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where•@Z•@is•@a•@structural•@unit•@such•@as•@a•@benzene•@ring•@in•@divinylbenzene•@and

a•@trimethylene•@unit•@in•@1•C6•|heptadiene•D•@The•@preferential•@occurrence•@of

intermolecular•@propagation•@leads•@to•@produce•@a•@linear•@polymer•@1•@with

pendant•@double•@bonds•D•@An•@intramolecular•@cyclization•@of•@the•@propagating

species•@with•@a•@double•@bond•@in•@the•@same•@recurring•@unit•@forms•@a•@cyclized

active•@species•D•@The•@altemating•@intra•|intermolecular•@propagations•@yield•@a

soluble•C•@gel•|free•@cyclopolymer•@2•@without•@residual•@unsaturation•D•@A•@decrease

in•@participation•@of•@the•@intramolecular•@cyclization•@introduces•@to•@the•@formation

of•@partially•@cyclized•@soluble•@polymer•D•@When•@the•@propagating•@species•@reacts

with•@a•@pendant•@double•@bond•@in•@the•@other•@recuning•@units•C•@cross•|linked•C

insoluble•@polymers•@are•@produced•D•@ln•@order•@to•@form•@the•@cyclopolymer•C

therefore•C•@it•@is•@important•@to•@control•@the•@relative•@reactivity•@of•@intra•@and

intermolecular•@reactions•D

•@•@•@•@Cyclopolymerization•@was•@found•@in•@the•@polymerization•@of•@diallyl

quatemary•@ammonium•@salts•@3•@by•@Butler2•E3•C•@which•@gave•@soluble•C•@uncross•|

linked•@polymers•@with•@little•@or•@no•@residual•@unsaturation•C•@The•@reaction

scheme•@is•@indicated•@in•@Scheme•@1•D2•D•@The•@polymer•@4•@contains•@rings•@along

Scheme•@1•@2
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@4

the•@linear•@chain•D•@The•@cyclopolymerization•C•@thus•C•@is•@an•@exception•@to•@the

genelally•@accepted•@principle•@that•@polymerization•@of•@noncorŠšugated•@dienes

leads•@to•@cross•|linked•C•@insoluble•C•@nonlinear•@polymers•D

•@•@•@•@Extensive•@works•@by•@Butler•C•@Marvel•C•@and•@other•@investigators4•|6•@indicated

that•@the•@ring•@size•@of•@the•@forming•@polymer•@has•@an•@effect•@on•@the•@relative

reactivity•@of•@intra•@and•@the•@intermolecular•@reactions•D•@Diene•@monomers

which•@are•@functionaHy•@capable•@of•@generating•@5•|or•@6•|membered•@rings
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almost•@invariably•@cyclopolymerize•D•@1•C6•|Dienes•@such•@as•@acrylic•@and

methacrylic•@anhydride•C•@methyl•@allyl•@maleate•C•@and•@1•C6•|heptadiene•C•@and•@1•C6•|

heptadiyne•@yield•@essentially•@the•@polymers•@with•@6•|membered•@rings•D6i9•@1•C5•|

Hexadiene•@and•@o•|divinylbenzene•@are•@the•@examples•@of•@1•C5•|dienes•@to•@give

the•@polymers•@consisting•@of•@5•|membered•@rings•DiO•E•h•@On•@the•@other•@hand•C•@the

cyclopolymerization•@tendency•@falls•@sharply•@for•@rings•@of•@more•@than•@six

atoms•D•@Thus•C•@the•@dienes•@forming•@medium•@and•@large•@rings•@need•@to•@be•@found

the•@reaction•@conditions•@increasing•@cyclopolymerization•@tendency•D

1•D2•@Crown•|TbTpe•@Compounds

1•D2•D1•@Crown•@Ethers•@and•@Related•@Compounds

•@•@•@•@Structural•@molecular•@complexation•@is•@central•@to•@biological•@phenomena•D

The•@structure•@of•@the•@simple•@compounds•@supplied•@by•@nature•@have•@long

inspired•@and•@challenged•@organic•@chemists•@to•@develop•@laboratory•@syntheses

of•@the•@same•@compounds•D•@A•@newer•@challenge•@provided•@by•@the•@biotic•@world

is•@the•@design•@and•@synthesis•@of•@abiotic•@systems•@that•@mimic•@some•@of•@the

properties•@of•@biotic•@systems•D•@Any•@response•@to•@this•@challenge•@depends

directly•@on•@an•@understanding•@of•@structural•@recognition•@in•@complexation•D

•@•@•@•@A•@complex•@is•@composed•@of•@two•@or•@more•@distinct•@molecules•@held

together•@in•@a•@definable•@structural•@relationship•D•@The•@structural•@recognition

in•@complexation•@depends•@on•@the•@degree•@of•@unique•@complementary
relationships•@between•@potential•@complexing•@partners•D•@In•@organic•@chemistry•C

the•@terms•@host•@and•@guest•@to•@name•@the•@complexing•@partners•@have•@evolved•D

A•@highly•@structured•@molecular•@complex•@is•@composed•@of•@at•@least•@one•@host

and•@one•@guest•D•@The•@host•@is•@defined•@as•@an•@organic•@molecule•@or•@ion•@whose

binding•@sites•@converge•@in•@the•@complex•D•@The•@guest•@is•@defined•@as•@a•@molecule

or•@ion•@whose•@binding•@sites•@diverge•@in•@the•@complex•D

•@•@•@•@The•@design•@and•@synthesis•@of•@hosts•@with•@the•@specificity•@of•@enzyme•@and

ion•@transport•@systems•@are•@particularly•@exciting•@possibilities•D•@A•@remarkable

progress•@along•@this•@line•@has•@been•@by•@three•@winners•@of•@1987•fs•@Nobel•@prize•C

Pederseni2•Ei6•C•@Lelmi3•Ei6•C•@and•@Cram•D•f•eˆêi6•@ln•@1967•C•@Pederseni•@2•@reported•@the

synthesis•@of•@the•@first•@crown•@ethers•@which•@particularly•@bind•@with•@alkali

metal•@ions•D•@The•@crown•@ethers•@were•@the•@cyclic•@hexaethers•@5•@and•@6•@which

have•@been•@simply•@called•@•m18•ncrown•|6•@and•@dibenzo•m18•ncrown•|6•D•@ln•@1969•C
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•@•@•@•@•@•@vov

6•F•@Dibenzo•m1•@8•nCrown•|6

Lehn•f3•@devised•@bridging•@of•@a•@monocyclic•@crown•@ether•@with•@an•@additional

oligoether•@chain•@to•@form•@so•@called•@cryptand•@7•D•@ln•@1974•C•@Cram•@newly

synthesized•@chiral•@crown•@compounds•@8•@capable•@of•@recognizing•@a•@chiral

guest•@and•@established•@the•@concept•@of•@•gHost•|Guest•@Chemistry•h•D•f5
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•@•“

•l7

‚­•j•i•½ r•q•E‚Ö1
•Cii•E

‚µ•B•v•hII

8

O•DIQ

•q•D1•„IQ

R

R

Rs•@•g•C

•C•C•C q•C•@Ri@R•C•g

•@Ri•@Rl
•@•@•@Ri

R

•h•f

q Rs•g

r•q•E‚Ö1
0•@•@•@•@•@0

R–L•@Rl
•@•@Ri

Rlo

tttl

q

4

”ô•c–|•E“å“å—Ù“å1“å•D“å•f
•@•@•@•@•@‚ï•@•@•@•@•@•@•@•@•@•@•@ƒn•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚º

•@•@•@•@•D•D•Dˆêˆê”’”’•E“ï•D1•–•E



ƒi

•@•@•@•@Hosts•@are•@open•|chain•C•@cyclic•C•@bicyclic•C•@or•@polycyclic•@compoundsthat

frequently•@contain•@repeating•@units•D•f7•h8•@The•@classic•@examples•@are•@polyethylene

glycols•@•mH•iOCH2CH2•j•DOH•n•@and•@polyethylene•@diamines
“c•iNHCH2CH2•jnNH2•n•C•@which•@when•@cyclized•@provide•@crowns•m•iCH2CH20•jn•n

and•@azacrown•@•m•iCH2CH2NHh•n•C•@respectively•D•@Cryptands•@were•@introduced

when•@polyethyleneoxy•@units•@were•@used•@to•@make•@bridges•@between•@nitrogen

bridgeheads•@in•@bicyclic•@and•@polycyclic•@hosts•D•@Spherands•@9•@are•@defined•@as

hosts•@conformationally•@organized•@prior•@to•@complexation•C•@and•@composed•@of

units•@much•@more•@rigid•@than•@those•@of•@crowns•@and•@cryptands•D•@Hemispherands

10•@contain•@contiguous•@rigid•@parts•@sufficient•@in•@number•@to•@dominate•@the

general•@shapes•@of•@hosts•D

1•E2•D2•@Crown•@Ethers•@on•@Polymers•f9

•@•@•@•@Crown•@ethers•@and•@other•@macroheterocyclic•@hosts•@have•@found•@application

in•@diverse•@fields•@of•@science•D•@These•@include•@phase•|trans•@fer•@catalysis20•C•@mediated

ion•@transport•@through•@solid•@and•@liquid•@membranes•C•@chromatographic

separation•@of•@ionic•@and•@neutral•@solutes•C•@mimicry•@of•@enzyme•@systems•@using

chiral•@crown•@ethers•@of•@cryptands•@with•@catalytic•@sites•C•@ion•|selective•@electrodes•C

chromogenic•@reagents•@for•@photometric•@analysis•@of•@metal•@ions•C•@etc•D•@For

many•@applications•C•@polymer•|bound•@crown•@ethers•@have•@been•@found•@very

usefu1•D•@For•@example•C•@it•@is•@necessary•@to•@anchor•@the•@crown•@ether•@to•@an

insoluble•@support•@like•@silica•@gel•@or•@a•@network•@polymer•@in•@phase•|transfer

catalysis•C•@ion•@transport•C•@and•@chromatographic•@separation•D•@Crown•@ethers

can•@be•@incorporated•@into•@linear•@polymers•@as•@components•@of•@the•@backbone

structure•@or•@as•@pendant•@moieties•@anchored•@to•@a•@polymer•@chain•D•@The

predoŒŒnant•@methods•@used•@for•@synthesizing•@polymers•@with•@crown•@ether
and•@cryptand•@units•@were•@the•@step•|growth•@polymerization2•h22•@of•@bifunctional

derivatives•@of•@crown•@ethers•C•@the•@chain•|growth•@polymerization23•fM•@of•@vinyl

derivatives•@of•@crown•@ethers•C•@and•@polymer•@analogous•@reactions25•@involving

crown•@ether•@derivatives•D•@Cyclopolymerization•C•@which•@does•@not•@need•@a

derivative•@of•@crown•@ether•@as•@monomer•C•@is•@a•@direct•@and•@facile•@method•C•@and

the•@crown•@ether•@units•@formed•@possess•@both•@characters•@of•@backbone

components•@and•@pendant•@moieties•@in•@the•@polymer•@chain•D
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1•D3•@lonophores

•@•@•@•@Ionophoresi7•@can•@be•@characterized•@as•@receptors•@which•@form•@stable•C

lipophilic•@complexes•@with•@charged•@hydrophilic•@species•@such•@as•@Na•f•C•@K•f•C

Ca2•f•@etc•D•@and•@thus•@are•@able•@to•@transport•@them•@into•@lipophilic•@phases•C•@for

example•C•@across•@natural•@or•@artificial•@membranes•D•@Metal•@ion•@complexes•@of

ionophores•@can•@be•@considered•@as•@host•|guest•@complexes•@in•@which•@the•@guest

entity•@is•@of•@spherical•@shape•@and•@entrapped•@in•@a•@cavity•|like•@structure•@formed

by•@the•@cyclic•@or•@open•|chain•@host•@molecule•D•@Very•@often•C•@the•@processes•@of

complexation•@and•@transport•@are•@highly•@specific•D•@Many•@of•@the•@ionophores

display•@the•@ability•@of•@discrimination•@between•@alkali•@metal•@ions•@of•@different

size•D•@Valinomycin•@11•@has•@a•@10•e•@times•@greater•@affinity•@to•@potassium•@than•@to

sodium•@ions•D

Scheme•@1•@•D5
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•@•@•@•@•@•@•@•@•@6

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@11

•@•@•@•@Valinomycin•@is•@a•@macrocyclic•@dodecadepsi•|peptide•@with•@12•@subunits

•ia•|amino•@and•@a•|hydroxy•|carboxylic•@acids•j•@which•@are•@cormected•@by•@alternate

peptide•@and•@ester•@bonds•C•@as•@shown•@in•@Scheme•@1•D5•C•@and•@thereby•@is•@not•@able

to•@adj•@ust•@itself•@to•@cations•@of•@different•@radius•D•@Whereas•@K•f•@is•@of•@optimum

size•@to•@fill•@the•@ligand•@cavity•C•@Na•f•@is•@too•@small•@to•@fully•@interact
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•CtlOH

with•@all•@the•@ester•@oxygen•D•@The•@exceptionally•@high•@K•f•@•^•@Na•f•@discrimination

displayed•@by•@valinomycin•@is•@unequaled•@by•@any•@other•@ionophore•D

•@•@•@•@On•@the•@other•@hand•C•@monensin•@12•@is•@a•@polyether•@antibiotic•@with•@a

terŒŒnal•@carboxy•@group•D•@The•@ion•@selectivities•@displayed•@by•@the•@polyether

antibiotics•@are•@somewhat•@lower•@than•@those•@of•@macrocyclic•@ionophores•C

according•@to•@the•@structural•@features•D•@In•@the•@complex•C•@the•@monensin•@anion

13•@is•@wrapped•@around•@the•@metal•@ion•@and•@held•@in•@the•@conformation•@as

indicated•@in•@Scheme•@1•D6•D•@The•@metal•@ion•@is•@entrapped•@in•@a•@hydrophilic

cavity•C•@while•@the•@exterior•@of•@the•@molecule•@is•@highly•@lipophilic•@thus•@fulfilling

the•@requirements•@for•@an•@effective•@transmembrane•@transport•D•@Monensin

appears•@to•@be•@a•@good•@example•@to•@demonstrate•@how•@a•@biological•@host

molecule•@utilizes•@a•@number•@of•@minor•@conformational•@changes•@in•@order•@to

rearrange•@its•@binding•@sites•@for•@optimum•@complex•@formation•@with•@a•@guest

entity•D

•@•@•@•@Crown•@ethers•C•@which•@are•@synthetic•@macrocyclic•@multidantates•C•@are

able•@to•@mimic•@effectively•@their•@natural•@counterpieces•D•@Examination•@of•@the

diameters•@of•@ligand•@cavities•@and•@of•@the•@diameters•@of•@alkali•@and•@alkaline

earth•@ions•C•@as•@given•@in•@Table•@1•D1•f7•C•@clearly•@shows•@that•@either•@the•@metal•@ions

too•@small•@to•@fill•@the•@cavity•C•@or•@too•@large•@to•@fit•@in•@it•C•@or•@it•@just•@meets•@the

cavity•@size•D•@•m12•nCrown•|4•@and•@Li•g•C•@•m15•ncrown•|5•@and•@Na•f•C•@and•@•m18•ncrown•|6

and•@K•g•@are•@well•@matched•D•@Because•@of•@their•@ability•@to•@take•@up•@ions•@and•@to

transfer•@them•@across•@a•@lipophilic•@medium•C•@these•@types•@of•@ligands•@also•@are
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llable•@1•D1•D•@lonic•@diameters•@and•@charge•@densities•@of•@alkali

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@and•@alkaline•@earth•@cations•C

•@•@•@•@•@•@•@•@•@•@and•@cavity•@diameters•@of•@crown•@ethers

Ion•@Ionic•@diameter•@Charge•@density•@Crown•@ether•@Cavity•@diameter

•@•@•@•@•@•@•@•@in•@A•@in•@Coulomb•^A3xlo20•@in•@A

•@Li•{

Na•f

•@•@K•{

Rb•{

•@Cs•f

Be2•{

Mgl•f

Ca2•{

Sr2•{

Ba2•{

1•D36

1•D90

2•D66

2•D96

3•D38

0•D70

1•D32

1•D98
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2•D68

12•D1
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•@•@0•D79
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26•D8
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•@•@5•D46

•@•@3•D17

•m12•ncrown•|4

•m15•ncrown•|5

•m18•ncrown•|6

•m21•ncrown•|7

1•D2•|1•D5

1•D7•|2•D2

2•D6•|3•D2

3•D4•|4•D3

ionophores•D

•@•@•@•@Polymeric•@crown•@ethers•@also•@act•@as•@an•@ionophore•D•@Synthesis•@of

macromolecular•@ionophore•C•@however•C•@has•@been•@limited•@to•@the•@incorporation

of•@crown•@ether•@units•@into•@the•@polymer•@and•@little•@attention•@has•@becn•@given

to•@the•@synthesis•@of•@the•@polyether•@ionophores•@consisting•@of•@tetrahydrofuran

and•@tetrahydropyran•@rings•D•@Therefore•C•@this•@subj•@ect•@has•@become•@of•@interest•D

1•D4•@Object•@and•@Outline•@of•@the•@Thesis

•@•@•@•@Generally•@speaking•C•@the•@cyclopolymerization•@tendency•@of
nonconjugated•@dienes•@falls•@sharply•@for•@rings•@of•@more•@than•@six•@atoms•D

Therefore•C•@the•@cyclopolymerization•@forming•@the•@polymer•@with•@medium

and•@large•@rings•@need•@to•@be•@devised•@the•@design•@and•@synthesis•@of•@dienes•D•@An

effective•@technique•@was•@presented•@by•@Yokota•@and•@his•@co•|workers•D26•@The

addition•@of•@alkylaluminium•@chlorides•@to•@the•@diene•@containing•@electropositive

and•@negative•@double•@bonds•C•@namely•C•@2•|allylphenyl•@acrylate•C•@caused•@a•@great
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Œ—4•vˆêˆêˆêˆê

increase•@in•@the•@cyclopolymerization•@tendency•D

This•@technique•@was•@extended•@to•@the
cyclopolymerization•@of•@higher•@homologues

of•@2•|allylphenyl•@acrylate•C•@which•@produced

polymers•@with•@cyclic•@units•@up•@to•@20•|membered

rings•D•@The•@polymerization•@which•@forms•@rings

and•@polymer•@chains•@at•@the•@same•@time•@was•@a

practical•@method•@for•@preparing•@polymers•@with

macrocyclic•@crown•@units•@such•@as
benzo•m16•ncrown•|5•C•@benzo•m19•ncrown•|6•@14•C•@and

benzo•|monothia•m16•nˆêcrown•|5•@units•@from
divinyl•@ethers•D

Scheme•@1•@•D7

0•@•@•@•@•@•@0
•q•Q•B•Bˆê•r

14
n

•@•@•@•@Thus•C•@cyclopolymerization•@of•@diepoxy•@compounds•@should•@be•@a•@useful

method•@of•@synthesizing•@poly•icrown•@ether•js•@with•@ether•@linkages•@also•@in•@the

polymer•@backbone•D•@Several•@reports•@have•@been•@published•@on•@the

cyclopolymerization•@of•@diepoxy•@compounds•@such•@as•@1•C2•|
bis•iepoxyethyl•jbenzene•C•@1•C2•C4•C5•|diepoxypentane•C•@1•C2•C5•C6•|diepoxyhexane•C

and•@N•C•@N•|bis•i2•C3•|epoxypropyl•janiline•D•@They•@are•@concerned•@with•@the

formation•@of•@rings•@containing•@five•@to•@seven•@ring•@atoms•D•@Until•@recently•C

however•C•@little•@attention•@was•@given•@to•@macroring•@formation•@from•@diepoxy

compounds•D•@The•@first•@obj•@ect•@of•@this•@study•C•@therefore•C•@is•@to•@attain•@a•@new

development•@in•@the•@cy•@clopolymerization•@of•@diepoxide•@and•@related•@compounds

and•@thereby•@in•@the•@synthesis•@of•@polymeric•@crown•@ethers•D

•@•@•@•@Synthetic•@macromolecular•@ionophore•@is•@limited•@to•@the•@type•@of•@crown

ether•D•@The•@ionophore•@belonging•@to•@the•@type•@of•@polyether•@can•@be•@found

only•@in•@two•@reports•D•@a•C•@tu•|Poly•icyclooxalkanediyl•j•C•@the•@first•@synthetic

polyether•@ionophore•C•@was•@synthesized•@through•@the•@ring•@expansion•@of•@the

oxiranes•@derived•@from•@the•@polymers•@of•@butadiene•@and•@cyclopentene•@by

SŒŒth•@et•@al•D27•@The•@obtained•@threoˆêƒ¿•CƒÖˆêpoly•i2•C6•|tetrahydrofuran•jdiyl•@15

possessed•@the•@binding•@ability•@with•@cations•C•@e•Dg•D•C•@Li•f•C•@Ba2•f•C•@and•@methylene

blue•@•iScheme•@1•D8•j•D•@ln•@addition•C•@Grubbs•@et•@al•Dos•@have•@reported•@that•@poly•i7•|

oxanorbornene•j•@16•@resulting•@from•@the•@metathesis•@polymerization•@binds

various•@cations•@containing•@methylene•@blue•@and•@rhodamine•@6G•@•iScheme

1•D9•j•D•@Unlike•@the•@crown•@ethers•C•@these•@acyclic•@ionophores•@form•@helical

conformers•@capable•@of•@varying•@their•@pitch•@and•@cavity•@size•@to•@optimize
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@15•F•@threo•|a•Ctu•|Poly•icyclooxalkane•jdiyl

Scheme•@1•@•C9

•@•@•@•@•@8R1Ž©žO—ÕMetathesis•@R•E

•@•@•@•@k•@ˆêILe•@NJ•ER2•@•f

7•|Oxa•gb•@icyclg•@•m2•@•C•C2•@•C•@1•n•@ˆê•E

hept•|5•|erie•@D•|erivativ
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multidentate•@coordination•@with•@a•@given•@cation•D•@This•@type•@of•@macromolecular

ionophore•@is•@of•@interest•@in•@connection•@with•@helical•@structure•@in•@the•@complex•D

The•@second•@object•@of•@this•@study•C•@therefore•C•@is•@to•@find•@a•@new•@synthetic

method•@of•@polyether•@ionophore•@via•@cyclopolymerization•D

•@•@•@•@The•@outline•@of•@this•@thesis•@is•@as•@follows•F

•@•@•@•@Chapter•@Z•@presents•@an•@introductory•@overview•@in•@order•@to•@clarify•@the

object•@of•@this•@thesis•D

•@•@•@•@Chapter•@2•@shows•@the•@cyclopolymerizations•@of•@diepoxides•@to•@synthesize

poly•i•m10•ncrown•|3•j•C•@poly•i•m16•ncrown•|5•j•C•@poly•idibenzo•m19•ncrown•|6•j•C•@and

poly•iheŒŒsperand•jand•@their•@cation•|binding•@abilities•D•@Three•@diepoxides

gave•@soluble•C•@gel•Eˆêfree•@poly•icrown•@ether•js•@without•@residual•@epoxy•@groups•D

Poly•iheŒŒspherand•j•C•@however•C•@possessed•@the•@mole•@fraction•@of•@the•@cyclic

units•@from•@O•D65•@to•@O•D75•C•@because•@of•@the•@structural•@crowd•@in•@the•@polymer•D

•@•@•@•@Chapter•@3•@offers•@the•@synthesis•@of•@poly•ithiacrown•@ether•js•@via

cyclopolymerization•@of•@diepisulfides•D•@Because•@sulfides•@are•@characterized

as•@soft•@donors•C•@poly•ithiacrown•@ether•js•@had•@the•@entirely•@different•@cation•|

binding•@characteristics•@from•@poly•icrown•@ether•js•D

•@•@•@•@Chapter•@4•@deals•@with•@the•@synthesis•@of•@optically•@active•@poly•icrown

ether•js•D•@Chiral•@diepoxides•@were•@caused•@the•@regioˆê•@and•@f•@tereospecific

polymerization•@to•@yield•@poly•m•iR•C•@R•jˆêdibenzo•m19•ncrown•|6•n•@and•@poly•m•iS•C•@S•jˆê

dibenzo•m19•ncrown•|6•n•C•@which•@exhibit•@chiral•@recognition•@ability•@toward

racemicƒ¿ˆêaŒŒno•@acid•D

•@•@•@•@Chapter•@5•@describes•@a•@new•@family•@of•@macromolecular•@ionophores

which•@belongs•@to•@polyether•@ionophore•@consisting•@of•@a•@linear•@array•@of

tetrahydrofuranyl•@rings•D•@The•@cyclopolymerization•@of•@diepoxide•C•@namely•C

1•C2•F5•C6•|dianhydro•|3•C4•|di•|O•|ethyl•|D•|mannitol•C•@gave•@poly•m•i1ˆê•j6•jˆê2•C5•|

anhydroˆêˆê3•C4•|di•|O•Eˆêethyl•|D•|glucitol•n•C•@which•@would•@effectively•@bind•@various

sizes•@of•@cations•@in•@the•@helical•@cavity•D

•@•@•@•@The•@concluding•@chapter•@6•@summarizes•@the•@results•@in•@this•@study•D
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1985•C•@6•C•@155•D•@•ib•@Yokota•C•@K•D•G•@Matsumura•C•@M•D•G•@Yamaguchi•C•@K•D•G•@Takada•C•@Y•D

Makromol•D•@Chem•D•@Rapid•@Commun•D•@1983•C•@4•C•@721•D

Schultz•C•@W•D•@J•D•G•@Etter•C•@M•D•@C•D•G•@Pocius•C•@A•D•@V•D•G•@Smith•C•@S•D•@•v•D•@Am•D•@Chem•D•@Soc•D

1980•C102•C•@7982•D

Novak•C•@B•D•@M•G•@Grubbs•C•@R•D•@H•D•@•v•D•@Am•D•@Chem•D•@Soc•D•@1988•C•@110•C•@960•D
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•C•C•D•D•C•g•e•C•Cbˆê

Syntheses•@of
Hemispherand
Diepoxides

Polymers•@with•@Crown•@Ether•@and
Units•@via•@Cyclopolymerization•@of

•@•@•@•@Crown•@ether•@units•@have•@been•@introduced•@into•@the•@polymer•@chain•@by

various•@methods•D•f•@Since•@cyclopolymerizations•@form•@rings•@and•@polymer

chain•@at•@the•@same•@time•C•@polymers•@with•@crown•@ether•@units•@are•@readily

prepared•@by•@means•@of•@an•@appropriate•@molecular•@design•D•@Yokota•@and•@his

co•|worker2•@have•@synthesized•@the•@polymer•@with•@benzo•m19•ncrown•|6•@14•@units

via•@cyclopolymerization•@of•@divinyl•@ether•D•@Thus•C•@the•@cyclopolymerization

of•@diepoxy•@compounds•@should•@be•@a•@facile•@method•@of•@synthesizing•@poly•icrown

ether•js•@with•@ether•@linkages•@also•@in•@the•@polymer•@backbone•D•@This•@chapter

describes•@the•@syntheses•@of•@poly•icrown•@ether•js•@and•@poly•ihemispherand•j

using•@cyclopolymerization•@of•@diepoxides•@and•@their•@cation•|binding•@properties

of•@resultiŽM9•@Polymers•D

2•D1•@Cyclopolymerization•@of•@Diepoxides

•@•@•@•@Several•@reports•@have•@been•@published•@on•@the•@cyclopolymerization•@of

diepoxy•@compounds•D•@Aso•@and•@his•@co•|worker3•@reported•@on•@the•@polymerization

of•@1•C2•|bis•iepoxyethyl•jbenzene•@17•@and•@1•C2•F5•C6•|diepoxyhexane•@19•D•@The

properties•@of•@polymers•@18•@and•@20a•@suggested•@the•@polymerƒZation•@mechanism

to•@yield•@soluble•@polyethers•@with•@tetrahydrofuran•@recurring•@units•C•@as•@shown

in•@Scheme•@2•D1•D•@StŽMl•@et•@al•D4•E5•@also•@was•@obtained•@the•@similar•@results•@on•@the

polymerizations•@of•@1•C2•F5•C6•|diepoxyhexane•@l•@g•@and•@1•C2•F4•C5•|diepoxypentane

