.46; found: C; 37.37; H, 5.12;
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'H-NMR (300 MHz, BO) & = 3.83 (m, 4H), 3.60 (m, 4H), 3.60 (m, 4H), 2.08, (
2H).

13C. NMR(75 MHz, BO) 6 = 67.9, 64.6, 59.7, 42.5.

IR (KBr, cm'); 3276, 2874, 2094, 1731, 1661, 1611, 1248, 10019, 881, 785,
747.

diamino tetrol

Diazide tetrol 97 (0.32 g, 1.24 mmol). and Pd (0m2@, 10% on activated carbon
powder) in absolute methanol (50 mL) was stirrexdd daydrogen was bubbled
through the solution and followed by stirring undedrogen to give diamino tetrol
98 (0.23 g, 88%) light brown, viscous. Anal.Calod €H;1sN.O,4: C, 46.59; H, 8.80;
found: C; 46.78; H, 8.72;

'H-NMR (300 MHz, BO) § = 3.65 (dd, j=11.7, 3.2 Hz, 2H), 3.55 (t, j=5.4,12H),
3.39 (dd, j=11.7, 4.7 Hz, 2H), 2.90 (d, j=4.7 HE{)11.89 (m, 2H).

13C- NMR(75 MHz, BO) 6 = 72.25, 60.1, 53.4, 42.5;

IR (KBr, cmi’); 3277, 2889, 1585, 1438, 1378, 998, 936, 684.



CHAPTER 5. CONCLUSIONS

In conclusion, Cyclitols concerning a large grodpnatural products are of great
importance due to their known and potential biatagiactivities as well as their
synthetic usefulness in the synthesis of otherrahtur pharmaceutical compounds.
Carbasugars known also pseudo-sugars form an iemastibclass of cyclitols and
are thought to be more potent drug candidates tlagural sugars as they are much
more stable towards hydrolysis. Moreover, these pmamds constitute the key
structural fragments of aminoglycoside antibiotensd are potential glycosidase
inhibitors, mediation of cellular communication wsell as antiviral agents. Amino-
carbasugars ammninocyclitols , their chemistry has greatly beteefifrom knowledge
acquired on the synthesis of carbohydrates andocgchc-derived compounds.
Hence, to develop new and efficient synthesis teadio cyclitols and their
derivatives is a field of interest. In other word&grious methodologies have been

developed for the synthesis of pure cyclitols drartanalogues.

Thus, the azido carbasugar (97) and the amino sagaa (98) were synthesized
succesfully from easily available and less expensitarting material (83) through
five or six steps with relatively high to moderatields in this study. The readily
available starting material (83), high yielding asireoselective steps make our
synthetic route more practicable and efficienttfoe synthesis of new analogues of
aminocyclitols. We assume that these compounds Imaag important biological
activities and can also be used prospectively faarmacological researches. The
studies of the biological activities of these comnpds are currently ongoing and will
be reported in due course.

Last of all, the diepoxide(Q) asthe key compound undergo regio- and stereospecific

epoxide ring opening with azide ion in EtOH to gthe corresponding azidocyclitol
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(91) and aminocyclitol (92) in good yields, and #teuctures were determined by
using spectroscopic techniques (IR,NMR and**C NMR).



CHAPTER 6. DISCUSSIONS AND SUGGESTIONS

In this thesis, the diepoxide furan (90) was used &ey compound for the synthesis
of various azido and amino carbasugars derivatiVes.diene (88) was subjected to

an epoxidation reaction for further functionalipatiof the diene unit.

The previously known diene 88 [5] was preparedive fsteps starting with the
addition of maleic anhydride to in situ generatedaldiene. The reduction of the
anhydride functionality in 83 followed by tosylatief diol 84 afforded the desired
tetrahydrofuran derivative 85. Bromination of tlesulting tetrahydrofuran, and 1,8-
biazabicyclo[5.4.0Jundec-7- ene (DBU) induced efiation furnished diene 88.
Addition of singlet oxygen to the diene moiety i@ &fforded bicyclic endoperoxide
89 as the sole product (Scheme 3.1). Unsaturateytllw endoperoxides can be
conveniently converted into the corresponding dxéghes with synconfiguration

by treatment with cobalt(ll) tetraphenylporphyri€@qTPP). The reaction of the
endoperoxide 89 with CoTPP at 0 °C resulted iféh@ation of bisepoxide 90 in
84% yield. The symmetrical structure was confirndthe *C NMR spectrum

consisting of four carbon resonances.

The bisepoxide 90 was subjected to sodium azidg-apening reaction in the
presence of Ethanol followed by acetylation withetaxc anhydride in pyridine

resulting in the formation of three separable maide diacetate (91) and diazide
diacetates (92) (one of them with a symmetricalcstre: 92) (Scheme 3.2).

The methodology detailed herein resulted in thevenient conversion of the diene
85 into various carbasugar derivatives (97 and BBg oxygen functionalities were
introduced by an epoxide-ring-opening reaction witkdium azide in the presence of

Ethanol. This methodology opens up also an enttheosynthesis of aminocylitols.
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These compounds will be used for biological studied may be readily served as
intermediates for synthesis of antibiotics.
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