21•D•@Bauer6•@have•@proposed•@that•v•`L•vV•|bis•i2•C3•|epoxypropyl•janiline•@23

undergoes•@cyclopolymerization•@to•@give•@soluble•@polymers•@containing•@2•C4•C6•|

substituted•@morpholindiyl•@unitsƒ³olymer•@24•jusing•@potassium•@t•|butoxide
•@•@‚è•@•@•@•@‚ä•@•@•@•@

as•@lnltlator•D

•@•@•@•@They•@are•@concerned•@with•@the•@formation•@of•@rings•@containing•@five•@to

seven•@ring•@ato‡o•EUntil•@r‡tently•C•@however•C1ittle•@attention•@was•@given•@to

macrocycles•@fbrmation•@from•@diepoxy•@compounds•D•@This•@chapter•@described

the•@cyclopolymerizations•@of•@1•C2•|bis•i2•C3•|epoxypropoxy•jbenzene•@25•C
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Scheme•@2•D1

o o

17

•@•@•@•@•@•@•@•@•@•@0

•@•@•@•@•@•@19

o o

o
18

20a

o

n

•@•@n
O

•@•@n
0

20b

•@•@•@•@21

ˆêˆê•Eˆê•Eˆêˆê•Eˆêˆêˆêˆêˆê•E
jp•jˆê

•B

22

•@•@n
O

23

R•j•^•~o

24
n

1•C2•|bis•m2ˆê•i2•C3•|epoxypropoxy•jethoxy•nbenzene•@26•C•@5•C6•F14•C15•|dibenzo•|

1•C2•F18•C19•|diepoxy•|4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@27•C•@and•@2•C6•|

bis•@•m•@3ˆê•@•i4•C5ˆê•@epoxyˆê•@2ˆê•@oxapentyl•jˆê•@2•|methoxy•|5•|methylphenyl•nˆê4•|methyl•|

anisole•@28•@capable•@of•@forming•@10•|21•|membered•@rings•C•@as•@shown•@in•@Scheme

2•D2•C•@and•@the•@cation•|binding•@characteristics•@of•@the•@resulting•@poly•icrown

ether•js•@and•@poly•ihemispherand•j•D
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Scheme•@22

‚µ•r•E•„o•@•@•@•@•@•@•@•@•@•@•@•@o•„•f‚­•v
•@•@•@•@•@•@•@6

•@•@•@•@•@•@•@•@•@25

U0v•hNo•|Ax•qao

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@26

OL•„•~•D0

27

•Dr•„•D‚Ö•E

QCH3•@QCH3•@PCH3

CH3 CH3
28

CH3

o•I•_ƒR
•@•@•@•@•@•@o

2•D2•@Synthesis•@of•@Poly•illO•ncrown•|3•j

2•D2•D1•@Preparation•@of•@1•C2•|Bis•i2•C3•|epoxypropoxy•jbenzene

•@•@•@1•C2•|Bis•i2•C3•|epoxypropoxy•jbenzene•@25•@was•@prepared•@according•@to

the•@procedure•@reported•@by•@Stepheson•f•C•@as•@shown•@in•@Scheme•@2•D3•D

•@•@•@1•C2•|Benzenediol•@•icatechol•j•@29•@was•@reacted•@with
1•|chloro•|2•C3•|epoxypropane•@•iepichlorohydrin•j•@30•@in•@the•@presence•@of
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Scheme•@2•D3

•@•@•@•@•@•@•@•@•@•@•@•@•@H

•@•@•@•@OH

•E•_•l•IC1

o•I
•@•@•@•@OH
•@31

•@•@•@•@KOH

in•@EtOH•@at•@o•BC

ov•f•qlo

o•I•_ƒR
•@•@•@•@•@•@0
25

piperidine•@hydrochloride8•@for•@34•@days•@at•@room•@temperature•@to•@obtain

1•C2•|bis•i3•|chloro•|2•|hydroxypropyl•jbenzene•@31•D•@When•@the•@compound

obtained•@was•@treated•@with•@potassium•@hydroxide•@in•@absolute•@ethanol•@at•@O

OC•C•@condensation•@of•@the•@hydroxyl•@group•@with•@the•@chloride•@was•@accompanied

by•@ring•@closure•C•@thereby•@producing•@1•C2•|bis•i2•C3•|epoxypropoxy•jbenzene•@25

as•@a•@white•@powder•D

•@•@•@•@The•@Stephenson•fs•@method•@needs•@a•@long•@time•@of•@34•@days•@for•@the

reaction•D•@When•@the•@higher•@reaction•@temperature•@in•@the•@range•@from•@70•@to

90•@OC•C•@therefore•C•@was•@used•@for•@a•@modification•@of•@the•@procedure•C•@the

reaction•@led•@to•@2•|hydroxymethylbenzodioxane9•@as•@a•@main•@product•D•@This

compound•@was•@formed•@from•@2ˆê•i2•C3•|epoxypropoxy•jphenol•@that•@is•@a•@mono•|

substituted•@intermediate•@of•@29•D•@The•@phenolic•@hydroxy•@and•@the•@epoxy

groups•@easily•@react•@with•@each•@other•C•@thus•@yielding•@a•@1•C4•|dioxane•@derivative•D

Although•@being•@only•@89e•@in•@the•@reaction•@at•@100•@O•@C•C•@the•@yield•@of•@31

increases•@to•@90•“•@for•@40•@days•@at•@room•@temperature•C•@as•@indicated•@by

Bartulin•@et•@al•DiO•@A•@minor•@product•C•@1•C2•|bis•i2•|hydroxy•|3•|
ethoxypropoxy•jbenzene•C•@was•@found•@by•@ring•@closure•@of•@31•@with•@potassium

hydroxide•@in•@ethanol•C•@resulimg•@from•@an•@additional•@reaction•@of•@25•@with

ethanol•D

•@•@•@The•@IR•@spectrum•@of•@25•@showed•@the•@characteristic•@absorption•@bands

corresponding•@to•@ring•@vibration•@of•@the•@epoxy•@group•@at•@841•@and•@905•@cm•fi•D

The•@•fH•@NMR•@spectrum•@of•@25•@showed•@two•@double•|doublet•@signals•@at•@2•D56
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•Ci•Ciii•D•Di•D•Eˆêˆêˆê

•iIH•j•@and•@2•D69•@•iIH•j•@ppm•@assigned•@to•@the•@epoxy•@methylene•@protons•@and•@a

multiplet•@one•@•i3H•j•@to•@the•@epoxy•@methine•@proton•D•@The•@i•Ž•@NMR•@spectrum

of•@25•@presents•@the•@characteristic•@signals•@of•@epoxy•@ring•@carbons•@at•@50•D27

•imethine•@carbon•j•@and•@44•D65•@ppm•@•imethylene•@carbon•j•D•@An•@elemental•@analysis

was•@ideRtified•@as•@the•@expected•@compound•D

2•D2•D2•@PoRymerization•@of•@1•C2•|Bis•i2•C3•|epoxypropoxy•jbenzene

•@•@•@•@Some•@typical•@results•@of•@polymerization•@of•@25•@with•@Lewis•@acids•@are

given•@in•@Table•@2•D1•D•@A•@solvent•@effect•@similar•@to•@that•@in•@usual•@cationic

•@•@•@•@•@•@•@•@•@•@•@•@•@•@Table•@2•D1•D•@Polymerization•@of

1•C2•|bis•i2•C3•|epoxypropoxy•jbenzene•@with•@Lewis•@acidsa

Initiator Solvent •mMonomer•n•@•^•@•mlnitiator•n

•@•@•@in•@molar•@ratio

Time
in•@h

Yield

inO•^o

SnC14
SnCla
SnCla
SnC14

SnC’p
BF3eOEt2
BF3eOEt2

C2HsNO2
CICH2•iH2Cl
CH2C12
C6ˆŸ–Ú•@CH3

CH2C12
ca2C12
CH2C12

20
20
20
20

200
200
20

O•D17

0•D33

0•D33

0•D17

48
48
48

58e1

80•D5

65•D5

38•D4

5•D0

57•DOb

70•D6

a•@•mMonomer•n••O•D5•@moleL•fi•G•@temp•C•@ˆê30•@OC•D

b•@Extent•@of•@cyclization•C•@f•D••68•D6910•D

polymerizations•@is•@found•D•@The•@polymerization•@rate•@increases•@with•@increasing

dielectric•@constant•@of•@solvents•@from•@toluene•@•iE••2•D3807•j•@to•@nitroethane

•iE••28•D06•j•D•@ln•@toluene•@and•@nitroethane•C•@the•@polymerizations•@proceeded

heterogeneously•@and•@the•@resulting•@polymers•@were•@partly•@soluble•@in

chloroform•@and•@swelled•@in•@p•|chlorophenol•D•@The•@polymers•@obtained•@in

1•C2•|dichloroethane•@and•@dichloromethane•@were•@very•@soluble•@in•@chloroform•D

The•@i•@H•@NMR•@spectra•@of•@these•@polymers•@lost•@the•@absorption•@due•@to•@epoxy
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function•C•@but•@alternatively•@appeared•@those•@due•@to•@oxymethylene•C•@as•@shown

in•@Figure•@2•D1•D

4•C5

OL•„•~ˆê•Z

•@•@•@•@•@•@•@•@•@•@5

•ia•j

3

1

2

•ib•j

•ic•j

7

Figure•@2•D1•D

benzene•@25
BF3eOEt2•D

•@•@•@•@•@•@•@•@•@•@6•@ppm

•fH•@NMR•@spectra•@of•@•ia•j

and•@polymers•@preparing

3

1•C2ˆê•i2•C3•|epoxypropoxy•jˆê

with•@•ib•j•@SnC14•@and•@•ic•j
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Table•@2•D2•D•@Effect•@of•@reaction•@conditions•@on•@molecular•@weights

•@•@•@•@•@•@•@•@of•@poly•m1•C2•|bis•i2•C3•|epoxypropoxy•jbenzene•na

Polymer
Polymerization

•@•@•@system Yield

in•@•“

M•DW•D

by•@VPob

M•DW•D

by•@GPC

BF3•DOEt2•^CH2C12

BF3•DOEt2•^CH2C12
SnCWCH2C12

57•Dff

70•D6d

63•D7d•Ee

1•C700

3•C020

•@1•E630•h1a750
•@•@pvvv•@•Dˆê•h

2•D•@100•|1•@1•D500
•@•j•DˆêVV•@L•DLp

3•D500•|19•D000
•@7VVV•@ˆêˆêe

a•@•mMonomerl••O•D5•@moleL•|i•D

b•@VPO•@was•@measured•@in•@benzene•D

C•@•mlnitiator•n••0•D005•@mol•DL•f•D

d•@•mlnitiator•n••O•D05•@moleL•fi•D

e•@The•@polymer•@was•@insoluble•@in•@benzene•D

•ia•j •ib•j
19•C000•@3•C500

1

3•C300•@2•C100

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@–••@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A•@•@•@•@•@•@•A•Aˆê•`•`
•¤ƒT•OƒY•[ƒm

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@6

•@•@•@•@•@•@•@•@ˆê•Aˆê•@•@ƒS•[•[•[11•Cƒn•[1•è•[•[

•@•@•@•@•@•@•@•@•p•[•[•[•[•[1ˆê•A•C•C•[•[•[•f

•I
•I

Lˆêˆê•Dˆêˆêˆêˆê•Dˆêiˆêˆêˆêˆêˆê•gLˆêˆêˆêˆêˆêˆê•D•Diˆê•Dˆêˆêˆêˆêaˆêˆêˆêˆêˆê•D•DˆêˆêˆêLˆê•DˆêˆêˆêˆêL•Dˆê

S•@•@•@10 20•@30•@40
•@•@•@•@count

50 60•@S 10 20 •@30•@40
count

50 60

Figure•@2•D2•D•@GPC•@profiles•@of•@the•@polymers•@obtained•@by•@•ia•j

BF3eOEt21CH2C12•@and•@•ib•j•@SnC14•^CH2C12•@systems•D
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•C•Cii•D•jˆê•C•e•jˆêˆêˆê

•@•@•@•@A•@variety•@of•@Lewis•@acids•@were•@used•@for•@polymerization•D•@Aluminium

bromide•@hardly•@occurred•@the•@polymerization•D•@Boron•@trifluoride•@etherate

was•@effective•@for•@the•@polymerization•@in•@homogeneous•@system•D•@The•@polymer

obtained•@possesses•@some•@residual•@epoxy•@functions•@and•@the•@extent•@of

cyclization•@is•@O•D686•@which•@was•@determined•@by•@the•@relative•@peak•@areas•@in

the•@NMR•@spectrum•D

•@•@•@•@The•@molecular•@weight•@of•@the•@polymers•@was•@estimated•@by•@a•@vapor

pressure•@osmometry•@•iVPO•j•@and•@a•@gel•@permeation•@chromatography•@•iGPC•j•D

Table•@2•D2•@shows•@a•@satisfactory•@agreement•@in•@both•@measurements•D•@All•@the

polymers•@possess•@the•@molecular•@weight•@ranging•@from•@1•C600•@to•@3•C000•D•@The

polymers•@obtained•@by•@BF3eOEt2•^CH2C12•@and•@SnCla•^•@CH2C12•@systems

indicated•@the•@GPC•@profiles•@with•@bimodal•@distributions•D•@The•@result

shows•@a•@complicating•@feature•@in•@this•@polymerization•D

•@•@•@•@The•@polymerization•@with•@Vandenbergii•@catalyst•@consisting•@of

triethylaluminium•C•@water•C•@and•@acetylacetone•@•imolar•@ratio•@2•^1•^1•j•@gave

polymers•@only•@at•@the•@temperature•@more•@than•@30•@OC•C•@as•@indicated•@in•@Table

2•D3•D•@The•@polymers
obtained•@are•@white•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Table•@2•D3•D•@Effect•@of•@temperaturea

powders•C•@which•@are
soluble•@in•@p•|chlorophenol

and•@swells•@in•@chloroform

and•@dichloromethane•D•@The

IR•@spectrum•@of•@the
polymer•@indicates•@the
absence•@of•@epoxy•@groups

showing•@absorptions•@at
858•@and•@912•@cm•fi•@and•@the

perfect•@cyclization•@is
recognized•@by•@the•@iH•@and

i•Ž•@NMR•@spectra•@as•@well•D

The•@extent•@of•@cyclization•C

therefore•C•@is•@1•D0•D

m•B‰•‡q Yield

in•@•“

n6103 32•D5

24•D1

23•D1

4•D0

a•@TheVandenberg•@catalyst•C•@2AIEt3•@•^H20•^acetylacetone•G

solvent•C•@toluene•G•@•mMonomer•n••O•D5•@moleL•h•G

•mMonomer•n•^•mlnitiator•n•@molar•@ratio••10•G•@time•C•@24•@h•D

•@•@•@•@The•@data•@of•@the•@polymerization•@with•@a•@triisobuthylaluminium•|water

catalyst•@was•@shown•@in•@Table•@2•D4•D•@The•@polymerization•@system•@is
homogeneous•@at•@30•@and•@60•@OC•C•@but•@is•@heterogeneous•@at•@O•@OC•C
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Table•@2•D4•D•@Polymerization•@of

1•C2•|bis•i2•C3•|epoxypropoxy•jbenzene•@with•@Al•ii•|Bu•j3•|H20•@catalysta

Temp•D
in•@OC

Time
in•@h

Yield

in•@90

00AU •s•v‚­•v•sƒ]
25•D3

27•D1

30•D8

a•@•mMonomer•n••O•D5•@moleL•gi•G•@•mMonomer•n•@•^•@•mlnitiator•n•@molar•@ratio••10•G•@solvent•C•@toluene•D

2•D2•D3•@Structure•@of•@Poly•iŒû0•ncrown•E3•j

•@•@•@•@Illuminati•@et•@al•Di2•@have•@revealed•@that•@oxygen•@atom•@effects•@arising•@from

the•@replacement•@of•@a•@methylene•@group•@with•@an•@oxygen•@atom•@are•@found•@to

facilitate•@ring•@closure•@on•@the•@formation•@of•@aromatic•@ethers•@via•@intramolecular

Williamson•@synthesis•D•@A•@significant•@oxygen•@atom•@effect•@caused•@a•@cyclization

reaction•@to•@occur•@more•@readily•@in•@the•@cyclopolymerizations•@of•@acrylates

and•@methacrylates•@containing•@oligooxyethylene•@units•@in•@the•@10ˆê•@to•@20•|

membered•@ring•@region•Di3•@Divinyl•@ethers•@having•@oxyethylene•@bonds•@led•@to

the•@perfectly•@cyclized•@polymers•@consisting•@of•@13ˆê•@and•@19•|membered•@crown

rings•D2•pi4

•@•@•@•@The•@cyclopolymerization•@of•@diepoxide•@25•@consumed•@all•@the•@epoxy

functions•@to•@form•@soluble•@and•@gel•|free•@polymers•@even•@at•@high•@conversions

as•@well•D
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•mlnitiator•n••O•D05•@moleL•f•G•@solvent•C•@toluene•D

b•@Measured•@inp•|chlorophenol•@at•@50•@OC•D
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i•CP•E•E•h•f

•I

•@•@•@•@Both•@the•@polymers•@obtained•@with•@cationic•@and•@coordination•@catalysts

showed•@the•@IR•@spectra•@which•@have•@no•@absorption•@due•@to•@the•@epoxy•@group

at•@858•@and•@912•@cm•fi•D•@The•@•fH•@and•@i•@3C•@spectra•@also•@gave•@the•@similar•@results•D

Figure•@2•D5•@shows•@the•@iH•@NMR•@spectra•@of•@26•@and•@the•@polymers•@prepared

with•@tin•irv•j•@chloride•@and•@the•@Vandenberg•@catalysts•D•@According•@as•@the

R•E•C•C•@•C•A•EHB•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•ia•jH•E•HH•E•@•@•@•@•@•@•@•@•@•@•@HA

@•@•@•@•@•@Hx

HB

5 4 3 2
6•@ppm

Figure•@2•D5•D•@Partial•@•fH•@NMR•@spectra•@of•@•ia•j•@1•C2•|bis•m2ˆê•i2•C3•|

epoxypropoxy•jethoxy•nbenzene•@26•@and•@the•@polymers•@preparing
with•@•ib•j•@SnC14•@and•@•ic•j•@the•@Vandenberg•@catalysts•D

32

‰º“ås
•@•@•@‹T•f“Ê•e•D•X

•@•@“å—H—H
‹»



•@

1

progress•@of•@polymerization•C•@the•@characteristic•@resonances•@at•@2•D62•C•@2•D78•C

and•@3•D19•@ppm•C•@due•@to•@the•@methylene•@and•@the•@methine•@protons•@of•@the

epoxide•C•@disappeared•@together•@with•@an•@alternative•@appearance•@of•@the

resonances•@at•@3•D6•@ppm•@due•@to•@the•@oxymethylene•@protons•D•@Figure•@2•D6•@shows

the•@i•Ž•@NMR•@spectra•@of•@26•@and•@the•@polymer•@prepared•@by•@cationic

0•@7•@0
•B‚¢•B•^•_•ƒ•I
•@•@•@•@•@•@•@•@•@•@•@•@o
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2•@1 •ia•j

äŠ
ƒ³•†

8 o‚Ì

äŠƒ³
•ib•j
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•@•@•@•@•@•@•@•@•@•@t50•@100
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@6•@ppm

Figure•@2•D6•D•@i•fC•@NMR•@spectra•@of•@•ia•j•@26

prepared•@by•@cationic•@polymerization•D

50

and•@fo•j•@the•@polymer
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pm•b•|T•m•û•|•f•w•f•u

polymerization•D•@The•@polymer•@gave•@the•@spectra•@in•@which•@the•@resonances

of•@epoxy•@group•@at•@44•D19•@and•@50•D81•@ppm•@disappeared•@and•@three•@absorptions

due•@to•@aromatic•@carbons•@broadened•@with•@somewhat•@upperfield•@shift•D•@The

latter•@observation•@may•@be•@dependent•@upon•@the•@conformation•@of•@oxyethylene

unit•@in•@the•@polymer•D

•@•@•@•@Since•@all•@epoxy•@groups•@participate•@in•@the•@polymerization•@forming

soluble•@and•@gel•|free•@polymers•@even•@at•@high•@conversions•C•@the•@resulting

products•@should•@contain•@cyclic•@constitutional•@units•@according•@to•@the

cyclopolymerization•@mechanism•D

Scheme•@2•D9

‚®•B•B•p

n
41a

•@0•@•@•@•@•@•@•@0•@0•@•@•@•@•@•@0
—æ‚­•E–Æ

26

a•Cfir
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2•D3•D3•@Structure•@of•@Poly•i•m16•ncrown•|5•j

•@•@•@•@As•@described•@in•@section•@2•D2•D2•C•@the•@ring•@opening•@of•@26•@in•@the

intramolecular•@propagation•@may•@involve•@additions•@due•@to•@a•C•@aˆê•@or•@P•C6•|

scissions•@leading•@to•@16•|membered•@rings•@•ipolymer•@41b•j•C•@whereas•@a•C6•|

and•@P•C•@a•|scissions•@should•@induce•@intramolecular•@additions•@producing•@17•|

and•@15•|membered•@rings•@•ipolymer•@41a•@and•@c•j•C•@respectively•@•iScheme•@2•D9•j•D

The•@polymer•@obtained•@with•@ordinary•@acid•@catalysts•@may•C•@therefore•C•@represent

a•@mixture•@of•@the•@three•@cyclic•@structures•D•@On•@the•@other•@hand•C•@the•@polymer

prepared•@with•@the•@Vandenberg•@catalyst•@contains•@essentially•@16•|membered

rings•@i•De•D•@benzo•m16•ncrown•|5•@units•D

2•D4•@Synthesis•@of•@Poly•idibenzo•m19•ncrown•|6•j

•@•@•@•@Diepoxide•@suitably•@designed•@undergo•@cyclopolymerization•@to•@give

linear•@polymers•@containing•@cyclic•@structural•@units•D•@1•C2•|Bis•i2•C3•|

epoxypropoxy•jbenzene•@25•@and•@1•C2•|bis•m2ˆê•i2•C3•|epoxypropoxy•jˆê
ethoxy•nbenzene•@26•@are•@adequate•@for•@this•@purpose•C•@which•@gave•@the•@polymers

containing•@benzo•m10•ncrown•|3•@and•@benzo•m16•ncrown•|5•C•@respectively•D•@Thus•C

the•@cyclopolymerization•@of•@diepoxide•@is•@a•@facile•@method•@of•@synthesizing

poly•icrown•@ether•js•@with•@ether•@linkages•@in•@the•@polymer•@backbone•D•@The

method•@arouses•@additional•@interest•@in•@forming•@the•@polymer•@with•@dibenzo•|

crown•@units•D•@in•@this•@section•C•@the•@cyclopolymerization•@is•@extended•@to•@the

study•@in•@the•@polymerization•@of•@5•C6•F18•C19•|diepoxy•|4•C7•C10•C13•C16•|pentaoxa•|

nonadeca•|5•C14•|diene•@27•D

2•D4•D1•@Preparation•@of•@5•C6•G14•C15•|Dibenzo•|1•C2•G18•C19•|diepoxy•|

4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene

•@•@•@•@The•@condensation•@of•@1•C2•F10•C11•|dibenzo•|1•C11•|dihydroxy•|3•C6•C9•|

trioxaundeca•|1•C10•|diene•@422i•@with•@1•|chloro•|2•C3•|epoxypropane•@30•@was

carried•@out•@at•@60•@OC•@in•@the•@presence•@of•@piperidine•@hydrochloride•D8•@ln•@the

reaction•@of•@1•C2•|benzenediol•@29•@with•@30•@at•@this•@temperature•C•@a•@main•@product

was•@not•@1•C2•|bis•i2•C3•|epoxypropoxy•jbenzene•@25•C•@but•@2•|
hydroxymethylbenzodioxane•D•@An•@intermediate•C•@2ˆê•i2•C3•|
epoxypropoxy•jphenol•C•@easily•@caused•@intramolecular•@cyclization•@to•@form•@a
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6•|memberedŒŒg•D•@In•@the•@case•@of•@42•Cthe•@undesired•@side•|reaction•@is•@eliminated•C

because•@the•@intramolecular•@cyclization•@hardly•@forms•@a•@15•|membered•@ring•C

and•@thereby•@the•@condensation•@at•@this•@temperature•@gave•@a•@good•@yield•@of

bischlorohydrin•@43•@•D•@By•@treatment•@in•@alcoholic•@potassium•@hydroxide•@solution

at•@ˆê10•@OC•C•@bischlorohydrin•@43•@was•@converted•@to•@5•C6•F14•C15•|dibenzo•|

1•C2•F18•C19•|diepoxidy•|4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@27

•iScheme•@2•D10•j•D

Scheme•@2•C10

OH HO

o•@•@•@•@•@•@o

42

•@•@•@•@•@•@•@•@•@•@•@N•D•f•he•@Hcl

•@•@•@•@•@•@•@•@•@•@•@H

•@‡pƒ¿‚­ƒg•s•B•ECI
•qSS•GOH

‡d•E•_ƒm

43

KOH
•@•@•@•@•@•@ƒŒ
in•@EtOH

•@•@•@•@•@•@LoV

27

•@•@•@The•@monomer•@used•@for•@the•@polymerization•@is•@a•@mixture•@of•@three

optical•@isomers•@which•@are•@difficult•@to•@separate•@•iScheme•@2•D11•j•D•@The•@optically

pure•@isomers•C•@•iR•C•@R•jˆê27•@and•@•iS•C•@S•jˆê27•C•@will•@be•@described•@in•@chapter•@4•D

2•D4•D2•@Polymerization•@of•@5•C6•G14•C15•|Dibenzo•|1•C2•G18•C19•|diepoxy•|

4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene

•@•@•@Cationic•@polymerization•@of•@27•@was•@carried•@out•@with•@tin•iJV•j•@chloride•C

boron•@trifluoride•@etherate•C•@and•@the•@Vandenberg•@catalyst•D•@Some•@results•@of

polymerization•@are•@listed•@in•@Table•@2•D8•D•@All•@the•@polymerizations•@proceeded
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Scheme•@2•C11

O•H•CiiH•@O•H•Ei•CH
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•iS•CS•jˆê27
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•@•@•@•@•@o

•iR•CR•jˆê27

oe•CiiH•@otr•D•@H

L•„o•_ƒm

meso27

•@•@•@•@•@Table•@2•D8•D•@Cyclopolymerization•@of
5•C6•G14•C15•|dibenzo•|1•C2•G18•C19•|diepoxy•|4•C7•C10•C13•C16•|

•@•@•@•@•@•@•@•@pentaoxanonadeca•|5•C14•|diene

Initiatora Solvent •@•@•mM•n•@Temp•DTime•@Yield•@f•Cb•@M•DC•@n•Cofc

in•@moleL•h•@in•@OC•@in•@h•@in•@•“•@in•@•“•@in•@dL•^g

SnCla

BF3eOEt2

Vandenberge

C2HsNO2•@O•D5
•@•@•@•@•@•@•@•@0•D4

•@•@•@•@•@•@•@•@0•D3

•@•@•@•@•@•@•@•@0•D2
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15•D3

2100
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O•D07d

1•D11f

a•@•mMonomer•n•@•^•@Ilnitiator•n•@molar•@ratio••10•D

b•@Extent•@of•@cyclization•@determined•@by•@•fH•@NMR•@spectra•D

C•@Estimated•@by•@GPC•@using•@poly•istyrene•j•@as•@standard•D

d•@c••O•D26•@g•DdL•fi•@in•@p•|chlorophenol•@at•@50•@OC•D

e•@AIEt3•@•^•@H20•@•^•@acetylacetone•C•@molar•@ratio•@2•F1•F1•D

f•@c••O•D27•@gedLˆê•f•@in•@p•|chlorophenol•@at•@50•@OC•D
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•j•C•C•C•C•D•D•DˆêptF

4•C•@5•C•@6•C•@7

•ia•j
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3•C•@8•C•@9
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•ib•j
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Figure•@2•D7•D•@•fH•@NMR•@spectra•@of•@•ia•j•@5•C6•G14•C15•|dibenzo•|1•C2•G18•C19•|

diepoxy•|4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@•i2T•@and•@•ib•j

its•@polymer•@obtained•@with•@Lewis•@acid•@catalyst•D
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ˆêiV•|7•p

260•@240•@220•@200•@180•@160•@140•@120•@100•@80•@60•@40•@20•@0
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@6•@ppm

Figure•@2•D8•D•@CP•^MAS•@NMR•@spectrum•@of•@the•@poRymer•@obtained
with•@the•@Vandenberg•@catalyst•D

homogeneously•D•@Tin•irv•j•@chloride•C•@which•@is•@an•@effective•@initiator•C•@causes•@an

increase•@in•@the•@polymerization•@rate•@with•@increasing•@polarity•@of•@the•@medium•C

especially•@in•@nitroethane•C•@but•@boron•@trifluoride•@etherate•@is•@obscure•@in•@the

polarity•@effect•D•@The•@products•@obtained•@with•@tin•iIV•j•@chloride•@or•@boron

trifluoride•@etherate•@are•@sticky•@semi•|solids•@with•@lower•@molecular•@weight

in•@the•@range•@from•@1•C300•@to•@2•C100•@and•@with•@specific•@viscosity•@of•@nsnfc••O•D07

dL•^g•@and•@are•@soluble•@in•@dichloromethane•C•@chloroform•C•@and•@tetrahydrofuran•D

In•@the•@presence•@of•@the•@Vandenberg•@catalyst•C•@polymerization•@was•@occurred

in•@toluene•@only•@at•@high•@temperature•D•@The•@polymer•@obtained•@is•@a•@white

solid•C•@insoluble•@in•@dichloromethane•C•@chloroform•C•@and•@dimethyl•@sulfoxide•C

and•@soluble•@in•@p•|cresol•@and•@p•|chlorophenol•D•@This•@catalyst•@is•@effective•@in

preparing•@polymers•@of•@high•@molecular•@weight•@as•@seen•@in•@specific•@viscosity

of•@•hsp•^c••1•D11•@dL•^g•D

•@•@•@•@The•@•fH•|NMR•@spectra•@of•@the•@polymers•@obtained•@with•@Lewis•@acid•@catal•@ysts

showed•@that•@the•@characteristic•@resonances•@at•@6••2•D7•@and•@3•D3•@ppm•C•@due•@to•@the

methylene•@and•@the•@methine•@protoms•@of•@the•@epoxide•C•@can•@be•@slightly•@detected

•iFigure•@2•D7•j•D•@Since•@most•@of•@the•@epoxy•@groups•@participated•@in•@the

polymerization•@forming•@soluble•@and•@gel•Eˆêfree•@polymers•C•@the•@polymers•@should
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vˆêˆê•Dˆêˆêˆê

contain•@cyclic•@constitutional•@units•@formed•@through•@a•@cyclopolymerization

mechanism•D•@For•@the•@polymerization•@with•@tin•iIV•j•@chloride•@and•@boron

trifluoride•@etherate•C•@the•@extent•@of•@cyclization•@changed•@from•@82•@to•@95•“

according•@to•@the•@polymerization•@conditions•D•@ln•@the•@CP•^MAS•|NMR•@spectrum

•iFigure•@2•D8•j•@of•@the•@polymer•@obtained•@with•@the•@Vandenberg•@catalyst•C•@only•@a

trace•@of•@the•@characteristic•@resonance•@at•@44•D7•@ppm•C•@due•@to•@the•@methylene

carbon•@of•@the•@epoxide•C•@appeared•D•@Therefore•C•@the•@polymer•@also•@possesses

cyclic•@constitutional•@units•D

2•D4•D3•@Structure•@of•@Poly•idibenzo•m19•ncrown•|6•j

•@•@•@In•@the•@polymerization•@of•@27•@the•@intramolecular•@cyclization•@with•@a•C•@aˆê•E

or•@6•C6•|scissions•@of•@two•@epoxides•@forms•@19•|membered•@rings•@•ipolymer

Scheme•@2•C12

o•H•@o•H

•@•@•@•@•@•@vov
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44b•j•C•@whereas•@a•CPˆê•@and•@6•C•@a•|scissions•@lead•@to•@the•@formation•@of•@18ˆê•@and

20•|membered•@rings•@•ipolymer•@44a•@and•@c•j•C•@respectively•@•iScheme•@2•D12•j•D

•@•@•@•@Because•@many•@epoxides•@have•@shown•@to•@subject•@to•@both•@aˆê•@and•@6•|scissions

under•@acidic•@conditions•C•@the•@polymer•@44•@obtained•@with•@ordinary•@acid

catalyst•@may•@represent•@aŒŒxture•@of•@three•@possible•@cyclic•@units•D•@The•@random

orientation•@of•@ring•@opening•C•@however•C•@gives•@5090•@of•@dibenzo•m19•ncrown

units•C•@polymer•@44b•C•@as•@main•@constitutional•@units•D•@ln•@the•@polymerization•@of

propylene•@oxide•@with•@the•@coordinating•@catalyst•C•@ring•@opening•@of•@epoxide

has•@been•@found•@to•@be•@occurred•@predominantly•@in•@6•|position•C•@therefore•C

suggesting•@that•@the•@polymer•@prepared•@with•@the•@Vandenberg•@catalyst•@contains

essentially•@dibenzo•m19•ncrown•|6•@units•D•@lt•@appears•@well•@established•@that•@the

polymerization•@of•@27•@gives•@the•@cyclic•@polymer•@mainly•@comsisting•@of

dibenzo•m19•ncrown•|6•@units•C•@namely•@poly•idibenzo•m19•ncrown•|6•j•D

2•D4•D4•@Copolymerization•@of•@5•C6•G14•C15•|Dibenzo•|1•C2•G18•C19•|

diepoxy•|4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@with

Monoepoxy•@Comonomers

•@•@•@•@The•@cationic•@polymerizations•@of•@27•@were•@carried•@out•@with•@tin•irv•j

chloride•@in•@dichloromethane•@at•@ˆê30•@OC•C•@and•@the•@anionic•@ones•@with•@KOH•@in

DMSO•@at•@room•@temperature•D•@Table•@2•D9•@lists•@the•@copolymerizations•@of•@27

and•@PO•C•@EC•mH•C•@or•@PGE•D•@The•@copolymerizations•@with•@SnCla•@in•@CH2C12

proceeded•@homogeneously•@to•@yield•@gel•|free•@polymers•C•@except•@that•@methanol•|

insoluble•@polymer•@was•@not•@obtained•@for•@the•@•mECH•n•^•m27•n•@ratio•@of•@9•D•@For•@the

copolymerization•@with•@KOH•@in•@DMSO•C•@methanol•|insoluble•@polymers•@were

obtained•@except•@for•@the•@27•|ECH•@system•D•@The•@GPC•@traces•@of•@copolymers

with•@UV•@detection•@agreed•@with•@those•@with•@RI•@one•D

•@•@•@•@The•@characteristic•@absorption•@at•@2•D5•|3•D3•@ppm•@due•@to•@the•@epoxy•@protons

had•@completely•@disappeared•@in•@the•@•fH•@NMR•@spectra•C•@which•@means•@that•@27

polymerized•@with•@100•“•@cyclization•C•@For•@the•@cationic•@polymerization•C•@the

main•@cyclic•@unit•@originating•@from•@27•@is•@dibenzo•m19•ncrown•|6•D•@On•@the•@other

hand•C•@the•@copolymers•@prepared•@with•@KOH•@contain•@essentially
dibenzo•m19•ncrown•|6•@as•@cyclic•@constitutional•@units•C•@because•@the•@ring•@opening

polymerization•@of•@monosubstituted•@epoxides•@with•@an•@anionic•@mitiator•@occurs

almost•@exclusively•@at•@6•|bond•Di•f•@The•@compositions•@of•@27•@unit•@in•@copolymers

were•@larger•@than•@those•@in•@monomer•@feeds•D
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TabRe•@2•D9•D•@Copolymerizations•@of•@5•C6•F14•C15•|dibenzo•|1•C2•F18•C19•|

diepoxy•|4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@•i27•j•@with

•@•@propylene•@oxide•@•iPO•j•C•@epichlorohydrin•@•iECH•j•C•@and•@phenyl

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@glycidyl•@ether•@•iPGE•ja

Epoxy•@lnitiator•@Mole•@Fraction•@•m27•{EM•n•@•mll•@Time•@Yield•@Mole•@Fraction•@Mtu

monomer•@•i1•j•@of•@27•@moleL•|i•@moleLˆê•f•@h•@90•@of•@27•@in•@x•@lO•f3•@C

po

ECH

PGE

SnCla
SnCla

KOH
SnCh
SnCla

KOH
SnCh
SnClh

KOH

O•D50d

O•D30d

O•D50e

O•D50d

O•D10d

O•D50e

O•D50d

O•D10d

O•D50e

•@•@•@

•@•@•@

ƒ••@•@

ƒ••@•@

ƒ••@•@

ƒR•@•@

ƒR•@•@

•@•@•@

ƒ•

O•D05

0•D1

0•D05

0•D05

0e2

0•D05

0•D05

0•D2

0•D05

•@•@9

20
•@•@8

•@•@9

25

168
•@•@9

25
•@•@5

•@112•@•@

2•@

3

O•D73

0•D56

0•D90

0•D89

O•D89

0•D58

0•D81

092“Ê•v•i•Ú11•i•Ú

2•D1

2•D1

3•D1

a•@Temp•C•@ˆê30•@OC•@for•@SnC14•@in•@CH2C12•G•@23•@OC•@for•@KOH•@in•@DMSO•D

b•@Determined•@by•@•fH•@NMR•@spectra•D

C•@Determined•@by•@GPC•@•ipolystyrene•@calibration•j•D

d•@Solvent•C•@CH2C12t

e•@Solvent•C•@DMSO•E

2•D5•@Synthesis•@of•@Poly•ihemispherand•j

•@•@•@•@Since•@the•@discovery•@of•@dibenzo•m18•ncrown•|6•C22•@many•@kinds•@of

macrocyclic•@systems•@have•@been•@designed•@and•@synthesized•@as•@hosts•@in•@host•|

guest•@chemistry•D23•@Hemispherand2•e•@45•@and•@spherand•@46•@•iScheme•@2•D13•j•C

which•@are•@based•@on•@2•C6•|disubstituted•@4•|methyl•@anisole•@units•C•@are•@classified

as•@a•@group•@of•@host•@compounds•D•@They•@are•@organized•@prior•@to•@complexation

and•@form•@a•@capsular•@complex•@with•@a•@cationic•@guest•D25•@ln•@polymer•@chemistry•C

various•@polymers•@with•@crown•@ether•@or•@other•@macrocyclic•@units•@are
synthesized•@and•@their•@host•@abilities•@are•@examined•@in•@the•@appropriate•@host•|guest
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1•D•C•C•D•Eeˆê•E•g•D

systems•D26•@However•C•@there•@has•@been

no•@attempt•@to•@prepare•@polymers
with•@45•@or•@46•@unit•D•@This•@section

reports•@on•@the•@synthesis•@and•@the

cyclopolymerization•@of•@diepoxide•C

2•C6ˆê•@bis•@•m3•@ˆê•@•i4•C5•@ˆê•@epoxy•@ˆê2ˆê•@oxa•|

pentyl•j•@ˆê•@2•@ˆê•@methoxy•@ˆê5ˆê•@methyl•|

phenyl•nˆê4•|methylanisole•@28•C•@and

the•@cation•@binding•@property•@of•@the

resulting•@poly•ihemispherand•j•D

2•D5•D1•@Preparation•@of•@2•C6•|Bis

•o3ˆê•i4•C5•|epoxy•|2•|oxapentyl•jˆê

2•|methoxy•|5•|methylpheny•@1•n•@ˆê

4•|methylanisole

•@•@•@•@Oxidation•@of•@p•|cresole•@47

with•@ferric•@chloride•@hexahydrate

•iFeC13e6H20•j•@gave•@triphenol•@48•D

Three•@hydroxy•@groups•@in•@48•@were

methylated•@with•@dimethyl•@sulfate

to•@provide•@trianisole•@49•D•@Lithiation

and•@followed•@by•@carboxylation•@of

49•@led•@to•@the•@production•@of•@diacid

sO•@which•@was•@further•@reduced•@with

boron•@trifluoride•|tetrahydrofuran

complex•@•iBF30THF•j•@to•@give•@dio1

51•@•D•@A•@phase•|transfer•@reaction•@with

tetrabutylammonium•@hydrogen
sulfate•@as•@a•@catalyst•@was•@very•@useful

for•@the•@condensation•@of•@51•@with

30•C•@thereby•@producing•@28
•iScheme•@2•D14•j•D

Scheme•@2•C13

o•@•@•@•@•@•@o

CHa•@•DcH
•@•@•@•E•E•gco•D

CH3s

CH3

CH3•Ci•f•g

CH5•f

•q•j•ji
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Scheme•@2•D14

FeCI3•E6H20

N2•@in•@water

lmonth

•@•iCH•@3•j•@2S•@04
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ˆê •f•DJ•C•D•E•Eˆê•En•Eˆêˆê

2•D5•D2•@Polymerization•@of•@2•C6•|Bis•m3ˆê•i4•C5•|epoxy•|2•|oxapentyl•jˆê2•|

methoxy•|5•|methylphenyl•nˆê4•|methyRanisole

•@•@•@•@Table•@2•D10•@gives•@some•@results•@of•@the•@polymerization•@of•@diepoxide

28•@with•@cationic•C•@anionic•@and•@coordinate•@catalysts•D•@The•@polymerizations

with•@boron•@trifluoride•@etherate•@or•@tin•iJV•j•@chloride•@in•@dichloromethane•@and

with•@potassium•@tert•|butoxide•@in•@dimethyl•@sulfoxide•@proceed•@homogeneously•D

•@•@•@•@•@•@•@•@•@•@•@•@•@Table•@2•D10•D•@Cyclopolymerization•@of

2•C6•|bis•m3ˆê•i4•C5•|epoxy•|2•|oxapentyl•jˆê2•|methoxy•|5•|methylphenyl•nˆê

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@4•|methylanisolea

Initiator

•@•@•i1•j

Solvent•@•mMonomer•n•@Temp•D•@Time•@Yield•@fcb
•@•@•@•@•@•@•@•@•@in•@moleL•h•@in•@OC•@in•@h•@in•@•“

MnC
xlO•|3

BF3eOEt2

SnCla

t•|BuOK
KOH
Vandenbergd

CH2C12

C2HsNO2
CH2C12
C2HsNO2
DMSO
DMSO
CbHs•@CH3

ˆê30

r•Dt•D

r•Dt•D

80

24•@17•D8
11•@days•@14•D6

24•@gelation

24•@7•D6
24•@gelation

7•@7•D8
7days•@0

2•@5•D3

O•D65•@8•D3

0•D75•@11•D3

O•D67 9•D7

O•D65•@12•D5

a•@•mMonomer•n•@•^•@•olnitiator•n•@•••@10•@•^•@1•D

b•@Extent•@ofcyclization•@was•@determined•@by•@iH•@NMR•@analysis•D

C•@Determined•@by•@GPC•D

d•@2AIEt3•@•^•@H20•@•^•@acety•@lacetone•D

•@•@•@•@The•@resulting•@polymers•@are•@white•@powders•@and•@are•@soluble•@in

chloroformha•C•@benzene•C•@and•@tetrahydrofuran•D•@The•@number•@average•@molecular

weights•@•iMn•j•@are•@in•@the•@range•@from•@8•C300•@to•@12•C500•C•@which•@correspond•@to

the•@polymerization•@degree•@from•@15•D5•@to•@23•D4•D•@ln•@nitroethane•C•@however•C

monomer•@28•@tends•@to•@form•@a•@gel•@duŒŒ1g•@the•@polymerizations•@with•@boron
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ˆê •fi•C•CJ•D•E•Eˆêˆê•Dˆêˆêˆêˆê

•@ˆê

ˆê•D
•@•@•G•¥

trifluoride•@etherate•@or•@tin•iIV•j•@chloride•D•@Potassium•@hydroxide•C•@which•@was

the•@effective•@initiator•@for•@the•@polymerization•@of•@diepoxide•@27•C•@does•@not

perform•@the•@initiation•@of•@28•D•@ln•@the•@presence•@of•@the•@Vandenberg•@catalyst•C

the•@polymerization•@system•@is•@homogeneous•C•@but•@the•@polymer•@obtained•@is

insoluble•@in•@chloroform•C•@tetrahydrofuran•C•@p•|chlorophenol•C•@and•@other

common•@organic•@solvents•D•@The•@polymer•@from•@27•@with•@this•@catalyst•@had•@a

•ib•j

•f•@ˆê

•@•@•@•@•@•@•@•@•@–m•@•@•@•@•@rƒq•@ˆê•@•@•@•@•@•@•|•¥•@ˆêFI•@•@•@•@•@•@•@•@ˆê•@•@•@•@ƒŒ•@•@•@•@•@•@•@•@•@•@‚µ•@•@•@•u•@•@•@•@•@•@•@•@•@•@•@•u•@Œ—•@•@•@‰¾•@•@•@•@•@•@•@•@•@•@•@•@•D‚µ•@•@•Cp•@•@•@•@•@•@•@•@•@•@•@•@•@ŽQ

•@•@•@•@•@•@8•@•@•@•@•@7•@•@•@•@•@6•@•@•@•@•@5•@•@•@•@•@4

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@6•@ppm

Figure•@2•D9•D•@•fH•@NMR•@spectra•@of•@•ia•j•@28

0btained•@with•@t•|BuOK•@in•@DMSO•D
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ˆê •fi•D•Dˆêˆê•g•Dˆêˆêˆê

significantly•@higher•@viscosity•@than•@that•@with•@cationic•@ones•D•@With•@regard•@to

28•C•@the•@insolubility•@is•@accordingly•@caused•@not•@by•@the•@presence•@of•@a•@three•|

dimensional•@network•@structure•@in•@the•@polymer•C•@but•@by•@its•@higher•@molecular

weight•D

•@•@•@•@Figure•@2•D9•@shows•@the•@iH•@NMR•@spectra•@of•@monomer•@28•@and•@its•@polymer

obtained•@with•@potassium•@tert•|butoxide•D•@ln•@the•@spectrum•@of•@the•@polymer•C

the•@characteristic•@resonance•@due•@to•@the•@methylene•@protons•@of•@the•@epoxy

groups•@at•@2•D6•@and•@2•D8•@ppm•@dir•yŒŒished•@after•@polymerization•D•@On•@the

other•@hand•C•@a•@broad•@absorption•@appeared•@at•@3•D3•@to•@3•D9•@ppm•@due•@to•@the

polymer•@main•@chain•@was•@apparently•@observed•D•@Because•@the•@epoxy•@groups

significantly•@participated•@during•@the•@polymerization•@giving•@gel•|free•C•@soluble

polymers•C•@the•@polymers•@should•@contain•@cyclic•@constitutional•@units•@formed

through•@a•@cyclopolymerization•@mechanism•D

•@•@•@•@The•@residual•@epoxy•@groups•@were•@observed•C•@and•@hence•@the•@resulting

polymers•@consisted•@of•@the•@cyclic•@and•@the•@pendant•@units•D•@This•@was•@confirmed

by•@the•@iH•@NMR•@resonance•@except•@for•@the•@epoxy•@groups•D•@The•@two•@resonances

of•@the•@inner•@methoxy•@protons•@at•@3•D15•@and•@3•D20•@ppm•@correspond•@to•@the

cyclic•@and•@the•@pendent•@units•C•@respectively•D•@The•@dependence•@of•@the•@mole

fraction•@of•@the•@cyclic•@structural•@units•@•ifc•j•@on•@the•@monomer•@concentration

•i•mM•n•j•@is•@generally•@found•@in•@cyclopolymerization•D•@ln•@the•@case•@of•@28•C•@fc

increases•@from•@O•D65•@for•@•mM•n•@of•@O•D5•@moleL•h•@to•@O•D75•@for•@O•D2•@moleL•e•f•D•@On•@the

other•@hand•C•@the•@polymerization•@of•@27•@gave•@polymer•@45b•@mainly•@consisting

of•@dibenzo•m19•ncrown•|6•@units•C•@whose•@fc•@was•@1•D0•@even•@at•@a•@•mM•n•@of•@O•D5

moloLH•f•D•@The•@lower•@cyclopolymerization•@tendency•@of•@28•@is•@caused•@by•@its

sterically•@crowded•@structure•@being•@composed•@of•@three•@p•|anisole•@units•D

2•D5•D3•@Structure•@of•@Poly•ihemispherand•j

•@•@•@•@During•@the•@polymerization•@of•@28•@the•@intramolecular•@cyclization•@with

a•Caˆêˆê•@or•@6•CP•|scissions•@of•@the•@two•@epoxides•@forms•@19•|membered•@rings

•ipolymer•@52b•j•C•@whereas•@oc6ˆêˆê•@and•@6•C•@a•|scissions•@leads•@to•@the•@formation•@of

18ˆê•@and•@20•|membered•@rings•@•ipolymer•@52a•@and•@c•j•C•@respectively•@•iScheme

2•D15•j•D•@The•@cationic•@catalyst•@cleaves•@at•@both•@the•@aˆê•@and•@6ˆê•@positions•@to

yield•@polymers•@having•@aŒŒxture•@of•@three•@possible•@cyclic•@units•C•@polymers

52a•C•@b•C•@and•@c•D•@The•@random•@orientation•@of•@ring•|opening•@forms•@the•@main

constitutional•@units•@with•@at•@least•@50•“•@of•@the•@19•|membered•@hemispherand•C
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polymer•@52b•C•@as•@the•@main•@cyclic•@units•D•@On•@the•@other•@hand•C•@an•@anionic

catalyst•@cleaves•@the•@6ˆê•@bond•D•@The•@polymer•@prepared•@with•@potassium•@tert•|

butoxide•C•@therefore•C•@contains•@the•@19•|membered•@hemispherand•@polymer

52b•@as•@the•@cyclic•@constitutional•@units•D

CH3•g•g•f
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2•D6•@Cation•|Binding•@Ability

i

•@•@•@•@Diepoxides•@25•C•@26•C•@27•C•@and•@28•@were•@polymerized•@through•@the

cyclopolymerization•@mechanism•@under•@the•@conditions•@described•@in•@the

preceding•@sections•D•@The•@polymers•@obtained•@from•@25•C•@26•C•@and•@27•@possess

the•@structures•@consisting•@of•@benzo•m10•ncrown•|3•C•@benzo•m16•ncrown•|5•C•@and

dibenzo•m19•ncrown•|6•@units•C•@respectively•D•@The•@polymer•@from•@28•@is•@constituted

of•@a•@hemispherand•@structure•D•@ln•@this•@section•C•@these•@poly•icrown•@ether•js•@are

estimated•@the•@cation•|binding•@properties•@which•@are•@discussed•@in•@connection

with•@the•@size•@of•@metal•@ions•@and•@the•@polymer•@structure•D

2•D6•D1•@Cation•|Binding•@Ability•@of•@Poly•icrown•@ether•js

•@•@•@•@The•@CH2C12•|soluble•@polymer•@33•@prepared•@with•@tin•iIV•j•@chloride•@was

used•@for•@extractions•@of•@alkali•@metal•@picrates•D•@The•@extraction•@data•@were

indicated•@in•@Table•@2•D11•D•@Polymer•@33•@consists•@of•@the•@repeating•@unit

corresponding•@to•@benzo•m10•ncrown•|3•@whose•@cavity•@size•@is•@about•@1•D2•@A•@in

agreement•@with•@the•@diameter•@of•@Li•f•D•@The•@degree•@of•@extraction•@for•@lithium

picrate•C•@however•C•@was•@only•@3•D79e•@and•@the•@most•@effective•@ion•@in•@extraction

was•@K•f•@with•@2•D7•@A•@in•@diameter•D

•@•@•@•@The•@•iH2C12•|soluble•@and•@insoluble•@polymers•@41•C•@respectively•C•@prepared

with•@tin•iIV•j•@chloride•@as•@catalyst•@and•@with•@the•@Vandenberg•@catalyst•@were

used•@for•@extractions•@of•@alkali•@metal•@picrates•D•@Table•@2•D11•@compares•@the

cation•|binding•@abilities•@of•@these•@polymers•@with•@the•@cyclic•@polymer•@14

contaming•@benzo•m19•ncrown•|6•@moieties•D2•@The•@cation•|binding•@ability•@of•@the

insoluble•@polymer•@is•@lower•@than•@that•@of•@the•@soluble•@one•@which•@resembles

that•@of•@the•@polymer•@with•@•m19•ncrown•|6•@units•@except•@the•@slight•@difference•@in

selectivity•D

•@•@•@•@The•@soluble•@polymer•@41•@shows•@the•@highest•@selectivity•@for•@K•f•C•@the

polymer•@with•@•m191•@crown•|6•@units•@for•@Rb•f•G•@this•@is•@attributable•@to•@the•@difference

of•@the•@size•@of•@rings•@and•@of•@the•@number•@of•@ether•@oxygens•@in•@the•@complexing

cavity•D

•@•@•@•@In•@the•@case•@of•@polymer•@44•C•@the•@CH2C12ˆê•Esoluble•@polymer•@prepared

with•@tin•iIV•j•@chloride•@in•@nitroethane•@was•@used•D•@The•@cation•|binding•@ability

of•@polymer•@44•@compares•@also•@with•@those•@of•@a•@monomeric•@crown•@ether•C

dibenzo•m18•ncrown•|6•@6•C•@in•@Table•@2•D11•D•@The•@ability•@of•@the•@polymer•@is•@slightly
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ˆê •fˆê•D•C•C•h•h•hr

less•@effective•@and•@selective•@in•@bindmg•@cation•@than•@that•@o•@f•@the•@model•@compound•D

Polymers•@41•@and•@44•@showed•@the•@highest•@selectivity•@for•@K•g•C•@but
poly•ibenzo•m19•ncrown•|6•n•@showed•@that•@for•@Rb•f•D

•@•@•@•@Extraction•@yield•@of•@poly•m•i•m10•ncrown•|3•jo•D43•|co•|PGEo•Ds7•n•@was•@shown•@in

Table•@2•D11•D•@Tlie•@incorporation•@of•@the•@spaces•@•ipoly•iPEG•j•@units•j•@into

poly•i33•|co•|38•j•@decreased•@the•@extraction•@of•@alkali•|metal•@cations•D•@The•@crown

structure•@from•@25•@corresponded•@to•@benzo•m10•ncrown•|3•@whose•@ring•@size•@is

smaller•@than•@that•@of•@alkaliˆêˆêmetal•@cations•D•@Therefore•C•@the•@crown•@structure

of•@polymer•@33•@umh•@complexed•@with•@cations•@by•@neighboring•@crown•@ring

owing•@to•@cooperative•@effect•D

Table•@2•D11•D•@Extraction•@of•@alkali•@picrates

•@•@•@into•@the•@methylene•@chloride•@phasea

Extraction•@yield•@in•@91e•@of•@picrates

Complexing•@agent

Li•{ Na•f K•{ Rb•{ •ils•{

Polymer•@33b

Polymer•@41b

Polymer•@41c

Polymer•@44b
Polymer•@33•|coˆêˆêPGEd

Poly•i•m19•ncrown•|6•je

Dibenzo•m18•ncrown•|6f

3•D7

12•D7

5•D4

6•D3

0•D0

4•D7

3•D7

20•D9

41•D2

16•D2

31•D4

13•D9

38•D0

18•D3

33•D5

78•D5

38•D6

82•D2

25•D7

78•D6

93•D5

23•D9

75•D6

38•D9

77•D4

16•D9

80•D8

84•D9

16•D5

61•D5

30•D1

67•D5

10•D7

79•D0

81•D6

a•@•oPicric•@acid•n••7x•@IO•|5•@mol•DLi•G•@•mCrown•@units•n••3•D5x•@lO•|3•@moleL•f•G•@•mMetal•@hydroxide•n••O•D1

moleLi•D

b•@CH2C12•|soluble•@polymer•@prepared•@with•@SnC14•D

C•@CH2C12•|insoluble•@polymer•@prepared•@with•@Vandenberg•@catalyst•D•@The•@specimen•@swelled•@in

methylene•@chloride•@•i23•D2•@times•@of•@its•@original•@weight•j•D

d•@poly•m•i•m10•ncrown•|3•jo•D43•|co•|PGEo•Ds7•n•E

eRef•D•@2•D

•e•@Ref•D•@29•D
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100
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o
Li•{ Na•g K•{ Rb•{ Cs•{

Figure•@2•D10•D•@Extraction•@yield•@•i9e•j•@of•@alkali•|metal•@picrates

by•@poly•m•idibenzo•m19•ncrown•|6•jo•Ds6•|co•|POo•D44•n•@•iO•j•C

poly•m•idibenzo•m19•ncrown•|6•jo•Dss•|co•|PGEo•D42•n•@•ie•j•C•@and
poly•@•idibenzo•@•m1•@9•n•@crown•|6•j•@•iA•j•F•@lcrown•@ether•@units•@in

polymer•n••3•D5xlO•f3•@mol•DL•h•@in•@CH2C12•@phase•G•@•mpicric•@acid•n••7xlO•f5

moleL•fi•@and•@•mmetal•@hydroxide•n•@••O•D1•@moleL•h•@in•@H20•@phase•D

•@•@•@•@Figure•@2•D10•@shows•@the•@results•@of•@the•@extraction•@yields•@of

alkali•|metal•@picrates•@by•@poly•m•idibenzo•m19•ncrown•|6•jo•Ds6•|co•|POo•D44•n•C

poly•m•idibenzo•m19•ncrown•|6•jo•Dss•|co•|PGEo•D42•n•C•@and•@poly•idibenzo•m19•ncrown•|6•j

prepared•@by•@the•@cationic•@cyclopolymerization•@of•@27•D•@The•@extraction•@yields

of•@alkali•|metal•@picrates•@were•@increased•@in•@order•@of•@K•f•@•r•@Rb•f•@•r•@Cs•g•@•„•„•@Na•f

•r•@Li•f•@for•@each•@host•@polymer•D•@Dibenzo•m18•ncrown•|6•@shows•@the•@highest

selectivity•@for•@K•f•C•@because•@the•@diameter•@of•@the•@crown•@cavity•@corresponds

to•@that•@of•@K•f•D•@On•@the•@other•@hand•C•@the•@host•@polymers•@are•@considerably•@more

efficient•@than•@dibenzo•m18•ncrown•|6•@in•@binding•@K•f•C•@Rb•f•C•@and•@Cs•f•@which•@have

diameters•@larger•@than•@the•@crown•@cavity•D•@This•@result•@can•@be•@explained•@by

cooperative•@coordination•@effects•C•@where•@two•@neighboring•@crown•@ether
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rings•@combine•@with•@a•@single•@cation•D•@The•@extraction•@yields•@for•@the•@copolymers

were•@lower•@than•@those•@for•@the•@homopolymer•C•@since•@the•@comonomer•@units

introduced•@into•@copolymers•@disturb•@the•@formation•@of•@2•F1•@crown•|cation

complex•D

•@•@•@•@The•@K•f•^Na•f•C•@K•f•^Rb•f•C•@and•@K•gICs•f•@selectivities•@for

poly•m•idibenzo•m19•ncrown•|6•jo•Dss•|co•|PGEo•D42•n•@were•@larger•@than•@those•@for

poly•idibenzo•m19•ncrown•|6•j•@and•@poly•m•idibenzo•m19•ncrown•|6•jo•Ds6•|co•|POo•D44•n•E

This•@result•@means•@that•@the•@PGE•@units•@in•@the•@copolymer•@act•@as•@steric

barrier•@for•@complexation•@of•@dibenzo•m19•ncrown•|6•@with•@cations•D

•@•@•@•@Epoxide•@have•@a•@chiral•@centre•D•@ln•@the•@chapter•@4•C•@the•@syntheses•@chiral

crown•@polymers•@via•@cyclopolymerization•@of•@chiral•@diepoxy•@monomers

and•@their•@chiral•@recognition•@property•@toward•@methyl•@ester•@of•@a•|amino

acid•@will•@be•@discussed•D

2•D6•D2•@Cation•|Binding

Structural•@Analysis
Ability•@of•@Poly•ihemispherand•j•@and•@its

•@•@•@•@The•@•i•n12C12•|soluble•@polymer•@52•@obtained•@with•@boron•@trifluoride

etherate•@in•@CH2C12•@•ifc••O•D65•j•@was•@used•@for•@the•@experiment•@of•@extraction•@of

alkali•@metal•@picrates•D•@The•@cation•|binding•@property•@of•@polymer•@52•@compares

with•@hemispherand•@452•e•@which•@corresponds•@closely•@to•@the•@cyclic•@units•@in

polymer•@52•C•@and•@with•@those•@of•@dibenzo•m18•ncrown•|6•@6•@and
poly•idibenzo•m19•ncrown•|6•j•@14•C•@in•@Figure•@2•D11•D•@The•@selectivity•@which•@is

estimated•@by•@the•@extraction•@equilibrium•@constant•@•iK•Dx•j2•f•@is•@in•@the•@order•@of

Rb•g•@•r•@K•g•@•r•@Cs•g•@•r•@Na•f•@•r•@Li•f•@for•@polymer•@52•C•@Na•f•@•r•@K•f•@•r•@Rb•f•@•r•@Cs•f•@•r•@Li•g

for•@45•C•@and•@K•g•@•r•@Rb•f•@•r•@•ils•g•@•r•@Na•f•@•r•@Li•f•@for•@6•@and•@14•D•@Polymer•@14•@is

slightly•@less•@selective•@and•@effective•@in•@binding•@for•@cation•@than•@6•C•@whereas

polymer•@52•@is•@noticeably•@less•@than•@45•D•@These•@results•@indicate•@that•@the

hemispherand•@units•@in•@polymer•@52•@do•@not•@act•@as•@the•@preorganized•@spherical

cavity•@like•@45•D•@The•@chemical•@shifts•@of•@the•@outer•@methoxy•@protons•@for•@45•C

monomer•@28•C•@and•@polymer•@52•@were•@almost•@same•C•@showing•@in•@Table•@2•D12•D

On•@the•@other•@hand•C•@the•@upfield•@shifts•@of•@the•@inner•@from•@the•@outer•@methoxy

protons•@for•@45•@are•@larger•@than•@those•@for•@monomer•@28•@and•@polymer•@52•D

The•@1arger•@upfield•@shift•@for•@45•C•@which•@is•@found•@in•@the•@other•@hemispherands•C

reflects•@that•@the•@three•@methoxy•@oxygens•@possess•@the•@down•|up•|down

arrangement•C•@which•@preorganizes•@the•@spherical•@cavity•@for•@45•D2•e•E28•@On•@the
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•e

7

6

5
•@•@4•~200•v

3

2

1

Li•{

K•{

Na•f•@A•@Rb•f
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Csƒi

O•D5 1•D0•@1•D5
10nic•@Diameter•@•^•@A

2•D0

Figure•@2•D11•@Logarithmic•@plots•@of•@extraction•@equilibrium•@constant

•iK•D•j•@of•@hemispherand•@•i45•j•@•ie•j•C•@poly•ihemispherand•j
•ipolymer•@52•j•@•i•@O•j•C•@poly•idibenzo•m19•ncrown•|6•j•@•ipolymer•@44•j

•i•@A•@•j•C•@and•@dibenzo•m18•ncrown•|6•@•i6•j•@•i•@A•@•j•@toward•@alkaRi•@metal

cations•F•@•mpicric•@acid•n•@•••@3•D5xlO•f5•@moleL•fi•C•@•mmetal•@hydroxide•n•@••

O•D1•@moleL•fi•C•@•m4S•@•••@3•D5xlO•fS•@moleL•h•C•@•mpolymer•@52•n•@•••@7xlO•f3

moloL•h•C•@•mpolymer•@44•n•@•••@•mq•@•••@3•D5xlO•f•e•@mol•DL•h•D

other•@hand•C•@the•@smaller•@upfield•@shift•@for•@the•@cyclic•@units•@in•@polymer•@52•@as

well•@as•@the•@acyclic•@compound•C•@monomer•@28•C•@indicates•@that•@the•@arrangement

of•@the•@three•@methoxy•@oxygens•@in•@the•@cyclic•@units•@for•@polymer•@52•@is•@not

suitable•@for•@the•@formation•@of•@the•@spherical•@cavity•@as•@in•@45•D

•@•@•@•@•@These•@results•@suggest•@that•@the•@enforced•@structure•@of•@the•@cavity•@is

different•@between•@poly•ihemispherand•j•@52•@prepared•@via•@the
cyclopolymerization•@method•@and•@hemispherand•@45•C•@and•@consequently•C•@it

has•@been•@necessary•@to•@design•@the•@monomer•@further•D
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Table•@2•D12•D•@Chemical•@shifts

the•@inner•@and•@the•@outer•@methoxy•@protons•@for

•@•@•@•@•@•@monomer•@28•C•@and•@poly•ihemispherand•j

of

hemispherand•@45•C
polymer•@52

Chemical•@shift•C•@6•@in•@ppm

inner•@ˆê•ZCH3 outer•@ˆê•ZCH3

i

Hemispherand•@45a

Monomer•@28
Poly•ihemispherand•j•@52

2•D56

3•D20

3•D15•@•icyclic•@units•j

3•D20•@•ipendant•@units•j

3•D39

3•D49

3•D42

a•@Ref•D•@28•D

2•D7•@Conclusion

•@•@•@•@Cyclopolymerization•@is•@a•@direct•@method•@to•@prepare•@polymeric•@crown

ethers•D•@The•@divinyl•@ethers•@such•@as•@1•C2•|bis•i2•|vinyloxyethoxy•jbenzene•@and

2•C2•fˆêbis•m2ˆê•i2•|vinyloxyethoxy•jethoxy•nˆê1•C1•fˆêbinaphthyl•@are•@most•@suited•@for

the•@purpose•D•@ln•@this•@chapter•C•@the•@diepoxy•@compound•@has•@been•@newly

recognized•@as•@a•@member•@of•@the•@suitable•@monomer•D

•@•@•@•@The•@first•@diepoxide•@is•@1•C2•|bis•i2•C3•|epoxypropoxy•jbenzene•@25•@which

was•@prepared•@from•@the•@condensation•@of•@1•C2•|benzenediol•@29•@with•@1•|

chloro•|2•C3•|epoxypropane•@30•D•@Diepoxide•@25•@was•@polymerized•@by•@cationic

and•@the•@Vandenberg•@catalysts•C•@thereby•@giving•@the•@soluble•@polymers•@only

with•@the•@cyclic•@structures•D•@The•@constitutional•@unit•@corresponded•@to•@the

benzo•m10•ncrown•|3•D•@Polymer•@33•@showed•@a•@low•@cation•|binding•@ability•D

•@•@•@•@The•@second•@diepoxide•@is•@1•C2•|bis•m2ˆê•i2•C3•|epoxypropoxy•jethoxy•nbenzene

26•@which•@was•@prepared•@from•@1•C2•|bis•i2•|hydroxyethoxy•jbenzene•@39•D

Diepoxide•@26•@gave•@the•@polymers•@with•@the•@constitutional•@unit•@corresponding

to•@the•@benzo•m16•ncrown•|5•D•@Polymer•@41•@showed•@a•@highest•@selectivity•@for•@K•f

ion•D
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•@•@•@•@The•@third•@diepoxide•@is•@5•C6•F14•C15•|dibenzo•|1•C2•F18•C19•|diepoxy•|

4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@27•@which•@gave•@the•@polymer

with•@the•@constitutional•@unit•@corresponding•@to•@the•@dibenzo•m19•ncrown•|6•D•@The

cation•|binding•@of•@polymer•@44•@was•@higher•@than•@those•@of•@polymers•@33•@and

41•C•@though•@being•@slightly•@less•@than•@that•@of•@the•@model•@dibenzo•|crown•@6•D

•@•@•@•@The•@last•@diepoxide•@is•@2•C6•|bis•m3ˆê•i4•C5•|epoxy•Eˆê2•|oxapentyl•jˆê2•|methoxyˆê•E

5•|methylphenyl•nˆê4•|methylanisole•@28•@with•@a•@view•@of•@synthesizing•@the

polymer•@which•@is•@composed•@of•@the•@19•|membered•@hemispherand•@as•@the

cyclic•@constitutional•@unit•D•@Diepoxide•@28•@was•@polymerized•@with•@cationic•C

anionic•C•@and•@the•@Vandenberg•@catalysts•D•@The•@polymers•@which•@were•@obtained

with•@boron•@trifluoride•@etherate•@and•@tin•irv•j•@chloride•@in•@dichloromethane

and•@with•@potassium•@tert•|butoxide•@in•@dimethylsulfoxide•@were•@soluble•@in

benzene•C•@chloroform•C•@and•@tetrahydrofuran•D•@The•@mole•@fraction•@of•@cyclic

units•@in•@polymer•@52•@was•@O•D65•@to•@O•D75•@as•@compared•@with•@1•D0•@in•@polymers

33•C•@41•C•@and•@44•D•@The•@unexpected•@result•@was•@caused•@by•@some•@participation

of•@the•@structural•@crowd•D

•@•@•@•@The•@cyclopolymerization•@of•@diepoxides•@is•C•@as•@a•@result•C•@a•@facile•@method

of•@synthesizing•@poly•icrown•@ether•js•@with•@ether•@linkages•@in•@the•@polymer

backbone•D•@The•@resulting•@poly•icrown•@ether•js•@and•@poly•ihemisperand•j•@acted

as•@hosts•@in•@host•|guest•@chemistry•D

b
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2•D8•@ExperimentaR•@Section

Measurements•D•@•fH•@NMR•@spectra•@were•@recorded•@with•@a•@Hitachi•@R90H

FT•|NMR•@and•@a•@Bruker•@MSL•@400•@instrument•D•@•f3C•@NMR•@and•@CPICMAS

NMR•@spectra•@were•@obtained•@on•@a•@Bruker•@MSL•@400•@instrument•D•@IR•@spectra

were•@obtained•@on•@a•@Jasco•@A•|102•@spectrometer•@and•@a•@Shimazu•@IR•|435

spectrometer•D•@UV•@spectra•@were•@recorded•@on•@a•@Jasco•@660•@UV”ªzlS
spectrophotometer•D•@The•@molecular•@weights•@of•@the•@resulting•@polymers•@were

measured•@by•@gel•@permeation•@chromatography•@•iGPC•j•@in•@tetrahydrofuran

on•@a•@WATERS•@M45•@high•|performance•@liquid•@chromatography•@equipped
with•@three•@polystyrene•@gel•@columns•@•iShodex•@KF•|804F•j•D•@Vapour•@pressure

osmometer•@•iVPO•j•@also•@was•@used•@to•@determine•@a•@number•@average•@molecular

weight•D

•I

Materials•D•@h11•@chemicals•@were•@reagent•@grade•D•@Air•|sensitive•@reactions•@were

performed•@under•@a•@nitrogen•@atmosphere•D•@Boron•@trifluoride•@etherate

•iBF3eOEt2•j•@and•@tin•iJV•j•@chloride•@•iSnC14•j•@were•@purified•@by•@distillation•@of

commercial•@products•@under•@reduced•@pressure•D•@Potassium•@hydroxide•@•iKOH•j

and•@potassium•@tert•|butoxide•@•it•|BuOK•C•@1•D0•@M•@solution•@in•@tetrahydrofuran•j

were•@purchased•@from•@Aldrich•D•@Triethylaluminium•@•iAIEt3•j•@was•@kindly

supplied•@from•@To•@y•@o•@Stauffer•@Chemical•@Co•D•C•@Ltd•D•@and•@used•@without•@further

purification•D•@Dichloromethane•C•@1•C2•|dichloroethane•C•@nitroethane•C•@and

dimethyl•@sulfoxide•@•iDMSO•j•@were•@purified•@by•@the•@usual•@methods•@and

distilled•@over•@calcium•@hydride•@before•@use•@for•@polymerization•D•@Toluene

and•@diethyl•@ether•@were•@distilled•@from•@sodium•@benzophenone•@ketyl
immediately•@prior•@to•@use•D•@Dibenzo•m18•ncrown•|6•@was•@prepared•@by•@the•@method

Of•@Pedersen•D29

1•C2•|Bis•i3•|chloro•|2•|hydroxypropoxy•jbenzene•@•i31•j•D7•@ln•@1•@L•@of
round•|bottomed•@flask•C•@110•@g•@•i1•@mol•j•@of•@1•C2•|benzenediol•@•i29•j•@was•@soluble

into•@370•@g•@•i4•@mol•j•@of•@1•|chloro•|2•C3•|epoxypropane•@•i30•j•C•@and•@then•@piperidine

hydrochloride8•@was•@added•@to•@the•@solution•D•@The•@solution•@was•@permitted•@to

stand•@for•@34•@days•@at•@room•@temperature•@in•@dark•@place•D•@An•@excess•@of•@30•@was

removed•@under•@reduced•@pressure•C•@and•@then•@the•@residue•@was•@distilled•@under

vacuum•C•@bp•@180•@OC•@•^•@O•D1•|O•DOl•@mmHg•C•@giving•@a•@75•“•@yield•@•i222•@g•j•@of•@30

as•@viscous•@syrups•D•@iH•@NMR•@•iCDCI3•j•@6•@3•D6•@•im•C•@oxymethylene•@and•@methine
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•Dˆê

protons•C•@6H•j•C•@4•D02•@•is•C•@chloromethylene•@protons•C•@4H•j•C•@4•D13•@•is•C•@hydroxy

protons•C•@2H•j•C•@6•D83•@ppm•@•is•C•@arm•C•@4H•j•D

1•C2•|Bis•i2•C3•|epoxypropoxy•jbenzene•@•i25•j•D•f•@ln•@a•@three•|neck•@flask

equipped•@with•@a•@stirrer•C•@a•@drying•@tube•@•icalcium•@chloride•j•C•@a•@thermometer•C

and•@a•@dropping•@funnel•C•@11•D2•@g•@•iO•D2•@mol•j•@of•@KOH•@and•@200•@mL•@of•@absolute

ethanol•@were•@placed•@and•@the•@solution•@was•@cooled•@at•@O•|5•@OC•@by•@ice•|water

bath•D•@To•@this•@flask•C•@a•@solution•@of•@29•D5•@g•@•iO•D1•@mol•j•@of•@31•@in•@200•@mL•@of

absolute•@ethanol•@was•@added•@slowly•@through•@the•@dropping•@funnel•@and•@then

the•@temperature•@was•@kept•@further•@for•@1•@h•D•@The•@content•@was•@filtered•@to

remove•@potassium•@chloride•D•@The•@filtrate•@was•@diluted•@with•@dichloromethane

and•@washed•@with•@water•@until•@the•@water•@layer•@turned•@to•@neutral•D•@The

organic•@layer•@was•@dried•@with•@anhydrous•@sodium•@sulfate•@and•@the•@solvent

was•@evaporated•@under•@reduced•@pressure•D•@The•@residue•@was•@distilled•@under

vacuum•C•@bp•@139•|159•@OC•@•^•@O•D1•@mmHg•C•@then•@the•@distillate•@was•@recrystallized

from•@ether•|hexane•@to•@give•@the•@white•@needle•@crystal•@of•@25•@in•@the•@yield•@of

13•D4•@g•@•i6090•j•D•@IR•@•iKBr•j•@915•@cm•fi•@•iv•D•@epoxy•j•G•@•fH•@NMR•@•iCDC13•j•@6•@2•D56

•idd•C•@epoxy•@methylene•C•@2H•j•C•@2•D69•@•idd•C•@epoxy•@methylene•C•@2H•j•C•@3•D15•@•im•C

epoxy•@methine•C•@2H•j•C•@3•D98•@•it•C•@oxymethylene•C•@4H•j•C•@6•D73•@ppm•@•is•C•@arom•C•@4H•j•G

•f3
b•@NMR•@•iCDCI3•j•@6•@149•D15•C•@115•D85•C•@122•D30•@•iarom•D•@carbons•j•C•@70•D65

•ioxymethylene•@carbon•j•C•@50•D27•@•iepoxy•@methine•@carbon•j•C•@44•D65•@ppm•@•iepoxy

methylene•@carbon•j•D•@Anal•D•@Calcd•@for•@Ci2Hi404•F•@C•C•@64•D85•G•@H•@6•D35•D•@Found•F

C•C•@65•D11•G•@H•@6•D40•D

1•C2•|Bis•i2•|hydroxyethoxy•jbenzene•@•i39•j•D•f8•@ln•@500•@mL•@of•@round•|

bottomed•@flask•@fitted•@with•@a•@mechanical•@stirrer•C•@a•@reflux•@condenser•C•@and•@a

dropping•@furmel•C•@64•@g•@•i1•D6•@mol•j•@of•@sodium•@hydroxide•@was•@dissolved•@in

150•@mL•@of•@methanol•D•@To•@this•@solution•@60•@g•@•iO•D55•@mol•j•@of•@1•C2•|benzenediol

•i29•j•@in•@120•@mL•@of•@methanol•@was•@added•D•@The•@flask•@was•@heated•@under

ref•yux•@for•@10ŒŒn•@afler•@which•@it•@was•@cooled•@and•@126•@g•i1•D6•@mol•jof

2•|chloroethanol•@was•@added•@dropwise•D•@The•@mixture•@was•@heated•@under•@reflux

for•@24•@h•D•@The•@methanol•@was•@removed•@under•@vacuum•@and•@a•@residue•@was

dissolved•@with•@benzene•@and•@the•@insoluble•@inorganic•@salt•@•iNaCl•j•@was•@filtrated•D

The•@methanol•@in•@the•@filtrate•@was•@evaporated•@under•@reduced•@pressure•@and

then•@distilled•@under•@vacuum•C•@bp•@194•|204•@OC•@•^•@O•D15•@mmHg•C•@giving•@39•@in•@a

yield•@of•@86•D5•@g•@•i80qe•j•D•@After•@recrystallization•@from•@benzene•C•@39•@was
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ˆê

obtained•@as•@a•@colorless•@crystal•@with•@a•@yield•@of•@83•D6•@g•@•i77ere•j•C•@having•@mp

86•D0•|87•D0•@OC•D•@IR•@•iKBr•j•@3250•@•iv•C•@OH•j•C•@1120•@and•@1250•@•iv•C•@ether•j•C•@740•@•ib

arom•D•j•@cm•|i•D

1•C2•|Bis12ˆê•i2•C3•|epoxypropoxy•jethoxy•nbenzene•@•i26•j•C•@The•@procedure

employed•@combines•@the•@method•@reported•@by•@Kuwamura•f9•@for•@the
condensation•@of•@1•|chloro•|2•C3•|epoxypropane•@•i30•j•@with•@alcohols•@and•@that

by•@Kharash•@et•@al•Dco•@for•@the•@epoxydation•@of•@chlorohydrin•@ethers•@•i40•j•C•@ln

500•@mL•@of•@three•|neck•@flask•@equipped•@with•@a•@mechanical•@stirrer•C•@a•@reflux

condeRser•C•@and•@a•@dropping•@funnel•C•@40•@g•@•iO•D2•@mol•j•@of•@39•@suspended•@in

dried•@toluene•IIb•@theŒŒxture•C0•D5•@g•@of•@SnC14•@was•@added•@and•@41•@g•i0•D2

mol•j•@of•@30•@was•@dropwise•@within•@10•@min•@instantly•D•@The•@flask•@was•@heated•@at

50•@OC•@for•@1•@h•D•@Then•@after•@cooling•@to•@room•@temperature•C•@the•@SnCla•@was

trapped•@with•@potassium•@carbonate•C•@and•@the•@solution•@diluted•@with

dichloromethane•D•@The•@dichloromethane•@solution•@washed•@several•@times•@with

water•@until•@the•@water•@layer•@remained•@neutral•D•@The•@organic•@layer•@was•@dried

with•@anhydrous•@sodium•@sulfate•C•@and•@the•@solvent•@was•@evaporated•@under

reduced•@pressure•D•@The•@residue•@40•@was•@used•@without•@further•@purification•D

•@•@•@•@The•@crude•@ether•@40•@was•@treated•@with•@KOH•@•i22•D4•@g•C•@O•D4•@mol•j•@in

absolute•@ethanol•@at•@O•|5•@OC•@to•@give•@the•@diepoxide•@26•D•@By•@vacuum•|distillation•C

the•@fraction•@boiling•@at•@170•|190•@OC•@•iO•D07•@mmHg•j•@gave•@a•@product•@•i30•D3•@g•j•C

which•@was•@crystallized•@from•@ether•@on•@cooling•@to•@O•@OC•D•@Yield•F•@15•D4•@g

•i25•“•j•D•@Mp•@39•D0•|40•D5•@eC•G•@bp•@177•|181•@OC•@•^•@lxlO•|5•@mmHg•D•@IR•@•iKBr•j•@3060•C

3000•C•@2940•C•@2890•C•@1595•C•@1505•C•@1450•C•@1333•C•@1255•C•@1220•C•@1125•C•@1050•C•@930•C

912•@•iepoxy•j•C•@858•C•@840•@•iepoxy•j•C•@and•@750•@cm•h•D•@iH•@NMR•@•iCDCI3•j•@6•@2•D62

•idd•C•@2H•j•C•@2•D78•@•idd•C•@2H•j•C•@3•D19•@•im•C•@2H•j•C•@3•D51•@•idd•@2H•j•C•@3•D78•|3•D96•@•im•C•@6H•j•C

4•D10•@•it•C•@4H•j•C•@and•@6•D90•@•is•C•@4H•j•G•@i3C•@NMR•@•iCDC13•j•@6•@121•D69•C•@114•D88•C

148•D94•@•iarom•D•@carbons•j•C•@69•D90•C•@68•D86•C•@71•D98•@•ioxymethylene•@carbon•j•C

50•D81•@•iepoxy•@methine•@carbon•j•C•@44•D19•@ppm•@•iepoxy•@methylene•@carbon•j•D

ƒmlnal•D•@Calcd•@for•@C16H2206•FC•C61•D92•GH7•D15•D•@Found•FC•C61•D95•GH•G7•D25•D

Exact•@Mass•@calcd•F•@310•D3•G•@found•F•@310•@•imolecular•@ion•j•C•@57•@•iglycidyl•@ion•j•D

5•C6•G•@14•C15ˆê•@Dibenzoˆê•@1•C2•G•@18•C19ˆê•@diepoxy•|4•C7•C10•C13•C16•|pentaoxa•|

nonadeca•|5•C14•|diene•@•i27•j•D•@A•@mixture•@of•@1•C2•G10•C11•|dibenzo•|1•C11•|

dihydroxy•|3•C6•C9•|trioxaundeca•|1•C10•|diene•@hydrate•@•i42•j2•f•@•i27•D2•@g•C•@88•D2

mmol•j•C•@1•|chloro•|2•C3•|epoxypropane•@30•@•i65•D3•@g•C•@706•@mmol•j•C•@and•@piperidine
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ˆê

hydrochloride8•@•iO•D09•@g•C•@O•D78•@mmol•j•@was•@heated•@at•@60•@OC•@for•@38•@h•D•@The

removal•@of•@the•@excess•@of•@30•@gave•@43•@which•@was•@used•@without•@further

purification•D

•@•@•@•@To•@a•@stirred•@solution•@of•@absolute•@ethanol•@•i110•@mL•j•@containing•@KOH

•i11•D9•@g•C•@211•D7•@mmol•j•@added•@a•@solution•@of•@43•@•i88•D2•@mmol•j•@in•@absolute

ethanol•@•i110•@mL•j•@for•@1•@h•@at•@ˆê10•@OC•D•@After•@this•@temperature•@being•@maintained

for•@1•@h•C•@the•@precipitated•@sodium•@chloride•@was•@filtered•@off•C•@and•@the•@alcoholic

solution•@was•@concentrated•D•@The•@residue•@was•@dissolved•@in•@water•@and•@extracted

with•@dichloromethane•D•@Recrystallization•@from•@methanol•@gave•@27•@•i5•D0•@g•C

3290•j•@of•@mp•@70•D5•|71•D8•@OC•D•@IR•@•iKBr•j•@3050•C•@2990•@•iv•C•@epoxy•j•C•@2920•C•@2875

•iv•C•@C•|H•j•C•@1585•C•@1502•C•@1445•@•iv•C•@C••C•j•C•@1253•C•@1219•@•iv•D•C•@Ar•|O•|C•j•C•@1121

•iv•D•C•@C•|O•|C•j•C•@1020•@•iv•C•C•@Ar•|O•|q•C•@908•C•@853•@•iv•D•C•@epoxy•j•C•@739•@•i6•C•@benzene

ring•@C•|H•j•D•@iH•@NMR•@•iCDC13•j•@6•@2•D71•@•idq•@2H•C•@epoxy•@methylene•j•C•@2•D84•@•idd•C

2H•C•@epoxy•@methylene•j•C•@3•D33•@•im•C•@2H•C•@epoxy•@methine•j•C•@3•D90•|4•D32•@•im•C•@12H•C

oxy•|methylene•j•C•@6•D92•@•is•C•@8H•C•@arm•D•j•D•@•f3•@C•@NMR•@•iCDC13•j•@6•@149•D11•C•@148•D72•C

122•D15•C•@121•D62•C•@115•D4•C•@114•D86•@•iaromatic•@carbons•j•C•@70•D40•C•@69•D95•C•@68•D95

•ioxymethylene•@carbons•j•C•@50•D29•@•imethine•@carbon•@of•@epoxy•@group•j•C•@44•D70

•imethylene•@carbon•@of•@epoxy•@group•j•D•@Anal•D•@Calcd•@for•@C22H2607•F•@C•C•@65•D66•G

H•@6•D51•D•@Fo•@und•F•@C•C•@65•D42•G•@ll•@6•D61•D

2•C3•C4•C5•C6•C7•C8•C9•C10•|Tris•m1•C3ˆê•i2•|methoxy•|5•|methylbenzo•j•nˆê12•C

15•C18•|trioxacyclooctadeca•|2•C5•C8•|triene•@•i45•j•D•@This•@compound•@was

prepared•@according•@to•@the•@method•@reported•@by•@Cram•@et•@al•D•h

2•C6•|Bis•@•m3•@ˆê•@•i4•C5•|epoxy•|2•|oxap•@enty•@1•j•@ˆê2•|methoxy•@ˆê5•@ˆêmethylpheny•@1•n•@ˆê

4•|methyl•|anisole•@•i28•j•D•@A•@mixture•@of•@40•@mL•@of•@50•@wt•@•“•@aqueous

sodium•@hydroxide•C•@40•@mL•@of•@1•|chloro•|2•C3•|epoxypropane•@•i30•j•C•@and•@1•@g•@of

tetrabutylammonium•@hydrogen•@sulfate•@was•@vigorously•@stirred•@at•@room
temperature•D•@To•@the•@mixture•@was•@added•@6•D9•@g•@•i16•D4•@mmol•j•@of•@2•C6•|bis•i3•|

hydoxymethyl•|2•|methoxy•|5•|methylphenyl•jˆê4•|methylanisole•@•i51•j•@with

cooling•@in•@ice•@so•@that•@the•@temperature•@did•@not•@exceed•@25•@OC•D•@After•@5•@h•C•@the

reaction•@mixture•@was•@poured•@into•@an•@ice•^water•D•@The•@aqueous•@phase•@was

extracted•@with•@dichloromethane•D•@The•@organic•@phase•@was•@washed•@with

brine•C•@dried•@with•@sodium•@sulfate•C•@filtered•C•@and•@evaporated•@under•@vacuum•D

The•@residue•@was•@purified•@by•@flash•@chromatography•@on•@silica•@gel•@•isilica•@ge1

60•C•@230•|400•@mesh•C•@Merck•j•@with•@ether•@•^•@hexane•@•iv•^v•C•@7•^3•j•@to•@give•@6•D3•@g
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ˆê

•i729e•j•@of•@27•@as•@a•@colorless•@oil•D•@•fH•@NMR•@•i400•@MHz•C•@CDC13•j•@6•@2•D34•@•is•C

outer•@ArCH3•C•@6H•j•C•@2•D36•@•is•C•@3H•C•@inner•@ArCH3•j•C•@2•D64•@•idd•C•@Jgem••5•D1•@Hz•C

Jtrans••2•E7•@HZ•C•@2H•C•@ePOXY•@CH2•j•C•@2•E81•@•idd•C•@Jgem••4•D9•@HZ•C•@Jcis••4•D3•@HZ•C•@2H•C

epoxy•@CH2•j•C•@3•D20•@•is•C•@3H•C•@inner•@CH30•j•C•@3•D21•|3•D23•@•im•C•@2H•C•@epoxy•@CH•j•C

3•D49•@•is•C•@6H•C•@outer•@CH30•j•C•@3•D53•@•idd•C•@Jge•D••11•D4•@Hz•C•@•v•Dic••5•D9•@Hz•C•@2H•C

ArCH20CH2•j•C•@3•D83•@•idd•C•@Jge•D••11•D4•@Hz•C•@Jvic••3•D1•@Hz•C•@2H•C•@ArCH20•i•@H2•j•C

4•E65•@•iAB•C•@Jgem••11•E6•@HZ•C•@2H•C•@A•@r•iII2•j•C•@4•E69•@•iAB•C•@Jgem••11•E6•@HZ•C•@2H•C•@ArCH2•j•C

7•D14•@•id•C•@•v••2•D0•@Hz•C•@2H•C•@ArH•j•C•@7•D16•@•is•C•@2H•C•@ArH•j•C•@7•D23•@•id•C•@•v••1•D9•@Hz•C•@2H•C

ArH•j•D•@Anal•D•@Calcd•@for•@C32H3sO7•F•@C•C•@71•D89•G•@H•@7•D16•D•@Found•F•@C•C•@71•D21•G•@H

7•D20•D

Polymerization•@of•@25•@with•@SnC14•C•@BF3eOEt2•@and•@AIBr3•@•ipolymer
33•j•D•@The•@solvent•@and•@25•@were•@weighed•@to•@a•@glass•@ampule•D•@The•@catalyst

solution•@was•@charged•@to•@the•@ampule•@at•@ˆê30•@OC•D•@After•@standing•@for•@48•@h•@at

this•@temperature•C•@the•@polymers•@were•@worked•@up•@by•@precipitation•@in•@an

excess•@of•@methanol•@and•@then•@dried•@in•@vacuum•D

Preparatien•@of•@the•@Vandenberg•@catalyst•D•@The•@Vandenberg•@catalyst

was•@prepared•@according•@to•@the•@method•@reported•@by•@Vandenberg•Di•f•@The

reaction•@of•@AIEt3•@with•@water•@and•@acetylacetone•@was•@carried•@out•@in•@a•@P•@yrex

tube•@fitted•@with•@a•@three•|way•@cock•D•@The•@tube•@was•@purged•@with•@dry•@nitrogen•C

and•@diethyl•@ether•@•i10•@mL•j•@was•@added•D•@To•@this•@ether•@was•@added•@AIEt3•@•i5

mmol•C•@O•D68•@mL•j•@and•@cooled•@at•@O•@OC•@Then•@to•@this•@solution•@under•@stirring•C

water•@•i2•D5•@mmol•C•@45•@ptL•j•@was•@added•@dropwise•@over•@15•@min•D•@Acetylacetone

•i2•D5•@mmol•C•@257•@ptL•j•@was•@added•@dropwise•C•@stirring•@at•@O•@OC•@continued•@for

15•@min•D•@The•@solution•@was•@followed•@by•@stirring•@overnight•@at•@room

temperature•D•@A•@clear•C•@light•|yellow•@solution•@was•@obtained•D

Polymerization•@of•@25•@with•@the•@Vandenberg•@catalyst•D•@A•@dried
toluene•@and•@25•@were•@charged•@into•@an•@ampule•D•@The•@ampule•@was•@then•@cooled

in•@liquid•@nitrogen•C•@evacuated•C•@sealed•C•@and•@then•@placed•@in•@a•@constant

temperature•@bath•D•@The•@polymer•@was•@obtained•@by•@precipitation•@in•@methanol

and•@then•@dried•@in•@vacuum•D

Polymerization•@of•@26•@with•@SnC14•C•@BF3•DOEt2•@and•@AIBr3•@•ipolymer

41•j•D•@The•@polymerization•@of•@26•@was•@carried•@out•@as•@described•@above•D
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Polymerization•@of•@26•@with•@the•@Vandenberg•@catalyst•D•@The
polymerization•@of•@26•@using•@the•@Vandenberg•@catalyst•@was•@carried•@out•@as

described•@above•D•@Anal•D•@Calcd•@for•@•iCi6H2206•jn•F•@C•C•@61•D92•G•@H•@7•D15•D•@Found•F

C•C•@59•D72•G•@E•@7•D12•D

Polymerization•@of•@27•@with•@ordinary•@acid•@catalysts•@and•@the
Vandenberg•@catalyst•@•ipolymer•@44•j•D•@Polymerization•@of•@27•@was•@carried

out•@with•@ordinary•@acid•@catalysts•@such•@as•@SnC14•@and•@BF3eOEt2•@in•@CH2C12•@at

•|30•@OC•C•@and•@by•@the•@Vandenberg•@catalyst•@in•@toluene•D•@Anal•D•@Calcd•@for

•iC22H2607•jn•F•@C•C•@65•E66•G•@H•C•@6•D51•D•@Found•@for•@the•@polymer•@prepared•@with

SnC•n‚µ•«catalyst•FC•C63•D35•GHl•@6•D42•D

Polymerizations•@of•@28•D•@The•@polymerizations•@of•@28•@were•@carried•@out

with•@BF3eOEt2•@and•@SnCla•@in•@dichloromethane•@and•@nitroethane•@at•@ˆê30•@O•@C•C

and•@with•@KOH•@and•@t•|BuOK•@in•@DMSO•@at•@room•@temperature•D•@For•@the

Vandenberg•@catalyst•C•@toluene•@was•@used•@as•@solvent•D•@The•@resulting•@polymers

were•@purified•@by•@reprecipitation•@from•@chloroform•|methanol•D

Copolymerization•@of•@25•@and•@monoepoxides•D•@The•@copolymerization
of•@25•@and•@2•C3•|epoxypropoxybenzene•@tphenyl•@glycidyl•@ether•C•@37•j•@was
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3•D2•D2 Polymerization•@of•@1•C2•|Bis•i2•C3•|epithiopropoxy•jbenzene

•@•@•@•@Some•@results•@of•@the•@polymerizations•@of•@53•@are•@given•@in•@Table•@3•D1•D

Tin•iIV•j•@chloride•@is•@an•@active•@initiator•D•@The•@Vandenberg8•@catalyst•@is•@less

effective•@for•@the•@diepisulfide•@than•@for•@the•@corresponding•@diepoxide•@25•D

The•@triisobutylaluminium•@catalyst8•@is•@effective•@for•@53•@at•@relatively•@high

temperatures•D•@The•@polymers•@obtained•@are•@white•@powders•@and•@insoluble•@in

common•@organic•@solvents•D

•@•@•@•@High•|resolution•@i•@3C•@solid•@NMR•@techniques•@showed•@the•@absence•@of•@the

episulfide•@group•@in•@the•@insoluble•@polymer•@from•@53•@•iFigure•@3•D1•j•D•@Since•@all

episulfide•@groups•@participated•@in•@the•@polymerization•C•@the•@polymers•@are
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3•D2•D3•@Structure•@of•@Poly•i•m10•nthiacrown•|3•j

•@•@•@In•@analogy•@with•@the•@case•@of•@epoxide•C•@ring•|opening•@of•@mono•|substituted

episulfides•@occurs•@in•@two•@ways•C•@i•De•D•@by•@aˆê•@or•@P•|scission•D•@ln•@the•@polymerization

of•@53•@as•@shown•@in•@Scheme•@3•D3•C•@intramolecular•@cyclization•@with•@q•@aˆê•@or

6•C•@P•|scission•@of•@two•@episulfides•@forms•@10•|membered•@rings•@•ipolymer•@55b•j•C

whereas•@ai•@6ˆê•@and•@6•C•@a•|scission•@leads•@to•@the•@formation•@of•@9ˆê•@and•@11•|membered

rings•@tpolymers•@55a•@and•@c•j•C•@respectively•D•@Although•@the•@polymer•@obtained

represents•@a•@mixture•@of•@three•@possible•@cyclic•@units•C•@even•@the•@random

orientation•@of•@ring•@opening•@gives•@50•“•@of•@benzo•|mono•|thia•m10•ncrown•|3

units•C•@polymer•@55b•C•@as•@main•@comstitutional•@units•D•@When•@the•@polymerization

occurs•@with•@some•@regularity•C•@a•@dominant•@fraction•@of•@polymer•@55b•@should

be•@observed•D

3•D3•@Synthesis•@of•@Poly•i116•nthiacrown•|5•j

3•D3•D1•@Preparation•@of•@1•C2•|Bis•m2ˆê•i2•C3•|epithiopropoxy•jethoxy•nˆê

benzene

•@•@•@As•@described•@in•@the•@previous•@section•@3•D2•D1•C•@1•C2•|bis•m2ˆê•i2•C3•|

epithiopropoxy•jethoxy•nbenzene•@54•@had•@been•@prepared•@from•@corresponding

epoxide•C•@1•C2•|bis•m2ˆêˆê•i2•C3•|epoxypropoxy•jethoxy•nbenzene•@26•C•@with•@potassium

thiocyanate•@•iScheme•@3•D4•j•D•@Diepisulfide•@54•@was•@obtained•@in•@the•@yield•@of

over•@82•“•C•@as•@colourless•@liquid•@at•@room•@temperature•D•@The•@•fH•@NMR•@spectrum
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Scheme•@3•C4

0•@•@•@0

‚¼•E‚­ˆê

26

•@•@KSCN
•@•@•@•@•@•@•@•@•@b
in•@THFeH20
at•@r•Dt•C•@for•@24•@h

–³‚­•E•q•v

54

S

•¢•t•E•rˆê

69

ƒ”•@•@•@•@•@•@•@•@•@•@•@•@•@‚¤•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚ç

•E“å•§•Q•D“å“å“å•Dèi•D“å“å“å“å•f

•@•@‚Ö

“å
“ï‹a

•@•A—i•@•C•u6•@•@•f

”ô•c

—ó
“å–|

‘›•u



ˆê•u7ƒm•[

•iJgem•••@5•D3•@Hz•j•C•@2•D51•@•iJvi•D•••@1•D0•@Hz•j•C•@and•@3•D10•@•i•v•Di•C•••@1•D3•@Hz•j•@ppm•D•@The

elemental•@analysis•@of•@54•@was•@identified•@with•@the•@corresponding•@formula

Ci6H2204S2•@within•@an•@error•@less•@than•@O•D11•“•D

3•D3•D2•@Polymerization•@of•@1•C2•|Bis•m2ˆê•i2•C3•|epithiopropoxy•jˆê

ethoxy•nbenzene

•@•@•@•@Some•@results•@of•@the•@polymerizations•@are•@in•@Table•@3•D2•D•@Tin•iIV•j•@chloride

is•@an•@active•@initiator•@in•@a•@similar•@manner•@as•@the•@polymerization•@of•@53•D•@The

Vandenberg8•@catalyst•@is•@less•@effective•@for•@diepisulfides•@than•@for•@diepoxides

26•D•@Polymers•@obtained•@are•@white•@powders•@and•@insoluble•@in•@organic•@solvents•C

except•@that•@polymer•@prepared•@with•@the•@system•@of•@SnCla•^•@ca2C12•@is•@soluble

in•@pˆê•Echlorophenol•D•@This•@soluble•@polymer•@had•@a•@low•@molecular•@weight

•iintrinsic•@viscosity•@•mn•n••O•D04•@in•@p•|chlorophenol•@at•@50•@OC•j•D
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resonances•@in•@the•@region•@of•@3•@ppm•@corresponding•@to•@the•@thiomethylene
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and•@the•@thiomethine•@group•@as•@shown•@in•@Figure•@3•D2•D•@Since•@all•@episulfide

groups•@participated•@in•@the•@polymerization•C•@polymer•@56•@is•@composed•@of

cyclic•@constitutional•@units•@i•De•D•@thiacrown•@ether•@units•D
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3•D3•D3 Structure•@of•@Poly•i•m16•nthiacrown•|5•j

•@•@•@In•@the•@polymerization•@of•@54•@intramolecular•@cyclization•@with•@q•@aˆê•@or

6•C•@6•|scission•@of•@two•@episulfides•@forms•@16•|membered•@rings•@•ipolymer•@56b•j•C
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the•@polymer•@obtained•@represents•@a•@mixture•@of•@three•@possible•@cyclic•@units•C

even•@the•@random•@orientation•@of•@ring•@opeŒŒg•@gives•@50•“of•@benzo•|mono•|

thiaˆê•m16•ncrown•|5•@units•C•@polymer•@56b•C•@as•@main•@constitutional•@units•D•@When

the•@polymerization•@occurs•@with•@some•@regularity•C•@a•@dominant•@fraction•@of

polymer•@56b•@should•@be•@observed•D

3•D4•@Cation•|Binding•@Ability

•@•@•@•@The•@ca2C12•|insoluble•@polymers•@55•@and•@56•@prepared•@with•@the•@tin•iIV•j

chloride•@catalyst•@were•@used•@for•@extraction•@of•@metal•@ions•D9•@These•@polymers

were•@swollen•@in•@this•@solvent•D

•@•@•@•@Table•@3•D3•@represents•@the•@cation•|binding•@abilities•@of•@poly•ithiacrown

ether•js•@with•@those•@of•@a•@poly•icrown•@ether•j•@obtained•@by•@cyclopolymerization
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C•@Prepared•@with•@SnC14•@as•@catalyst•@in•@nitromethane•D

d•@The•@specimen•@was•@insoluble•@in•@dichloromethane•D
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f•@Table•@2•D11•@in•@chapter•@2•D

74

•@•@•@•@•@•@•@•@•@•@“å–ô“å“å•w•A•Q•Q•A•E•D•D“å•D•E‘•

“ïi“å‘Ë1“å•D“å“å“å“å“ñ“ñ•A
èJ



•fˆê—Õ ê‚Vˆê•ôˆê

3•D5•@Concllusion

•@•@•@•@In•@previous•@chapter•@2•C•@the•@cyclopolymerization•@of•@diepoxides•@is•@a

facile•@method•@for•@synthesizing•@poly•icrown•@ether•js•@and•@poly•ihemispherand•j

with•@ether•@linkages•@in•@the•@polymer•@backbone•D

•@•@•@•@In•@this•@chapter•C•@the•@polymers•@with•@thiacrown•@ether•@units•@were

synthesized•@by•@cyclopolymerization•@of•@diepisulfides•D•@The•@monomers•C•@namely

1•C2•|bis•i2•C3•|epithiopropoxy•jbenzene•@53•@and•@1•C2•|bis•m2ˆê•i2•C3•|epithio•|

propoxy•jethoxy•nbenzene•@54•@were•@prepared•@from•@the•@corresponding
epoxides•@treated•@with•@potassium•@thiocyanate•D•@Diepithio•@compound•@53•@was

polymerized•@by•@cationic•@and•@coordination•@polymerization•@giving•@the

insoluble•@polymers•D•@The•@constitutional•@unit•@corresponded•@to•@the

beŽMo•y10•zmonothiacro‡oˆê3•D•@The•@polymer•@55•@showed•@low•@cation•|bŒŒding

ability•@because•@the•@ring•@size•@of•@the•@cyclic•@unit•@in•@the•@polymer•@is•@too•@small•D

•@•@•@•@A•@poly•ibenzo•m16•nmonothiacrown•|5•j•@56•@was•@synthesized•@from•@the

diepithio•@monomer•@54•D•@The•@polymer•@56•@obtained•@are•@white•@powders•@and

insoluble•@in•@organic•@solvents•C•@except•@that•@polymer•@prepared•@with•@tin•iIV•j

chloride•@is•@soluble•@in•@p•|chlorophenol•D•@Since•@the•@spectral•@data•@indicated•@the

absence•@of•@the•@characteristic•@proton•@resonances•@due•@to•@episulfide•@group•C

the•@polymer•@is•@composed•@of•@cyclic•@constitutional•@unit•@according•@the

cyclopolymerization•@mechanism•D•@The•@polymer•@is•@fitting•@to•@bind•@metal•@ions

such•@as•@Cu2•f•C•@Ni2•g•C•@Co2•f•C•@and•@Hg2•f•D•@This•@indicates•@the•@characteristics•@of

thiacrown•@ethers•@with•@the•@sulfide•@group•@being•@a•@soft•@base•@which•@has•@a•@high

affinity•@for•@soft•@acids•D
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3•D6•@ExperimentaR•@Section

Measurements•D•@iH•@NMR•@spectra•@were•@recorded•@with•@a•@Hitachi•@R90H

FT•|NMR•@and•@a•@Bruker•@MSL•@400•@instrument•D•@•f3•@C•@NMR•@and•@CPAVLAS

NMR•@spectra•@were•@obtained•@on•@a•@Bruker•@MSL•@400•@instrument•D•@IR•@spectra

were•@obtained•@on•@a•@Jasco•@A•|102•@spectrometer•@and•@Shimazu•@IR•|435

spectrometer•D•@UV•@spectra•@were•@recorded•@on•@a•@Jasco•@660•@UVMS
spectrophotometer•D

Materials•D•@Boron•@trifluoride•@etherate•@and•@tin•iIV•j•@chloride•@were•@purified

by•@distillation•@of•@commercial•@reagents•@under•@reduced•@pressure•D•@Potassium

hydroxide•@and•@potassium•@tert•|butoxide•@•i1•D0•@M•@solution•@in•@tetrahydrofuran•j

were•@purchased•@from•@Aldrich•D•@Triethylaluminium•@•iAIEt3•j•@was•@kindly

supplied•@from•@To•@y•@o•@Stauffer•@Chemical•@Co•D•C•@Ltd•D•@and•@used•@without•@further

purification•D•@Dichloromethane•C•@1•C2•|dichloroethane•C•@nitroethane•C•@and

dimethyl•@sulfoxide•@•iDMSO•j•@were•@purified•@by•@the•@usual•@methods•@and

distilled•@over•@calcium•@hydride•@before•@use•@for•@polymerization•D•@Toluene

was•@distilled•@from•@sodium•|benzophenone•D•@Dibenzo•m18•ncrown•|6•@was
prepared•@by•@the•@method•@of•@Pedersen•D•fO

1•C2•|Bis•i2•C3•|epithiopropoxy•jbenzene•@•i53•j•D•@The•@procedure•@employed
improves•@the•@method•@reported•@by•@Schuetz•@et•@al•D7•F•@ln•@100•@mL•@of•@round•|bottom

Š§ask•C•@a•@solution•@of•@2•D5•@g•i11•@mmol•jof•@1•C2•|bis•i2•C3•|epoxypropoxy•jbeŽMene

•i25•j•@in•@10•@mL•@of•@tetrahydrofuran•@•iTHF•j•@was•@added•@to•@stirred•@solution•@of

6•D6•@g•@•i68•@mmol•j•@of•@potassium•@thiocyanate•@in•@8•@mL•@of•@water•@at•@room

temperature•D•@As•@the•@THF•@solution•@was•@added•@dropwise•C•@the•@mixture•@became

heterogeneous•D•@ln•@order•@to•@prevent•@this•@state•C•@further•@amounts•@of•@THF

were•@added•@periodically•D•@After•@24•@h•C•@the•@solution•@was•@extracted•@with

chloroform•D•@The•@extract•@was•@dried•@with•@anhydrous•@sodium•@sulfate•C•@and

the•@chloroform•@was•@removed•@under•@vacuum•@and•@purified•@by•@column

chromatography•@on•@silica•@gel•@•iSilica•@gel•@60•@MERCK•j•@with•@chloroform•D

When•@the•@connected•@chloroform•@solution•@evaporated•C•@the•@residue•@gave•@a

product•@which•@was•@crystallized•@from•@a•@hexane•@•^•@ethyl•@acetate•@mixture•@in

colourless•@needles•@of•@53•@in•@the•@yield•@of•@1•D35•@g•@•i84•“•j•C•@mp•@70•|71•@OC•D•@iH

NMR•@•iCDC13•j•@6•@2•D30•@•ida•@2H•j•C•@2•D57•@•idq•C•@2H•j•C•@3•D29•@•ip•C•@2H•j•C•@3•D94•@•iq•C•@2H•j•C

4•D27•@•iq•C•@2H•j•C•@and•@6•D92•@ppm•@•is•C•@4H•j•D•@Anal•D•@Calcd•@for•@Ci2Hi402S2•F•@C•C
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•w4 u7ƒmƒŒ•[

56•D69•G•@H•@5•D52•G•@S•C•@25•D12•D•@Found•F•@C•C•@56•D66•G•@H•C•@5•D55•G•@S•C•@25•D21•D

1•C2•|Bis•m2ˆê•i2•C3•|epithiopropoxy•jethoxy•nbenzene•@•i54•j•D•@The
procedure•@is•@similar•@to•@that•@used•@for•@53•C•@except•@that•@the•@THF•@solution•@of

3•D2•@g•@•i11•@mmol•j•@of•@1•C2•|bis•i2•C3•|epoxypropoxy•jethoxy•nbenzene•@•i26•j•@was

added•@to•@the•@aqueous•@solution•@of•@potassium•@thiocyanate•@under•@cooling•@in

an•@ice•|bath•D•@The•@chloroform•@was•@removed•@from•@the•@extract•C•@and•@the

residue•@was•@purified•@by•@column•@chromatography•@on•@silica•@gel•@•iSilica•@ge1

60•@MERCK•j•@with•@hexane•@•^•@ethyl•@acetate•@•i4•@•^•@1•j•C•@giving•@a•@colourless•@oil•@of

54•@in•@the•@yield•@of•@3•D1•@g•@•i82•“•j•D•@iH•@NMR•@•iCDC13•j•@6•@2•D23•@•idd•C•@2H•j•C•@2•D51

•idq•C•@2H•j•C•@3•D10•@•ip•C•@2H•j•C•@3•D48•|4•D23•@•im•C•@12H•j•C•@and•@6•D91•@•is•C•@4H•j•D•@Anal•D•@Calcd

for•@Ci6H2204S2•F•@C•C•@56•D11•G•@H•C•@6•D48•G•@S•C•@18•D72•D•@Found•F•@C•C•@56•D12•G•@H•C•@6•D52•G•@S•C

18•D61•D

Polymerization•@of•@53•@and•@54•D•@The•@polymerization•@were•@carried•@out

with•@ordinary•@acid•@catalysts•C•@and•@by•@the•@Vandenberg•@catalyst•@•iAIEt3•@•I•@H20

•^•@acetylacetone•C•@molar•@ratio•@2•F1•F18•@and•@triisobutylaluminium•@catalyst

Al•ii•|Bu•j3•@•^•@H20•C•@molar•@ratio•@2•F1•D8

Cation•|binding•@ability•D•@The•@extraction•@of•@metal•@picrate•@was•@carried

out•@using•@a•@similar•@procedure•@as•@the•@one•@developed•@by•@Pedersen•D9
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Syntheses•@of•@Optically•@Active•@Poly•idibenzo•m19•nˆê

crown•|6•js•@via•@CycRopoRymerization•@of•@Diepoxides

•@•@•@•@Although•@chiral•@crown•@ethers•@are•@important•@hosts•@in•@host•|guest

chemistry•C•@limited•@works•@have•@reported•@polymers•@with•@chiral•@crown•@ether

units•D•f•@Yokota•@and•@Kakuchi•@have•@established•@that•@optically•@active•@poly•icrown

ether•js•@are•@easily•@synthesized•@through•@the•@cyclopolymerization•@of•@divinyl

ethers•@incorporating•@•iR•jˆê•@and•@•iS•jˆê1•C1•fˆêbi•|2•|naphthol•C2•@D•|mamitol•C3•@L•|

threitol•C•e•@and•@altroˆê•C•@galactoˆê•C•@glucoˆê•C•@and•@mannopyranosides5•@residues•C•@in

which•@the•@crown•@ethers•@exhibit•@a•@chiral•@recognition•@ability•@toward•@the

a•|amino•@acid•D

4•D1•@CyclopoRymerization•@of•@Chiral•@Diepoxides

•@•@•@•@Optically•@active•@macromolecules•@have•@been•@reported•@to•@be•@synthesized

by•@many•@methods•D6•@For•@the•@cyclopolymerization•@system•C•@therefore•C•@suitable

designs•@and•@controlled•@polymerizations•@of•@bifunctional•@monomers•@may

produce•@chiral•@polymeric•@crown•@ethers•D•@ln•@chapter•@2•C•@it•@is•@described•@that

diepoxide•@is•@one•@of•@the•@monomers•C•@as•@in•@the•@case•@of•@chiral•@divinyl•@ethers•C

that•@can•@be•@used•@for•@the•@cyclopolymerization•@forming•@polymers•@with
crown•@ether•@units•D7•f8•@For•@example•C•@optically•@inactive•@5•C6•F14•C15•|dibenzo•|

1•C2•F18•C19•|diepoxy•|4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@•m•i•}•jˆê27•n

was•@polymerized•@with•@anionic•C•@cationic•@and•@the•@Vandenberg•@catalysts•@to

yield•@polymers•@with•@dibenzo•m19•ncrown•|6•@•ipolymer•@44b•j•@as•@the•@main•@units•C

and•@dibenzo•m18•ncrown•|6•@•ipolymer•@44a•j•@and•@dibenzo•m20•ncrown•|6•@•ipolymer

44c•j•@as•@the•@minor•@ones•C•@as•@shown•@in•@Scheme•@2•D12•D9•@The•@present•@study

then•@aims•@at•@the•@preparation•@of•@polymeric•@chiral•@crown•@ethers•@through

regioˆê•@and•@stereospecific•@cyclopolymerization•@of•@the•@enantiomerically•@pure

diepoxides•D

•@•@•@•@This•@chapter•@is•@focussed•@on•@the•@preparation•@of•@•iR•C•@R•jˆê•iˆê•jˆê27•@and

•iS•CS•jˆê•i•{•jˆê27•@using•@chiral•@1•|chloro•|2•C3•|epoxypropane•@30•C•@as•@shown•@in

Scheme•@4•D1•C•@their•@cyclopolymerization•@with•@cationic•@and•@anionic•@initiators•C

and•@the•@stereoregularity•C•@the•@chiroptical•@property•C•@and•@the•@chiral•@recognition
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•xˆê @rr•ôˆêˆê

of•@the•@resulting•@polymers•D

4•D2•@Synthesis•@of•@Chiral•@Poly•idibenzo119•ncrown•|6•js

4•D2•D1•@Preparation•@of•@•i2R•C18R•jˆê•iˆê•jˆê•@and•@•i2S•C18S•jˆê•i•{•jˆê5•C6•F14•C15•|

Dibenzoˆê•@1•C2•F18•C19ˆê•@diepoxyˆê•@4•C7•C10•C13•C16ˆê•@pentaoxanonadeca•|

5•C14•|diene

•@•@•@•@Already•@described•@in•@chapter•@2•C•@the•@monomers•C•@•i2R•C18R•jˆê•iˆê•jˆê•@and

•i2S•C18S•jˆê•i•{•jˆê5•C6•G14•C15ˆê•@dibenzoˆê•@1•C2•G18•C19ˆê•@diepoxyˆê•@4•C7•C10•C13•C16ˆê•@penta•|

oxanonadeca•|5•C14•|diene•@•m•iR•C•@R•jˆê•iˆê•jˆê27•@and•@•iS•C•@S•jˆê•i•{•jˆê27•n•@were•@prepared

by•@the•@condensation•@of•@1•C2•G10•C11•|dibenzo•|1•C11•|dihydroxy•|3•C6•C9•|

trioxaundeca•|1•C10•|diene•@42•@with•@•i2S•jˆê•i•{•jˆê•@and•@•i2R•jˆê•iˆê•jˆê1•|chloro•|2•C3•|

epoxypropane•@•m•iS•jˆê•i•{•jˆê•@and•@•iR•jˆê•iˆê•jˆêepichlorohydrin•C•@•iS•jˆê•i•{•jˆê30•@and

•iR•jˆê•iˆê•jˆê30•n•@in•@the•@presence•@of•@piperidine•@hydrochloride•@and•@subsequent

ring•@closure•@with•@potassium•@hydroxide•D•@ln•@the•@series•@of•@reactions•@with•@the

Walden•fs•@inversion•C•@the•@starting•@material•@30•@converts•@to•@the•@product•@27

with•@clear•|cut•@inversion•@of•@the•@configuration•D•@•iS•jˆê•i•{•jˆê•@and•@•iR•jˆê•iˆê•jˆê30•C

therefore•C•@resulted•@in•@•iR•C•@R•jˆê•iˆê•jˆê•@and•@•iS•C•@S•jˆê•i•{•jˆê27•C•@respectively•D

•@•@•@•@•@•iR•CR•jˆê27•@obtained•@as•@a•@white•@powder•@after•@recrystallization•@from

methanol•@showed•@a•@melting•@point•@in•@the•@range•@from•@91•D3•@to•@92•D9•@OC•@and

•iS•CS•jˆê27•@in•@the•@range•@from•@91•D6•@to•@93•D2•@OC•D•@These•@melting•@points•@are

different•@from•@that•@of•@the•@enantiomeric•@and•@diastereomeric•@mixtures•@•i•}•jˆê27

in•@the•@range•@from•@70•D5•@to•@71•D8•@OC•D•@The•@iH•@NMR•@spectra•@of•@•iR•C•@R•jˆê•@and

•iS•CS•jˆê27•@showed•@the•@resonances•@at•@2•D71•C•@2•D84•C•@and•@3•D33•@ppm•@due•@to•@epoxy

methylene•@and•@methine•@protons•D•@ln•@the•@i•Ž•@NMR•@spectra•@also•@the•@resonances

of•@epoxy•@methylene•@and•@methine•@carbons•@presented•@at•@44•D70•@and•@50•D29

ppm•C•@respectively•D•@The•@elemental•@analysis•@was•@identified•@with•@the

corresponding•@formula•@C22H2607•@in•@an•@error•@less•@than•@O•D3•“•D•@The•@optical

rotatory•@dispersion•@curves•@of•@•iR•C•@R•jˆê•iˆêˆê•jˆê•@and•@•iS•C•@S•jˆê•i•{•jˆê27•@are•@shown•@in

Figure•@4•D1•D•@Both•@of•@the•@curves•@were•@equal•@in•@magnitude•C•@but•@opposite•@in

sign•@in•@the•@ultraviolet•@region•D
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Figure•@4•D1•D•@Optical•@rotatory•@dispersion•@curves•@of•@•iR•CR•jˆê•iˆê•jˆê

and•@•iS•CS•jˆê•i•{•jˆê27•D

4•D2•D2•@Polymerizations•@of•@•i2R•C18R•jˆê•iˆê•jˆê•@and•@•i2S•C18S•jˆê•i•{•jˆê

5•C6•F14•C15•|Dibenzo•|1•C2•F18•C19•|diepoxy•|4•C7•C10•C13•C16•|pentaoxa•|

nonadeca•|5•C14•|diene

•@•@•@•@Some•@results•@of•@the•@polymerizations•@of•@•iR•C•@R•jˆê•iˆê•jˆê•@and•@•iS•C•@S•jˆê•i•{•jˆê27•C

and•@of•@the•@enantiomeric•@and•@diastereomeric•@mixture•@of•@27•@•i•i•}•jˆê27•j•@that

was•@described•@in•@chapter•@29•@are•@listed•@in•@Table•@4•D1•D•@The•@cationic

polymerization•@of•@27•@with•@boron•@trifluoride•@etherate•@and•@tin•iIV•j•@chloride

proceeded•@homogeneously•@up•@to•@high•@conversion•D•@The•@resulting•@polymers

were•@sticky•@seŒŒˆêsolid•C•@and•@soluble•@in•@chloroform•@and•@tetrahydrofuran•D

The•@number•|average•@molecular•@weight•@•iM•D•j•@of•@polymers•@varied•@in•@the

range•@from•@1•C300•@to•@3•C900•D•@The•@polymerization•@of•@chiral•@27•@with•@potassium

hydroxide•@was•@heterogeneous•C•@while•@that•@of•@•i•}•jˆê27•@was•@homogeneous•D

The•@powdery•@polymers•@obtained•@were•@soluble•@in•@chloroform•@but•@only

slightly•@soluble•@in•@tetrahydrofuran•G•@the•@solubility•@is•@different•@from•@that•@of

polymers•@obtained•@with•@cationic•@initiators•D

•@•@•@•@The•@i•@H•@NMR•@spectra•@of•@•iR•C•@R•jˆê•iˆê•jˆê27•C•@the•@polymer•@obtained•@with

potassium•@hydroxide•@•ipolymer•@44•iVll•j•j•C•@and•@the•@polymer•@of•@•i•}•jˆê27•@obtained
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with•@tin•iIV•j•@chloride•@•ipolymer•@44•iM•j•j•@are•@shown•@in•@Figure•@4•D2•D•@The
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differential•@scanning•@calorimetry•@measurement•@in•@which•@a•@sharply
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the•@concentration•@in•@the•@water•@phase•C•@respectively•D•h

•@•@•@•@The•@excess•@enantiomer•@of•@guest•@extracted•@into•@the•@CH2C12•@phase•@was

the•@D•|isomer•@for•@every•@host•|guest•@system•C•@which•@means•@that•@•iS•C•@S•jˆê

dibenzo•m19•ncrown•|6•C•@the•@main•@units•@in•@both•@polymers•C•@form•@the•@complex

predoŒŒnantly•@with•@D•|enantiomer•D•@The•@optical•@purities•@of•@guests•@were

undoubtedly•@low•@with•@values•@ranging•@from•@O•D5•@to•@5•D4ere•C•@and•@the•@maximum

value•@of•@the•@enantiomer•@distribution•@constant•@•iEDC•j•@was•@obtained•@as•@1•D19

for•@the•@polymer•@44•iVM•jˆêPhGlyOCH3•@system•D•@The•@EDC•@values•@for•@every

guest•@were•@higher•@for•@polymer•@44•iVlil•j•@than•@for•@polymer•@44•ill•j•D•@This

result•@is•@reflected•@by•@the•@fact•@that•@the•@stereoregularity•C•@i•De•D•@the•@molar•@ratio

of•@•iS•C•@S•jˆê•m19•ncrown•|6•@unit•C•@is•@higher•@for•@polymer•@44•iVlll•j•@than•@for•@polymer

44•ill•j•D

4•D4•@Conclusion

•@•@•@•@Chiral•@diepoxides•C•@•i2R•C18R•jˆê•iˆê•jˆê•@and•@•i2S•C18S•jˆê•i•{•jˆê5•C6•F•@14•C15•|dibenzo•|

1•C2•F18•C19•|diepoxy•|4•C7•C10•C13•C16•|pentaoxanonadeca•|5•C14•|diene•@•m•iR•C•@R•jˆê•iˆê•jˆê

27•@and•@•iS•C•@S•jˆê•i•{•jˆê27•n•C•@were•@synthesized•@enantiomerically•C•@and•@polymerized

with•@a•@Lewis•@acid•@and•@KOH•D•@All•@the•@polymers•@obtained•@were•@soluble•@in

caC13•C•@and•@consisted•@essentially•@of•@cyclic•@repeating•@units•D•@The•@CD•@spectra

of•@polymers•@from•@•iR•C•@R•jˆê•iˆê•jˆê27•@showed•@a•@positive•@Cotton•@effect•C•@while•@the

polymers•@from•@•iS•C•@S•jˆê•i•{•jˆê27•@presented•@a•@mirror•@image•@CD•@curve•@with•@a

negative•@Cotton•@effect•D•@The•@polymers•@obtained•@with•@KOH•@possessed•@higher

stereoregularity•@than•@those•@with•@a•@Lewis•@acid•D•@The•@stereochemistry•@of

polymers•@from•@•iR•C•@R•jˆê•iˆê•jˆê27•@and•@•iS•C•@S•jˆê•i•{•jˆê27•@with•@KOH•@were

poly•m•iR•C•@R•jˆêdibenzo•m19•ncrown•|6•n•@and•@poly•m•iS•C•@S•jˆêdibenzo•m19•ncrown•|6•n•C

respectively•D•@Polymers•@44di•j•@and•@44•iwn•j•@obtained•@from•@•iS•C•@S•jˆê•i•{•jˆê27•@with

SnC14•@and•@KOH•C•@respectively•C•@formed•@the•@host•|guest•@complex•@dominantly

with•@the•@D•|isomer•@of•@phenylglycine•C•@phenylalanine•C•@and•@methionine•@methyl

esters•D•@The•@optical•@purities•@of•@guests•@extracted•@by•@the•@both•@polymers•@were

as•@low•@as•@values•@ranging•@from•@O•D5•@to•@5•D4•“•D•@For•@every•@host•|guest•@system•C

the•@chiral•@recognition•@property•@of•@polymer•@44•iwn•j•@was•@higher•@than•@that•@of

polymer•@44a•j•E

•@•@•@•@Although•@many•@studies•@have•@been•@reported•@on•@the•@enantioselective

90



4 vˆê•f•vˆêˆêˆê•pŽR•@

polymerization•@of•@racemic•@epoxides•@and•@on•@the•@stereoselective
polymerization•@of•@one•@enantiomer•C•@the•@chiral•@polymers•@obtained•@have•@not

found•@application•@as•@agents•@for•@the•@optical•@resolution•@of•@racemates•D•@Optically

active•@glycidol•@and•@its•@derivatives•C•@which•@are•@commercially•@available•@and

are•@usefu1•@for•@chiral•@building•@blocks•@in•@organic•@synthesis•C•@have•@great

potential•@importance•@as•@monomers•@for•@producing•@functional•@polymers•D•@ln

the•@present•@study•C•@the•@regioˆê•@and•@stereospecific•@polymerizations•@of•@chiral

diepoxides•C•@•iR•C•@R•jˆê•iˆê•jˆê•@and•@•iS•C•@S•jˆê•i•{•jˆê27•C•@successfully•@react•@to•@yield

poly•m•iR•C•@R•jˆêdibenzo•m19•ncrown•|6•n•@and•@poly•m•iS•C•@S•jˆêdibenzo•m19•ncrown•|6•n•C

respectively•C•@which•@exhibit•@chiral•@recognition•@ability•@towards•@racemic

a•|amino•@acids•D
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4•D5•@Experimental•@Section

Measurements•D•@iH•@and•@•f3C•@NMR•@spectra•@were•@recorded•@with•@a•@Bruker

MSL•@400•@instrument•D•@UV•@spectra•@were•@recorded•@on•@a•@Jasco•@660•@UV•@•^•@VIS

spectrophotometer•D•@Optical•@rotations•@were•@made•@with•@a•@Jasco•@DIP•|140

digital•@polarimeter•D•@CD•@spectral•@measurements•@were•@carried•@out•@at•@25•@OC

in•@hexafluoroisopropanol•@•iHFIP•j•@with•@a•@sample•@of•@O•D5•@mg•@•^•@1•@mL•@using•@a

Jasco•@J•|720•@spectropolarimeter•D•@The•@path•@length•@of•@the•@cell•@was•@O•D1•@cm•D

X•|ray•@diffraction•@profiles•@were•@obtained•@in•@a•@Rigaku•|Denki•@Geigerflex

D•|3F•@apparatus•@with•@monochromatized•@Cu•@Kct•@radiation•D•@Differential

scanning•@calorimetry•@was•@performed•@with•@a•@Seiko•@SSC•@5200•@thermal

analysis•@system•D•@The•@molecular•@weights•@of•@the•@resulting•@polymers•@were

measured•@by•@gel•@permeation•@chromatography•@•iGPC•j•@in•@tetrahydrofuran

on•@a•@WATERS•@M45•@high•|performance•@liquid•@chromatograph•@equipped
with•@three•@polystyrene•@gel•@columns•@•iShodex•@KF•|804•j•C•@and•@in•@chloroform

on•@a•@Shodex•@DS•|4•@with•@two•@columns•@of•@Shodex•@K•|801•@and•@K•|802•D5•D•@The

number•|average•@molecular•@weight•@•iMn•j•@was•@calculated•@on•@the•@basis•@of•@a

polystyrene•@calibration•D

Materials•D•@•iR•jˆê•iˆê•jˆê•@and•@•iS•jˆê•i•{•jˆê1•|Chloro•|2•C3•|epoxypropanes

•iepichlorohydrins•j•@•m•iR•jˆê•@and•@•iS•jˆê30•n•@were•@obtained•@from•@Daiso•@Co•D•C•@Ltd•D

and•@their•@optical•@purity•@are•@more•@than•@98•“•@ee•D•@Boron•@trifluoride•@etherate

•iBF3eOEt2•j•@and•@tin•iTV•j•@chloride•@•iSnC14•j•@were•@purified•@by•@distillation•@of

commercial•@products•@under•@reduced•@pressure•D•@Potassium•@hydroxide•@•iKOH•j

was•@obtained•@from•@Kanto•@Chemical•@Co•D•C•@lnc•D•@and•@used•@without•@further

purification•D•@Nitroethane•@and•@dimethyl•@sulfoxide•@were•@purified•@by•@the

usual•@methods•@and•@distilled•@over•@calcium•@hydride•D

•i2R•C18R•jˆê•iˆê•jˆê5•C6•F14•C15•|Dibenzo•|1•C2•@•F18•C19•|diepoxyˆê•@4•C7•C10•C13•C

16•|pentaoxanonadeca•|5•C14•|diene•@•m•iR•CR•jˆê•iˆê•jˆê271•D•@The•@syntheses•@of

chiral•@diepoxides•@•m•iR•C•@R•jˆê•iˆê•j•Eˆê•@and•@•iS•C•@S•jˆê•i•{•jˆê27•n•@followed•@the•@reported

procedure•@for•@the•@enantiomeric•@and•@diastereomeric•@mixture•@of•@27•@•m•i•}•jˆê27•n

in•@chapter•@2•D9•@The•@reaction•@of•@8•D3•@g•@•i28•D6•@mmol•j•@of•@1•C2•F10•C11•|dibenzo•|

1•C11•|dihydroxy•|3•C6•C9•|trioxaundeca•|1•C10•|diene•@•i42•j•@with•@20•@g•@•i216•@mmol•j

of•@•iS•jˆê•i•{•jˆêepichlorohydrin•@•m•iS•jˆê30•n•@in•@the•@presence•@of•@piperidine

hydrochloride•@was•@carried•@out•@at•@60•@eC•C•@and•@then•@the•@resulting
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bischlorohydrin•@was•@treated•@with•@alcoholic•@potassium•@hydroxide•@at•@ˆê10•@OC

to•@give•@5•D6•@g•@of•@•iR•C•@R•jˆê•iˆê•jˆê27•@•iyield•C•@489e•j•@as•@a•@white•@powder•C•@mp•@91•D3•|92•D9

0C•D•@•mct•n•D•@•••@ˆê•Z•D64•C•@•moL•n•C•C•C•@•••@ˆê•Z•D78•C•@•moe•n•C•C•C•@•••@ˆê•Z•D68•C•@•moe•n•C•C•C•@•••@•{1•D22•C•@•moc•n•C•C•C•@••

•{2•D60•D•@•ic••1•D28•@in•@CHCI3•C•@24•@OC•j•D•@•fH•@NMR•@•iCDC13•j•@6•@2•D71•@•idd•C•@2H•C•@epoxy

•|CH2ˆê•j•C•@2•D84•@•idq•@2H•C•@epoxy•@ˆêCH2ˆê•j•C•@3•D33•@•im•C•@2H•C•@ˆêCHˆê•j•C•@3•D90•|4•D32•@•im•C

12H•C•@ˆê•ZCH2ˆê•j•C•@6•D92•@ppm•@•is•C•@8H•C•@arom•D•j•D•@•f3C•@NMR•@•iCDC13•j•@6•@149•D11•C

148•D72•C•@122•D15•C•@121•D62•C•@115•D4•C•@114•D86•@•iarom•D•j•C•@70•D40•C•@69•D95•C•@68•D95•@•iˆê

•ZCH2ˆê•j•C•@50•D29•@•iˆêCHˆê•j•C•@44•D70•@ppm•@•iepoxy•@ˆêCH2ˆê•j•D•@IR•@•iKBr•j•@3050•C•@2990

•iv•C•@epoxy•j•C•@2920•C•@2875•@•iv•C•@C•|H•j•C•@1585•C•@1502•C•@1445•@•iv•C•@C••C•j•C•@1253•C•@1219

•ivas•C•@Ar•|O•gC•j•C•@1121•@•ivas•C•@C•fO•|C•j•C•@1020•@•ivs•C•@Ar•|O•|C•j•C•@908•C•@853•@•ivas•C

epoxy•j•C•@739•@•i6•C•@benzene•@ring•@C•|H•j•D•@Anal•D•@Calcd•@for•@C22H2607•F•@C•C•@65•D66•G

H•C•@6•D51•D•@Found•F•@C•C•@65•D42•G•@H•C•@6•D54•D

•i2S•C18S•j•D•i•{•jˆê5•C6•F14•C15ƒ•Dibenzo•E1•C2•F18•C19•Ediepoxyo•@4•C7•C10•C13•C

16•|pentaoxanonadeca•|5•C14•|diene•@•m•iS•CS•jˆê•i•{•jˆê27•n•D•@From•@4•D2•@g•@•i14•D3

mmol•j•@of•@42•@with•@10•@g•@•i108•@mmol•j•@of•@•iR•jˆê•iˆê•jˆê30•C•@3•D2•@g•@of•@•iS•C•@S•jˆê•i•{•jˆê27

was•@obtained•@as•@a•@white•@powder•@•iyield•C•@56•“•j•D•@Mp•@91•D6•|93•D2•@OC•D•@•mct•n•D•@••

•{O•D960•C•@•mct•ns7•C•@•••@•{O•D87•C•@•moc•n•C•C•C•@•••@•{O•D76•C•@•moc•n•C•Cs•@•••@ˆêˆê1•D070•C•@•moe•n•C•C•C•@•••@ˆê2•D880•D

•ic••1•D21•@in•@•iHCI3•C•@28•@OC•j•D•@The•@i•@H•@and•@i3C•@spectra•@of•@•iS•C•@S•jˆê•i•{•jˆê27•@was

identical•@with•@those•@of•@•iR•C•@R•jˆê•iˆê•jˆê27•D•@Anal•D•@Calcd•@for•@C22H2607•@•F•@C•C•@65•D66•G

H•C•@6•D51•D•@Found•F•@C•C•@65•D36•G•@H•C•@6•D47•D

Polymerizations•D•@The•@cationic•@polymerizations•@were•@carried•@out•@with

BF3•@e•@OEt2•@and•@SnC14•@in•@nitroethane•@at•@ˆê30•@OC•C•@and•@the•@anionic•@ones•@with

potassium•@hydroxide•@in•@dimethyl•@sulfoxide•@at•@room•@temperature•D•@The

resulting•@polymers•@were•@purified•@by•@reprecipitation•@from•@chloroform•|

methanol•D

Mole•@fraction•@of•@the•@cyclic•@structural•@units•@•if•D•j•D•@The•@mole•@fraction

of•@the•@cyclic•@stmctural•@units•@in•@the•@polymers•@was•@deterŒŒned•@from•@the

relative•@peak•@areas•@of•@the•@protons•@in•@the•@iH•@NMR•@spectra•D

Chiral•@recognition•@toward•@methyl•@ester•@of•@a•|amino•@acid•D•@The
procedure•@for•@the•@chiral•@recognition•@of•@chiral•@polymers•@was•@carried•@out

by•@a•@similar•@experiment•@to•@the•@one•@reported•@by•@Yokota5
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A•@New•@Family•@of•@Macromolecular•@lonophores

•@•@•@Host•|guest•@complexation•@is•@an•@important•@concept•@in•@all•@the•@fields•@of

chemistry•D•f•@A•@purpose•@of•@this•@study•@is•@to•@establish•@the•@synthetic•@method

for•@host•@polymers•@and•@to•@clarify•@their•@structural•@properties•@in•@complexation•D

In•@this•@chapter•@the•@synthesis•@of•@macromolecular•@ionophores•@via
cyclopolymerization•@of•@diepoxides2•@is•@described•D

5•D1•@lonophores

•@•@•@The•@naturally•@occurring•@ionophores•@containing•@polyether•@antibiotics•C

such•@as•@monensin•@12•C•@nigericin•@57•C•@antibiotic•@X•|206•@58•C•@and•@alborixin

59•C•@are•@constructed•@by•@a•@formally•@linear•@array•@of•@tetrahydrofuranyl•@and

tetrahydropyranyl•@rings•@as•@shown•@in•@Scheme•@5•D1•D•@The•@ionophores•@form

Scheme•@5•D1•@•@•@0H•@•@•@•@•@•@•@•@•@•@Me•@•@•@Me
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Ne•@•DF2•@•@H
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚µ•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ì

•@•@•@•@•@•@•@•@Melll•œ•@•@•g•@•@•@•@N•A•@•@•eˆê•A•@•@•@•@•@•@•@•@Me
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒÂO‹•0‚ÚOH•c•fCH2•EH•@•@•@•@•@•@Me•i—š
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ˆê•@ˆê7ƒm•vˆêˆê•xˆêˆê•xme

lipophilic•@complexes•@with•@cations•C•@which•@transport•@the•@cations•@across•@a

membrane•D•@a•C•@ca•|Poly•icyclooxalkane•jdiyl•C•@so•|called•@synthetic•@polyether

ionophore•C•@was•@synthesized•@through•@ring•@expansion•@of•@the•@oxiranes•@derived

from•@the•@polymers•@of•@butadiene•@and•@cyclopentene•@by•@Smith•D3•@The•@obtained

polymer•C•@threo•|a•C•@to•|poly•i2•C6•|tetrahydrofuran•jdiyl•@15•C•@possessed•@the

binding•@ability•@with•@cations•C•@e•Dg•D•@Li•f•C•@Ba2•f•@and•@methylene•@blue•@•iScheme

1•D8•j•D•@ln•@addition•C•@poly•i7•|oxanorbornene•j•@16•@was•@synthesized•@through•@the

metathesis•@polymerization•@by•@Grubbs•e•C•@which•@bound•@various•@cations

contaming•@methylene•@blue•@and•@rhodamine•@6G•@as•@shown•@in•@Scheme•@1•D9•D

Unlike•@the•@crown•@ethers•C•@these•@acyclic•@ionophores•@form•@helical•@conformers

capable•@of•@varying•@their•@pitch•@and•@cavity•@size•@to•@optimize•@multidentate
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coordination•@with•@a•@given•@cation•D•@The•@polymer•@acting•@as•@ionophores•@must

be•@controlled•@to•@have•@a•@higher•@order•@structure•@like•@helical•@structure•D•@The

monomers•C•@1•C2•F5•C6•|dianhydro•|3•C4•|di•|0•|methyl•|D•|mannitol•@605•C•@1•C2•F5•C6•|

dianhydro•|3•C4•|di•|O•|ethyl•|D•|mannitol•@615•C•@and•@1•C2•F5•C6•|dianhydro•|3•C4•|O•|

isopropylidene•|D•|mannitol•@626•@best•@fit•@to•@achieve•@the•@purpose•@of•@synthesis

for•@polymers•@containing•@tetrahydrofuranyl•@and•@tetrahydropyranyl•@rings•D

D•|Mamitol•@having•@a•@C2•|symmetry•@is•@a•@usefu1•@unit•@as•@chiral•@element•D

Diepoxides•@derived•@from•@D•|maŽMitol•@need•@not•@to•@be•@distinguished•@two

faces•C•@and•@consequently•@give•@the•@polymer•@with•@the•@same•@cyclic•@unit•C•@in

spite•@of•@the•@reaction•@faces•D•@ln•@particular•C•@diepoxide•@62•@is•@prepared•@for•@the

synthesis•@of•@cyclodextrin•|like•@polymer•C•@after•@the•@cleavage•@of•@isopropylidene

as•@protecting•@group•C•@forming•@hydrophobic•@cavity•D

Scheme•@5•D3
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•D

5•D2•@Syntheses•@of•@MacromoEecular•@lonophores

5•D2•D1•@Preparations•@of•@Diepoxides•@from•@D•|Mannitol

•@•@•@Schemes•@5•D2•@and•@5•D3•@show•@the•@derivations•@of•@diepoxides•@from•@D•|

mamitol•@by•@use•@of•@the•@method•@reported•@by•@Kuszmann5•@and•@Wiggins6•C

respectively•D•@1•C2•F5•C6•|Dianhydro•|3•C4•|di•|0•|methyl•|D•|mannitol•@60•@and•@3•C4•|

di•|0•|ethyl•|D•|mannitol•@61•@were•@prepared•@through•@five•@steps•@from•@D•|

mannitol•C•@and•@1•C2•F5•C6•|dianhydro•|3•C4•|O•|isopropylidene•|D•|mannitol•@62

through•@four•@steps•D

5•D2•D2•@Polymerizations•@of•@Diepoxides•@Derived•@from•@D•|Mannitol

•@•@•@In•@the•@polymerization•@of•@diepoxides•@60•C•@61•C•@and•@62•C•@boron•@trifluoride

etherate•@was•@suitable•@for•@the•@initiator•C•@but•@the•@Vandenberg7•@catalyst•@was

less•@effective•D•@Some•@typical•@results•@of•@the•@polymerizations•@with•@boron

trifluoride•@etherate•@are•@given•@in•@Table•@5•D1•D•@Monomer•@60•@gave•@the•@product

Table•@5•D1•D•@CycRopolymerization•@of•@1•C2•F3•C4•|dianhydro•|D•|

mannitol•@derivatives•@•i60•C•@61•C•@and•@62•j•@with•@BF3eOEt2•@•i1•ja
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b•@Extent•@of•@cyclization•@in•@the•@polymers•@determined•@by•@iH•@NMR•@spectra•D

C•@Estimated•@by•@GPC•@using•@poly•istyrene•j•@as•@standard•D

d•@•ma•nff•@•{4s•D10•@•ic••O•D313•C•@CHCIi•@•j•D

e•mct•nB2•@•{32•D7•@O•ic••1•D140•C•@CHC13•j•E
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in•@a•@40•“•@yield•@when•@polymerized•@in•@dichloromethane•D•@The•@viscous•C•@oily

product•@obtained•@was•@optically•@active•@with•@a•@specific•@rotation•@•moel•D•@of

•{48•D10•@•ic••O•D313•@in•@CHC13•j•D•@Monomer•@61•@polymerized•@in•@various

mediums•@to•@give•@the•@yield•@ranging•@from•@13•D8•@to•@38•D1•“•D•@The•@products

obtained•@were•@sticky•@semi•|solids•@and•@the•@one•@prepared•@in•@dichloromethane

had•@a•@specific•@rotation•@•moc•n•D•@of•@•{32•D70•@•ic••1•D140•@in•@CHa3•j•D•@The

polymerization•@of•@monomer•@62•@gave•@the•@product•@in•@low•@yield•@in
dichloromethane•@at•@ˆê30•@OC•C•@but•@the•@powdery•@one•@with•@a•@specific•@rotation

•moe•n•D•@of•@•{10•D10•@•ic••1•D007•@in•@CHC13•j•@in•@reasonable•@yield•@in•@a•@polar•@solvent•C

nitrobenzene•C•@at•@O•@OC•D•@All•@the•@polymers•@were•@soluble•@in•@chloroform•C

tetrahydrofuran•C•@and•@methanol•C•@but•@insoluble•@in•@hexane•D•@The•@number•|

average•@molecular•@weight•@•iM•D•j•@of•@the•@resulting•@polymers•C•@which•@was

estimated•@on•@the•@basis•@of•@polystyrene•@standards•@by•@means•@of•@GPC•@in•@THF•C

was•@1•C990•C•@3•C350•C•@and•@3•C900•@for•@polymers•@78•C•@79•C•@and•@80•C•@respectively•C

corresponding•@to•@the•@degree•@of•@polymerization•@in•@the•@range•@of•@11•@to•@18•D

5•D2•D3•@Syntheses•@of•@Model•@Compounds

•@•@•@•@In•@order•@to•@synthesize•@model•@compounds•@for•@the•@cyclic•@structure•@of

the•@polymers•C•@diepoxides•@60•@and•@61•@were•@hydrolyzed•@to•@obtain•@a•@monomeric•C

cyclic•@compound•@by•@the•@procedure•@similar•@to•@that•@described•@by•@Wiggins6

for•@the•@hydrolysis•@of•@1•C2•F5•C6•|dianhydro•|3•C4•|O•|isopropylidene•|hexitols•C•@and

followed•@by•@the•@treatment•@with•@dimethyl•@sulfate•C•@as•@shown•@in•@Scheme•@5•D4•D

•@•@•@•@The•@hydrolysis•@of•@60•@and•@61•@gave•@2•C5•|anhydro•|3•C4•|di•|O•|methyl•|D•|

mannitol•@74•@and•@2•C5•|anhydro•|3•C4•|di•|0•|ethyl•|D•|mannitol•@75•C•@and

Scheme•@5•D4
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the•@following•@methylation•@gave•@2•C5•|anhydro•|1•C3•C4•C6•|tetra•|0•|methyl•|D•|

glucitol•@76•@and•@2•C5•|anhydro•|3•C4•|di•|0•|ethyl•|1•C6•|di•|O•|methyl•|D•|glucitol•@77•C

respectively•D

5•D2•D4•@Spectral•@Assignment•@and•@MM•@Calculation•@of•@Model
Compounds

5•D2•D•@The•@chemical•@shifts•@in•@•f3C•@NMR•@were

assigned•@from•@the•@HMQC•@spectrum•@as•@indicated

in•@Figure•@5•D2•@together•@with•@the•@experimental

data•@in•@Table•@5•D2•D•@Because•@of•@lack•@of•@the•@peaks

conceming•@long•|range•@correlation•@between•@C•|3

and•@H•|7•C•@and•@C•|4•@and•@H•|9•C•@the•@bindings•@of•@the

•@•@•@•@Because•@of•@lack•@of•@anomeric•@carbon•@atom•C•@the•@cyclic•@model•@compound

showed•@a•@complex•@spectrum•@in•@iH•@NMR•D•@The•@hydrogen•@atom•@attaching•@to

the•@anomeric•@carbon•@atom•@is•@strongly•@deshielded•@by•@two•@neighboring

oxygen•@atoms•@and•@the•@resonance•@is•@shifted•@to•@rather•@downfield•D•@Therefore•C

the•@anomeric•@proton•@is•@distinguishable•@from•@the•@other•@ring•|protons•D

•@•@•@•@This•@section•@deals•@with•@the•@spectral•@analysis•@of•@the•@acyclic•@compound

in•@i•@H•@and•@•f3•@C•@NMR•@with•@2D•@techniques•@and•@molecular•@mechanics•@of•@force

field•@•iMM•@calculation•j•C•@and•@presents•@the•@fundamental•@data•@of•@nonanomeric

2•C5•|anhydro•|sugar•D

•@•@•@•@Figure•@5•D1•@shows•@the•@iH•@NMR•@DQF•|COSY•@spectrum•@of•@2•C5•|anhydro•|

3•C4•|di•|0•|ethyl•|D•|glucitol•@75•D•@The•@2D•@NMR•@technique•@should•@help•@to

assign•@the•@signals•@at•@6••3•D8•|4•D0•@ppm•@due•@to•@H•|6•C

H•Ds•C•@H•|4•C•@and•@H•|1•@protons•D•@The•@data•@for•@ChemiCal•@scheme•@s•Ds

shifts•@and•@coupling•@constants•@are•@given•@in•@Table

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•I•g•@13A•@xn•@in•@•D•@ˆê•D•Dˆê•@2•@5
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mamitol•@moiety•@to•@two•@ethyl•@groups•@were•@determined•@as•@given•@in•@Table

5•D2•D•@ln•@addition•C•@the•@HMBC•@spectrum•@in•@Figure•@5•D3•@showed•@the•@presence

of•@long•|range•@spin•|spin•@coupling•@interaction•@between•@C•|4•@and•@H•|9•C•@or•@C•|3

and•@H•|7•C•@but•@the•@absence•@between•@C•|2•@and•@H•|5•C•@or•@C•|5•@and•@H•|2•D•@The

NOESY•@spectrum•@in•@Figure•@5•D4•@showed•@the•@absence•@of•@NOE•@between•@H•|2

and•@H•|5•D•@Therefore•C•@it•@is•@sufficiently•@accurate•@to•@ignore•@a•@cyclic•@structure

contaŒŒing•@C2•|0•|C5•@bond•D•@The•@NOESY•@spectrum•C•@however•C•@showed•@a

positive•@NOE•@between•@OH•C•@H•|1•@and•@H•|6•C•@thus•C•@suggesting•@the•@presence•@of

C•|1•@and•@C•|6•@connected•@with•@OH•@group•D
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•@•@•@•@•@•@•@•@•@Table•@5•D2•D•@•fH•@Chemical•@Shifts•C

3J•@coupling•@constants•@and•@carbon•|13•@chemical•@shifts

for•@2•C5•|anhydro•|3•C4•|di•|O•|ethyl•|D•|glucitolin•@CDC13

iH i3b

Position

Chemical

•@Shift

ln•@ppm

•@•@3J

observed

•@in•@Hz

calcd•D

in•@Hz

Chemical

•@Shift
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3•D60•@•ia•j

3•D55•@•ib•j

1•D21

4•D7•@•iHla•|H2•j

3•D9•@•iHlb•|H2•j

5•D2•@•iH2•|H3•j

2•D1•@•iH3•|H4•j

g•@6•@a14•|H5•j

•@2•D6•@•iH5•|H6a•j

•@3•D9•@•iH5•|H6a•j
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65•D64
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•@•@•@The•@analysis•@described•@above•@is•@helpfu1•@to•@the•@relative•@position•@between

C•|3•@and•@C•|4•C•@but•@helpless•@against•@the•@absolute•@configuration•D•@Since•@the

difference•@of•@chemical•@shifts•@between•@H•|4•@and•@H•|5•@is•@small•C•@the•@3•v•@value•@of

Scheme•@5•D6
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•B•^•“–`•E

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@S•D•@H•|
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•@•@•@•@•@•@•@Table•@5•D3•D•@iH•@Chemical•@shifts•C

•@•@3•v•@coupling•@constants•@and•@i•fC•@chemical•@shifts•@for

2•C5•|anhydro•|3•C4•|di•|0•|ethyl•|1•C6•|di•|O•|methyl•|D•|glucitol
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iH i•Ž
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6•D9•@•iH8•|H9•j•@7•D0

6•D9•iHga•|HIO•j•@7•D0

9•D0•@•iHga•|Hgb•j

6•D9•@•iH9•|HIO•j 7•D0

73•D1
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64•D9

•[ƒ€0•s•v•s•v•|•«6

15•D1

59•D0

59•D0

106

ã’•Ú•@•@•@•@1•DŒy•w•A•@ˆê



these•@protons•@can•@not•@be•@exactly•@measured•D•@ln•@order•@to•@determine•@the

absolute•@configuration•@of•@75•C•@then•C•@the•@3J•D•D•@values•@were•@estimated•@by

means•@of•@the•@MM•@calculation•D•@The•@observed•@and•@calculated•@values•@are

listed•@in•@Table•@5•D2•D•@The•@values•C•@which•@were•@calculated•@by•@considering•@a

hydrogen•@bond•@between•@the•@OH•@and•@OEt•@groups•@as•@shown•@in•@Scheme•@5•D6•C

are•@in•@reasonable•@agreement•@with•@the•@observed•@ones•D

•@•@•@•@Figure•@5•D5•@shows•@the•@iH•@NMR•@DQF•|COSY•@spectra•@of•@2•C5•|anhydro•|

3•C4•|di•|0•|ethyl•|1•C6•|di•|O•|methyl•|D•|glucitol•@77•D•@The•@data•@for•@chemical•@shifts

and•@coupling•@constants•@are•@given•@in•@Table•@5•D3•D•@The•@chemical•@shifts•@in•@•f3•@C

NMR•@were•@assigned•@from•@the•@HMQC•@spectra•@as•@indicated•@in•@Figure•@5•D6•C

together•@with•@the•@experimental•@data•@in•@Table•@5•D3•D•@The•@configurational

relation•@between•@two•@ethyl•@groups•@in•@the•@sorbitol•@moiety•@was•@estimated•@by

a•@procedure•@similar•@to•@that•@used•@for•@75•D•@The•@difference•@of•@3J•D•Cˆê•D•C•@•i3•D9•@Hz•j

and•@3•v•D•Cˆê•D•C•@•i3•D0•@Hz•j•@is•@too•@small•@to•@elucidate•@the•@absolute•@configuration•D

The3JHH•@values•C•@therefore•C•@were•@estimated•@by•@means•@of•@the•@MM•@calculation•D

The•@observed•@and•@calculated•@values•@were•@listed•@in•@Table•@5•D3•D

5•D2•D5•@Structural•@Analysis•@of•@the•@Polymers

•@•@•@•@Since•@the•@iH•@and•@•f3•@C•@NMR•@spectra•@of•@Figures•@5•D7•@and•@5•D8•@indicated

the•@absence•@of•@the•@epoxy•@group•@in•@polymers•@78•@and•@79•C•@the•@polymerization

proceeded•@according•@to•@a•@cyclopolymerization•@mechanism•@leading•@to•@the

polymers•@with•@cyclic•@constitutional•@repeating•@units•D•@On•@the•@other•@hand•C•@•fH

NMR•@spectrum•@of•@Figure•@5•D7c•@showed•@that•@the•@characteristic•@resonance•@at

6••2•D8•@and•@3•D2•@ppm•@due•@to•@the•@methylene•@and•@the•@methine•@protons•@of•@the

epoxide•@is•@indicative•@of•@a•@large•@amount•@of•@residual•@epoxides•D•@The•@•f3C

NMR•@spectrum•@of•@Figure•@5•D8d•@also•@brought•@about•@the•@same•@results•D•@The

mole•@fraction•@of•@cyclic•@structural•@units•@•ifc•j•@in•@the•@polymers•@was•@determined

from•@the•@relative•@peak•@areas•@of•@the•@protoms•@in•@the•@i•@H•@NMR•@spectra•D•@ln•@the

polymerization•@of•@62•@the•@maximum•@of•@fc•@was•@only•@O•D5•D

•@•@•@•@The•@i3C•@NMR•@spectrum•@of•@polymer•@79•@showed•@close•@agreement•@with

that•@of•@77•@•iFigure•@5•D9•j•C•@and•@comsequently•C•@polymer•@79•@is•@essentially

composed•@of•@the•@cyclic•@constitutional•@unit•@corresponding•@to•@the•@carbon

skeleton•@of•@77•D•@The•@siŒŒlarity•@of•@the•@•f3•@C•@NMR•@spectrum•@of•@polymer•@78

to•@that•@of•@76•@clarified•@the•@structure•@of•@the•@polymer•@as•@well•D•@The•@hydrolysis

of•@62•@gave•@no•@product•@consisting•@of•@5•|membered•@ring•D•@Wiggims6•@reported
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that•@the•@isopropylidene•@group•@cormected•@with•@C•|3•@and•@C•|4•@in•@D•|mannitol

precludes•@theŒŒg•@closure•@to•@make•@a•@5•|membered•@ring•D•@The•@low
cyclopolymerization•@tendency•@of•@62•@is•@easily•@understood•@by•@this•@reason•D

•@•@•@•@As•@mentioned•@in•@the•@previous•@chapters•C•@ring•@opening•@of•@a•@substituted

epoxtde•@oocurs•@by•@two•@ways•C•@i•De•D•@by•@aˆê•@or•@6•|scissions•D8•@ln•@the•@polymerizations

of•@60•@and•@61•@the•@intramolecular•@cyclization•@with•@a•C•@aˆê•@or•@P•CP•|scission•@of
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ƒÀ•Cƒ¿ˆêscissions•Elead•Eto•Ethe•Eformation•Eof•E5•|and•@7•|memberedŒŒgs•C•@respectively•D

Since•@polymers•@78•@and•@79•@consist•@of•@•i1ˆêˆê•j6•j•@bonded•@D•|glucitol•@recurring

units•C•@the•@polymerizations•@proceed•@through•@a•Cj•i3•|scission•D9•@The•@mechanism

of•@polymerization•@is•@showed•@in•@Scheme•@5•D7•D•@The•@intramolecular•@cyclization
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configuration•@via•@an•@SN2iO•@attack•@of•@the•@second•@epoxide•@function•@on•@the
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the•@carbon•@at•@which•@the•@attack•@is•@stereochemical•@favorable•@in•@the

intermolecular•@propagation•D•@Therefore•C•@poly•m•i1ˆêˆêˆê•j6•jˆê2•C5•|anhydro•|3•C4•|di•|

0•|methyl•|D•|glucitol•n•@•ipolymer•@78•j•@and•@poly•m•i1ˆêˆê•j6•jˆê2•C5•|anhydro•|3•C4di•|

O•|ethyl•|D•|glucitol•n•@•ipolymer•@79•j•@are•@yielded•@by•@the•@cyclopolymerizations

of•@60•@and•@61•C•@respectively•C•@as•@shown•@in•@Scheme•@5•D8•D•@Although•@polymer

80•@contains•@both•@cyclic•@and•@acyclic•@recurring•@units•C•@the•@cyclic•@unit•@comsists

of•@•i1•D6•jˆê2•C5•|anhydro•|3•C4•|0•|isopropylidene•|D•|glucitol•@in•@a•@similar•@manner

as•@above•D

Scheme•@5•C8

o

RO
OR

o
60•F•@R••Me
6t•@1•@R••Et

BF3•œOEt2
•@•@•@ƒŒ

‘ó•E—’•g•_•B

H•@•C•@•E•ìH
•@•@‚±

RO•@•@OR

78•F•@R••Me
791•@R••Et

n

Scheme•@5•C9

62

•@•@•@•@•@•@•@•@•@•@•@•°

80

6ˆêˆêVNHH

5•D3•@Derivation•@of
Butadienedioxide

Poly•icyclooxalkane•j form

5•D3•D1•@Preparation•@of•@Diepoxide•@from•@L•|Threitol

•@•@•@in•@order•@to•@develop•@the•@synthesis•@of•@optically•@active•@poly•icyclooxalkane•j

by•@the•@cyclopolymerization•@of•@epoxide•@derived•@from•@D•|mannitol•C•@L•|threitol

which•@has•@a•@C2•|axis•@in•@analogy•@with•@D•|mamitol•@was•@used•@as•@constitutiona1
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Scheme•@5•C10

•@•@•@•@•@•@•@0•D•@o•@•@•@•@•@•@•@LI•@H•@•g•D•D•@IJI•@H
•@•@•@•@•@Œû•F•F•F•ö•F•Fˆê“ï˜I•F•F•ö1••

•@•@•@•@•@•@•@1•DlH•@llH•@•@•@•@•@•@•@o•@•@•@•@•@•@•@•@•@•@•@o

•@•@•@•@•@•@•@82•@83
•@•@•@•@•@•@•@•@0
•@•@•@•@•@•@•@•@•@uH•@•D•D•D•@H•Ûˆê•@l18â´•F•~ƒ†•[•F•F•F•F•F•l‚³•F•~

•@•@•@•@•@•@•@•@0

•@•@•@•@•@•@•@•@•@•@84•@85

•@•@•@•@•@•@•@•@•@•@H•@•D•@•@H
•|gL•j

@ˆêlggc•C•Fi•ji•CIlgx•@ˆêˆêg2•jˆê•Fg•F•F•F•j1•Cllg•F

•@•@•@•@•@•@•@•@•@•@86•@87

ˆêˆêSL•D•E•@•H•G•f•e•qHireilHi•v0

•@•@•@•@•@•@•@•@•@•@81

•@•@•@•@•@•@ˆ¤2B–|‘Ë’Ô•B’ßt‘Ë9Špin•@benzen•C
•@•@•@•@•@LiAIH4•@in•@e“ùler
•@•@•@•@•@•@ã••x81ŒQMe•BH

•@•@•@•@•@KOH•@in•@ether

unit•D•@•iS•CS•jˆê1•C2•F3•C4•|dianhydro•|L•|threitol•C•@i•De•D•@•iS•C•@S•jˆê1•C2•F3•C4•|butanedioxide

81•@was•@prepared•@by•@the•@method•@reported•@by•@Seebachi3•@as•@indicated•@in

Scheme•@5•D10•D
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5•D3•D2•@Polymerization•@of•@•iS•CS•jˆê1•C2•F3•C4•|Butanedioxide

•@•@•@•@Some•@results•@of•@the•@polymerization•@are•@given•@in•@Table•@5•D4•D•@Diepoxide

81•@was•@polymerized•@by•@cationic•@polymerization•@with•@a•@Lewis•@acid•@catalyst

in•@a•@polar•@solvent•@such•@as•@nitrobenzene•@and•@dichloromethane•D•@The•@reaction

Table•@5•D4•D•@Polymerization•@of
•iS•CS•jˆê1•C2•F3•C4•|butanedioxide•@•i81•ja

Polymer•@lnitiator Solvent Temp•D
in•@OC

Time
in•@h

Yield

in•@9e

88

89

•@SnCh
CH2C12

BF3eOEt2

t•|BuOK

C6HsNO2

DMSO

ˆê25•@24
10min•@33•D9

50 •|•«•i•Ú

59•D8

21•C4

59•D0

95•D6c

a•@•mMonomer•n••O•D5•@moleLi•G•@•mlnitiator•n••O•D05•@moleL•|i•D

b•@•mMonomer•n•^•mlnitiator•n•@monomer•@ratio••1•D

c•@•mct•nif•@•D•@•{33•DoO•C•@c••7•D13•@in•@CHC13•E

system•@inrmediately•@became•@heterogeneous•C•@when•@added•@the•@catalyst•D•@The

polymer•@obtained•@was•@white•@powder•C•@insoluble•@in•@organic•@solvents•D•@The

anionic•@polymerization•@with•@potassium•@tert•|butoxide•@in•@dimethyl•@sulfoxide

at•@50•@O•@C•@proceeded•@homogeneously•@and•@the•@polymer•@obtained•@was•@soluble

in•@dimethyl•@sulfoxide•D•@The•@polymerization•@with•@increasŒŒg•@amount•@of

potassium•@tert•|butoxide•@yielded•@the•@polymer•@which•@is•@soluble•@even•@in

chloroform•@and•@benzene•D•@The•@polymer•@was•@optically•@active•@with•@a•@specific

rotation•@•mct•n•D•@of•@•{330•@•ic••7•D13•@in•@CHC13•j•@and•@its•@molecular•@weight•@measured

on•@vapour•@pressure•@osmometer•@in•@benzene•@was•@3•C300•@corresponding•@to

the•@degree•@of•@polymerization•@of•@38•D

5•D3•D3•@Structure•@of•@Poly•m•iS•CS•jˆê1•C2•F3•C4•|butanedioxide•n

•@•@•@•@In•@the•@cationic•@polymerization•@of•@81•C•@the•@intramolecular•@cyclization

with•@a•C•@aˆê•@or•@6•C6•|scissions•f•e•@leads•@to•@form•@4•|membered•@rings•@•ipolymers
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ˆê•Ddh•C

Scheme•@5•D1•@1 cationic emionic

NO

88a
0
89a

o•I

a•Caˆê

6•Caˆê

fisfiˆê

88b

ˆê•ZNš•Fo•FJZ

•@•@•@88c

•^o

•@•@0

88d

XZ•@osl•fON

•@•@•@89b

01

89c

o
89d

ox

88a•@or•@88d•j•C•@whereas•@that•@with•@a•C6ˆê•@or•@6•C•@a•|scissions•@to•@form•@3ˆê•@or

5•|membered•@rings•@•ipolymers•@88b•@or•@88c•j•C•@respectively•@•iScheme•@5•D11•j•D

The•@anionic•@polymerization•@occurs•@the•@intramolecular•@cyclization•@to

form•@4•|membered•@rings•@through•@a•C•@aˆê•@or•@6•CP•|scissions•@•iPolymers•@89a•@or

89d•j•@and•@to•@form•@5ˆê•@or•@3•|membered•@rings•@through•@a•CPˆê•@or•@6•C•@a•|seissions

•ipolymers•@89b•@or•@89c•j•C•@respectively•D•@ln•@spite•@of•@the•@diversity•@of•@ring

formation•C•@there•@is•@a•@strong•@possibility•@of•@5•|membered•@ring•@on•@the•@basis

of•@thermodynam•@ic•@stabilityi5•@•ipolymers•@88c•@and•@89b•j•D•@The•@IR•@spectra•@of

polymers•@indicated•@the•@absence•@of•@epoxy•@groups•@showing•@at•@839•@and•@911

cm•hC•@and•@thus•C•@the•@polymers•@consist•@of•@only•@cyclic•@structural•@units•Di6•@The

•fH•@NMR•@analysis•@of•@polymer•@89•@showed•@that•@the•@cyclic•@unit•@is•@the•@5•|

membered•@ring•@having•@the•@characteristic•@proton•@resonances•@from•@3•D5•@to

3•D7•@ppm•@due•@to•@oxymethylene•@and•@methine•@protons•Di7
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•fˆêƒ}•Eƒm•[ˆêˆêˆê•xˆêˆê

5•D4•@Molecular
Ionophore

Recognition Of Macromollecular

5•D4•D1•@Cation•|Binding•@Ability

•@•@•@The•@cation•|binding•@abilities•@of•@polymers•@78•C•@79•C•@and•@80•@are•@compared

with•@dibenzo•m18•ncrown•|6•f8•@in•@Table•@5•D5•D•@The•@most•@striking•@aspect•@in•@the

results•@is•@that•@polymers•@78•@and•@79•@strongly•@complex•@with•@such•@large

Table•@5•D5•D•@Extraction•@of•@picrate•@salts

and•@dyes•@by•@polymers•@78•C•@79•C•@and•@80

•@•@•@•@•@•@and•@dibenzo•|18•|crown•|6a

Complexing 90•@Picrate•@extracted •“•@dye•@extracted

agent Li•{ Na•f K•{ Rb•{ •i•js•f M•DB•Db•@Rh•D6Gc

•@•@•@78

•@•@•@79

•@•@•@80

DB•m18•nC•|6d

18•D6

16•D6

5•D7

3•D7

57•D3

38•D8

10•D5

18•D3

90•D0

70•D8

13e6

93•D5

85•D8

72•D2

12•D7

84•D9

84•D3

71•D9

12•D6

81•D6

84•D2

77•D0

24•D9

0•Do

•„99•D9

•„99•D9

76•DO

•@•@o•Do

a•@•mPolymer•n••1•@geL•h•G•@•mPicric•@acid•n••7x•@10•f5•@moleL•h•G•@•mMetal•@hydroxide•n•••@O•D1•@moleL•|i•G•@temp•D•C

•@23•@OC•D

b•@•mMethylene•@blue•n••2•D24x•@10•|5•@mol•DL•h•D

C•@•mRhodamine•@6G•n••2•D00x•@10•|5•@moleL•fi•D

d•@•mDibenzo•m18•ncrown•|6•n••1•D26•@geL•|i•@•i3•D5x•@10•|3•@mol•DLˆê•f•j•D

•iCH3•j2N

ƒm•A‚­•l•k•tN•ic“Ý•j2

Methylene•@blue

•@•@•@H
Xv•D•@N

Rhodamine•@6G

HN

cr
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•DAtiˆê•Dˆê•j•C•Dˆê•Dˆê•D•D

ƒ}

organic•@cations•@as•@rhodamine•@6G•@and•@methylene•@blue•@in•@addition•@to•@alkali

metal•@ions•C•@unlike•@the•@crown•@ether•D•@Polymer•@80•@showed•@a•@lower•@extractability

than•@polymers•@78•@and•@79•D•@As•@the•@former•@polymer•@has•@a•@fc•@value•@of•@O•D5

compared•@with•@1•D0•@of•@the•@latter•@polymers•C•@the•@extractability•@in•@these

polymers•@is•@reasonably•@attributed•@to•@the•@cyclic•@units•C•@namely•C•@furanose

moieties•D•@The•@characteristics•@are•@very•@siŒŒlar•@to•@those•@of•@poly•i2•C5•|

tetrahydrofuran•jdiy13•@and•@poly•i7•|oxanorbornene•j•e•C•@which•@are•@supposed•@to

form•@the•@helical•@conformers•@with•@the•@flexible•@binding•@cavities•D

•@•@•@•@•@•@•@•@•@•@•@•@Table•@5•D6•D•@Absorption•@maxima

of•@picrate•@salts•@in•@the•@presence•@of•@the•@complexing•@agenta

Complexing 7vmax•@in•@nm

agent Li•{ Na•f K•{ Rb•{ Cs•f

•@•@•@•@•@•@•@78

•@•@•@•@•@•@•@79

•@•@•@•@•@•@•@80

Dibenzo•m18•ncrown•|6

376•D0

377•D2

368•D8

376•D8

377•D2

374•D4

368•D0

376•D0

377•D2

374•D4

366•D8

376•D8

377•D2

376•D0

368•D0

376•D8

377•D2

374•D4

374•D8

a•@Solvent•C•@CH2C12•E

•@•@•@•@Every•@complex•@of•@the•@polymers•@with•@alkali•@metal•@picrates•@revealed•@a

pronounced•@bathochromic•@shift•@in•@comparison•@with•@the•@crown•@complexes

as•@shown•@in•@Table•@5•D6•D•@The•@absorption•@maxima•@for•@polymers•@78•C•@79•C•@and

80•C•@which•@are•@found•@at•@376•D0•|376•D8•C•@377•D2•C•@and•@368•D8•|376•D0•@nm•C

respectively•C•@present•@a•@qontrast•@to•@those•@at•@366•D8•|374•D8•@rm•@for

dibenzo•m18•ncrown•|6•D•@Because•@the•@absorption•@maxima•@of•@the•@picrates•@shows

the•@bathochroŒŒ•B•@shift•@with•@increasing•@interionic•@ion•@pair•@distance19•C•@the

complexes•@of•@the•@polymers•@have•@the•@characteristic•@feature•@of•@loose•@ion

pair•D•@These•@observations•C•@therefore•C•@suggest•@the•@formation•@of•@helical

conformer•@capable•@of•@varying•@in•@cavity•@dimensions•@according•@to•@size•@of

such•@cations•@as•@metal•@ions•@and•@dyes•D•@Polymers•@78•@and•@79•@may•@form•@a

helix•@consisting•@of•@three•@conformational•@repeating•@units•@in•@one•@turn•@according

to•@Scheme•@5•D12•@shown•@here•D•@This•@repeating•@unit•@is•@similar•@to•@the•@cyclic
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Scheme•@5•C12

•H•E–]

H•@•@•@•@•@•@kt•CtH
•@•@‚Ç

RO•@OR

t•|

•@•@x

•@•@•@•@o‘V

•@•@•@‚Ô

4•D0
‚¤•@•@•@•A•AH

•@•@•@•@•@•@——

H•@ŽO
•@•@RO

78•F•@R••Me
79•F•@R••Et

‚èOR‚é

OR

•F•ftOR

H

•@•@KSCN

•@•@RO•D•@•DH

R•E

•@•@•@•@•@•@•@•@H•@K•{•@HN•f

•@•@•@•@•@•@tO•@A•DsNl
•@•@•@•@•@•@ƒm–Ú•B–Ú9
•@•@•@•@•@ƒm•@•FŒÚ

H•@•@•@•@•@•@•g•CilH
•@•@‚²

RO•@OR
90•F•@R••Me
91•F•@R••Et

–m•xOR
•@——

•@•@•@•C•gOR

H

SCN•f

structure•@of•@•m18•ncrown•|6•D•@Polymer•@80•C•@however•C•@forms•@no•@helix•@due•@to

the•@coexistence•@of•@acyclic•@repeating•@units•C•@and•@thus•C•@the•@interionic•@distance

decreases•D

•@•@•@•@The•@conformational•@change•@of•@helical•@structure•@reflected•@in•@specific

rotation•@and•@CD•@profile•D•@The•@complexes•@of•@polymers•@78•@and•@79•@with

potassium•@thiocyanate•@changed•@in•@specific•@rotation•@in•@comparison•@with•@the

original•@polymers•@as•@shown•@in•@Figure•@5•D10•D•@An•@increase•@in•@specific•@rotation

should•@be•@attributed•@to•@the•@formation•@of•@helical•@structure•D•@The•@CD•@spectra

of•@polymer•@79•@indicated•@no•@change•@in•@the•@ultraviolet•@region•@by•@the

addition•@of•@potassium•@thiocyanate•C•@but•@recognized•@a•@slight•@shift•@from•@170

to•@171•D5•@nm•@on•@the•@measurement•@in•@hexafluoroisopropanol•D
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120

100
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•@400 •@•@•@500

Wave•@Length•@l•@nm

600

Figure•@5•D10•D•@Specific•@rotation•@of•@polymers•@78•@and•@79•@before
and•@after•@complexation•@with•@KSCN•F•@•iO•j•@poRymer•@78•C•@•ie•j

polymer•@78eKSCN•C•@•iM•j•@polymer•@79•C•@and•@•iˆê•j•@polymer
79•DKSCN•D

•@•@•@•@The•@•fH•@NMR•@spectrum•@of•@polymer•@78•@in•@the•@presence•@of•@potassium

thiocyanate•@showed•@the•@broadening•@of•@the•@signals•C•@thus•@recognizing•@the

complex•@formation•@and•@presumably•@supporting•@the•@fixed•@helical•@structure•Doo

The•@i3•@C•@NMR•@spectrum•@of•@the•@complex•@had•@a•@carbon•@signal•@due•@to

thiocyanate•@at•@131•D9•@ppm•D

•@•@•@•@Polymer•@89•@prepared•@with•@potassium•@tert•|butoxide•@catalyst•@in•@dimethyl

sulfoxide•C•@was•@used•@for•@extraction•@of•@cations•D•@Table•@5•D7•@compares•@the

cation•|binding•@ability•@of•@the•@polymer•@with•@•m18•ncrown•|6•@and•@poly•i2•C5•|

tetrahydrofuran•jdiyl•D•@Polymer•@89•@is•@more•@effective•@in•@binding•@larger

cations•@like•@methylene•@blue•C•@but•@less•@effective•@for•@smaller•@cations•@like•@Li•f•C

K•f•C•@and•@Ba2•f•D•@The•@cavity•@of•@helical•@turn•@well•@suited•@to•@the•@size•@of•@methylene

blue•@•iScheme•@5•D13•j•D
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•flhble•@5•D7•D•@Phase•@transfer•@of•@picrate•@salts•@and•@dye•@extractionsa

Cation Complexing

•@•@agent

•@•@•@•@Salt

tramsferred•@•i•“•j

•@•@•@•@•@•@Li•f•@•m18•nCrown•|6•@63b
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Poly•i2•C5•|tetrahydrofuran•jdiyl•@37b

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@89•@O
•@•@•@•@•@•@K•g•@•m18•n•@Crown•|6•@74b
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Poly•i2•C5•|tetrahydrofuran•jdiyl•@53b

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@89•@1
•@•@•@•@•@•@Ba2•f•@Poly•i2•C5•|tetrahydrofuran•jdiyl•@67b

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@89•@O
Methylene•@blueO•@•m18•nCrown•|6•@2b

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Poly•i2•C5•|tetrahydrofuran•jdiyl•@83b

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@89•@80
a•@•mSalt•n••O•D025•@geL•fi•@in•@water•G•@•mcomplexing•@agent•n••2•D5•@geLi•@in•@CHCIf•@at•@25•@OC•D

b•@Ref•D4•E

C•@Dye•@extractions•@were•@performed•@by•@using•@equal•@solution•@volumes•@of•@methylene•@blue•@•iO•D1

mg•@in•@water•j•@and•@complexing•@agent•@•i140•@mg•@in•@chloroform•j•D

•@•@•@•@•@•@•@•@•@•@•@•@Scheme•@5•D13

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@0N•@•^o

•@•@•@•@•@•@•@•@•@•@•@•@o4•@VNO
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@rŠÙ
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y•|J•|Nˆêˆêˆêˆêˆêˆêˆê

5•D4•D2

Acid
Enantioselective•@Membrane•@Tlr•fansport•@of•@Racemic•@Amino

•@•@•@These•@polymers•@78•@and•@79•@are•@supposed•@to•@form•@helical•@conformers

capable•@of•@varying•@pitch•@and•@cavity•@size•@to•@optimize•@multidentate•@coordination

with•@a•@given•@cation•D•@This•@host•|guest•@complexation•@mechanism•@is•@siŒŒlar•@to

that•@for•@naturally•@occurring•@acyclic•@ionophores•@which•@accommodate•@guest

metal•@cations•@in•@their•@pseudo•|cyclic•@cavities•@and•@transport•@a•@guest•@across

the•@biomembrane•D•@These•@polymers•C•@therefore•C•@are•@a•@new•@class•@of•@host

polymers•C•@namely•C•@a•@macromolecular•@ionophore•D•@Host•@polymers•@78•@and

79•@consist•@of•@chiral•@constitutional•@repeating•@units•C•@whose•@asymmetric

character•@is•@distinct•@from•@the•@other•@macromolecular•@ionophores•D•@Of•@greater

interest•C•@therefore•C•@is•@the•@observation•@of•@the•@chiral•@recognition•@property

of•@host•@polymers•@78•@and•@79•@toward•@a•@racemic•@guest•D

•@•@•@•@The•@enantioselective•@tlansport•@of•@raceŒŒ•B•@methyl•@aŒŒno•@esters•@93

was•@achieved•@using•@a•@system•@involving•@aqueous•@providing•@and•@receiving

phases•@separated•@by•@a•@chloroform•@phase•@contaiŒŒg•@poly•y•i1•¨6•jˆê2•C5•|

anhydro•|3•C4•|di•|O•|methyl•|D•|glucitol•n•@•ipolymer•@78•j•D

Scheme•@5•D14

o

RO
OR

o

•@•@BF3•œOEt2

in•@CH2C12•@at•@o•BC

H2C

•@•@RO n

60•F•@R••Me
61•F•@R••Et

R•|C•CH•@ˆêCO2CH3

•@•@•@NH3•g•@eX•|

•@•@•@93eHX

78•F•@R••Me
79•F•@R••Et

g3a•F•@R••C6Hs

93bl•@R••C6HsCH2
93c•F•@R•••iCH3•j2CH

93d•F•@R•••iCHs12CHCH2

•@•@•@Typical•@results•@are•@summarized•@in•@Table•@5•D8•D•@The•@effect•@of•@the•@counter

anion•iXˆê•jon•@the•@transport•@experiment•@was•@exaŒŒned•@using•@HPF6•C•@Hƒ¿04•C

and•@Hq•@salts•@of•@phenylglycine•@methyl•@ester•@•i93a•j•D•@The•@amount•@of•@93a

transported•@to•@the•@receiving•@phase•@was•@31•D59•ie•@for•@PF6•f•@and•@deereased•@in
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•@•@•@•@•@•@•@•@•@•@•@Table•@5•D8•D•@Enantioselective•@transport•@of

DL•|RCH•iCO2CH3•jNH3•g•fX•g•@•i93•DHX•j•@by•@poly•m•i1ˆêˆê•j6•jˆê2•C5•|anhydro•|

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@3•C4•|di•|O•|methyl•|D•|gEucitol•n•@•i78•j

Guest•@in•@receiving•@phase•@•i6•|arm•j

93•@•iR•j Xˆê•@Transported•@Optical•@Faster
•@•@•@•@•@•@•@q•Ca•@purity•@moving
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@qob•@enantiomer

93a•@•iC6Hs•j

93b•@•iC6HsCH2•j

93c•@•i•iCH3•j2CH•j

93d•@•i•iCH3•j2CHCH2•j

PF6•f

CIO4•f

Cl•|

PF6•f

PF6•|

PF6•f

31•D5

9•D4

2•D1

30•D9

17•D8

16•D7

10•D9

10•D7

9•D3

2•D3

7•D3

2•D3

a•@nansported•@after•@120•@h•D

b•@Analyzed•@by•@HPLC•@when•@the•@3090•@of•@guest•@was•@transported•@from•@source•@phase•@to

•@receiving•@phase•D

the•@order•@of•@PF6•f•@•r•@CIO4•f•@•r•@Clˆê•D•@This•@result•@indicates•@that•@the•@lipophilicity

of•@the•@counter•@ions•@affects•@the•@formation•@of•@the•@host•|guest•@complex•@and

the•@transport•@rate•@of•@the•@complex•@through•@the•@chloroform•@membrane•D•@On

the•@other•@hand•C•@the•@optical•@purities•@had•@values•@of•@9•D3•@to•@10•D9•“•C•@and•@thus

this•@slight•@change•@means•@that•@X•f•@is•@not•@an•@important•@factor•@affecting•@the

chiral•@recognition•@property•@of•@polymer•@78•D•@The•@structural•@effect•@of•@a

guest•@on•@transport•@was•@elucidated•@using•@HPF6•@salts•@of•@methyl•@amino•@esters

•i93eHPF6ˆê•j•D•@The•@transport•@rates•@for•@the•@aromatic•@guests•C•@93a•@and•@93b•C

were•@faster•@than•@those•@for•@the•@aliphatic•@ones•C•@93c•@and•@93d•D•@The•@optical

purity•@was•@10•D9•“•@for•@93a•@as•@a•@maxtmum•@value•@and•@decreased•@in•@the

order•@of•@93a•@•r•@93c•@•r•@93b•@•r•@93d•C•@which•@conforms•@to•@the
character•@of•@the•@R•@group•@of•@RCH•iCO2CH3•jNH3•fePF6ˆê•@in•@the•@following

sense•F•@the•@greater•@the•@steric•@requirements•@of•@this•@group•@in•@the•@vicinity•@of

the•@chiral•@center•@of•@the•@guest•C•@the•@higher•@the•@chiral•@recognition•D•@The

characteristic•@of•@the•@chiral•@recognition•@of•@polymer•@78•@is•@very•@similar•@to

that•@of•@the•@chiral•@crown•@ethers•@incorporating•@1•C1•fˆêbinaphthyl•@units•@reported
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by•@Cram•@et•@al•D2i•@For•@all•@the•@host•|guest•@systems•C•@the•@faster•@moving•@enantiomer

was•@the•@L•|form•D

•@•@•@•@The•@formation•@of•@a•@host•|guest•@complex•@was•@observed•@by•@NMR•@spectral

measurements•C•@when•@the•@transport•@experiment•@was•@carried•@out•@in•@CDC13

under•@the•@same•@condition•@as•@described•@in•@Table•@5•D8•D•@Figure•@5•D11•@shows•@the
•f3 b•@NMR•@spectra•@of•@polymer•@78•@before•@and•@after•@the•@complexation•@with

Dˆê•@or•@L•|93aePF6ˆê•D•@The•@absorptions•@at•@84•D7•C•@85•D4•C•@and•@69•D3•@ppm•@due•@to•@the

C•|3•C•@C•|4•C•@and•@C•|6•@carbons•@in•@2•C5•|anhydroˆêˆê3•C4•|di•|0•|methyl•|D•|glucitol•@units

were•@singlet•@before•@the•@host•|guest•@complexation•D•@On•@the•@other•@hand•C•@the

absorptions•@at•@the•@C•|3•C•@C•|4•C•@and•@C•|6•@split•@into•@multiplets•@after•@the•@complex

formation•@between•@polymer•@78•@and•@D•|93aePF6ˆê•C•@and•@those•@at•@C•|4•@and

C•|6•@after•@the•@complexation•@of•@polymer•@78•@and•@Lone•D•@This•@result•@indicates

that•@the•@oxygens•@attached•@to•@the•@C•|3•C•@C•|4•C•@and•@C•|6•@carbons•@act•@as•@a•@donor

atom•@for•@the•@host•|guest•@complexation•D•@Figure•@5•D12•@shows•@the•@•fH•@NMR

spectra•@of•@guests•@for•@the•@transport•@experiments•@using•@Dˆê•C•@Lˆê•C•@or•@DL•|93aePF6ˆê•D

The•@broad•@absorptions•@at•@7•D36•@and•@7•D42•@ppm•@due•@to•@the•@ortho•@protons•@•iHi•j

were•@observed•@for•@the•@transport•@system•@using•@DL•|93aePF6ˆê•D•@The•@former

•iHIL•jand•@the•@latter•iHID•jagreed•@with•@the•@absorPtion•@forƒŒ93a•@and•@fbr

D•|93a•@in•@the•@host•|guest•@complexation•C•@respectively•D•@The•@HILIHiD•@areal

ratio•@was•@1•D35•C•@a•@value•@which•@is•@close•@to•@theƒŒ93a•^D•|93a•@ratio•@of•@1•D25

•ioptical•@purity•C•@10•D9910•j•@in•@Table•@5•D8•D•@These•@results•@indicate•@that•@the

coordination•@environments•@of•@polymer•@78•@with•@L•|93a•@differ•@from•@that•@of

D•|93a•C•@and•@the•@polymer•@78•|L•|93a•@complex•@is•@more•@stable•@than•@the•@polymer

78•|D•|93a•@one•D•@Consequently•C•@this•@difference•@in•@stability•@causes•@the

predominant•@transport•@of•@the•@L•|isomer•@to•@polymer•@78•D
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•@6•@•@•@•@•@1

HŒD•B“h•›

•ÛH30

•ia•j•@cHc13

•@3•@2•@5•@M•@1

•ib•j

•ic•j

4 6

n

7 8

80 •@•@70

6•@ppm
60

Figure•@5•D11•D•@i3•@C•@NMR•@spectra•@of•@polymer•@78•@before•@•ia•j•@and

after•@the•@complexation•@with•@Dˆê•@or•@L•|93aePF6•f•F•@•ib•j•@polymer•@78•@•^

D•|isomer•G•@•ic•j•@polymer•@78•@•^•@L•|isomer•D
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Figure•@5•D12•D•@•fH•@NMR•@spectra•@of•@the•@aromatic•@protons•@of•@93a

f•i•jrthe•@transport•@experiments•@of•@DL•E•C•@D•E•C•@orƒŒ93a•EPF6•gusing
polymer•@78•F•@•ia•j•@DLˆê•C•@•ib•j•@Dˆê•C•@and•@•ic•j•@L•|93aePF6•g•D
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5•D5•@ConcRusion

•@•@•@•@The•@cyclopolymerization•@of•@diepoxides•C•@namely•C•@1•C2•F5•C6•|dianhydro•|

3•C4•|di•|0•|methylˆê•@and•@3•C4•|di•|O•|ethyl•|D•|mannitol•C•@give•@poly•m•i1ˆêˆê•j6•jˆê2•C5•|

anhydro•|3•C4•|di•|0•|methylˆê•@and•@3•C4•|di•|O•|ethyl•|D•|glucitol•ns•D•@ln•@the•@case•@of

1•C2•F5•C6•|dianhydro•|3•C4•|isopropylidene•|D•|mamitol•C•@on•@the•@other•@hand•C•@the

intramolecular•@cyclization•@is•@blocked•@by•@the•@isopropylidene•@group•C•@and

consequently•C•@the•@resulting•@polymer•@has•@cyclic•@and•@acyclic•@repeating•@units•D

The•@cyclic•@unit•@consists•@of•@•i1ˆê•j6•jˆê2•C5•|anhydro•|3•C4•|0•|isopropylidene•|D•|

glucitol•C•@and•@the•@acyclic•@unit•@has•@a•@residual•@epoxy•@group•@as•@pendant•D

Macromolecular•@ionophores•@essentially•@consisting•@of•@•i1•D6•j•@bonded•@D•|

glucitol•@unit•@formed•@the•@helical•@conformers•@in•@the•@complexation•@with

cations•C•@which•@were•@able•@to•@effectively•@bind•@various•@catioms•@by•@varying

size•@in•@the•@helical•@cavity•D
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5•D6•@Experimental•@Section

Measurements•D•@NMR•@spectra•@were•@recorded•@on•@a•@Hitachi•@R90H•C•@a•@Bruker

MSL•|400•C•@or•@a•@Bruker•@AMX•|600•@spectrometer•D•@DEPT•C•@COSY•C•@HMQC•C

HMBC•C•@DQF•|COSY•C•@and•@NOESY•@techniques•@were•@utilized•@for•@assignment

of•@NMR•@spectra•@of•@model•@compounds•@and•@polymers•D•@IR•@spectra•@were

measured•@on•@a•@Jasco•@A•|102•@spectrometer•D•@Circular•@dichroism•@•iCD•j•@spectra

were•@recorded•@on•@a•@Jasco•@J•|720•@spectropolarimeter•@in•@hexafluoroisopropanol

and•@specific•@rotations•@were•@measured•@with•@a•@Jasco•@DIP•|140•@digital

polarimeter•D•@UV•@spectra•@were•@recorded•@on•@a•@Jasco•@UVIDEC•|660
spectrometer•D•@Gel•@permeation•@chromatography•@•iGPC•j•@in•@tetrahydrofuran

was•@performed•@on•@a•@WATERS•@M45•@high•@performance•@liquid•@chromatograph

equipped•@with•@three•@columns•@•iShodex•@KF•|804F•j•D

Materials•D•@Solvents•@for•@synthesis•@and•@polymerization•@were•@dried•@by

general•@methods•F•@dichloromethane•C•@1•C2•|dichloroethane•C•@and•@nitroethane

were•@dried•@over•@CaH2•@and•@toluene•@was•@distilled•@from•@sodium•|benzophenone•D

Dibenzo•m18•ncrown•|6•@was•@prepared•@by•@the•@method•@of•@Pedersen•D22•@Methylene

blue•C•@rhodamine•@6G•C•@and•@potassium•@thiocyanate•@were•@used•@a•@commercial

reagent•D

1•C2•F5•C6•|Di•|O•|isopropylidene•|D•|mannitoR•@•i64•j23•D•@A•@mixture•@of•@272•D6

g•@•i2•D0•@mol•j•@of•@anhydrous•@zinc•@chloride•@in•@1400•@mL•@of•@dry•@acetone•@was

shaken•@vigorously•@and•@was•@filtered•@into•@a•@three•|necked•@2•@L•@round•|bottomed

fl•@ask•C•@equipped•@with•@a•@drying•@tube•C•@a•@condenser•C•@and•@a•@mechanical•@stirrer•C

contaming•@141•D9•@g•@•iO•D78•@mol•j•@of•@D•|mamitol•@63•C•@and•@the•@suspension•@was

stirred•@vigorously•@for•@about•@3•@h•@until•@63•@dissolved•@at•@room•@temperature•D

The•@solution•@was•@poured•@into•@a•@beaker•@containing•@a•@solution•@of•@343•@g•@of

potassium•@carbonate•@in•@343•@mL•@of•@water•D•@The•@suspension•@was•@mechanically

stirred•@until•@the•@evolution•@of•@gases•@slackened•D•@The•@mixture•@was•@filtered

through•@a•@BUclmer•@furmel•C•@leaving•@a•@white•@precipitate•D•@The•@filtrate•@was

evaporated•@under•@reduced•@pressure•C•@and•@the•@residue•@was•@extracted•@with

chloroform•D•@The•@precipitate•@was•@washed•@three•@times•@with•@chloroform•C

and•@the•@suspension•@was•@filtered•@each•@time•D•@The•@combined•@extracts•@were

dried•@with•@anhydrous•@sodium•@sulfate•C•@and•@evaporated•@to•@dryness•C•@giving

78•D4•@g•@•i3890•j•@of•@colourless•@crystals•D•@The•@product•@was•@dissolved•@in•@78•D4
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mL•@of•@chloroform•@and•@784•@mL•@of•@hexane•@under•@reflux•D•@The•@hot•@solution

was•@filtered•C•@and•@to•@the•@filtrate•@784•@mL•@of•@hexane•@was•@added•C•@and•@kept

ovemight•@in•@refrigerator•@to•@give•@98•D1•@g•@•i48•“•j•@of•@colourless•@crystals•@of

64•C•@mp•@126•D2•|127•D0•@OC•C•@IR•@•iKBr•j•@3280•@•iOH•j•C•@2995•C•@2940•C•@2895•@•i•iH•j•C

1387•C•@1376•@•iCCH3•j•C•@1160•C•@1126•C•@and•@1044•@cm•fi•i1•C3•|dioxolane•@ring•j•D

1•C2•F5•C6•|Di•|O•|isopropylidene•|3•C4•|di•|0•|methyl•|D•|mannitol•@•i65•j5•D

A•@mixture•@of•@42•D1•@g•@•iO•D16•@mol•j•@of•@64•@and•@200•@mL•@of•@dimethyl•@sulfoxide

was•@placed•@in•@500•@mL•@of•@a•@three•|necked•@round•|bottom•@flask•@equipped

with•@a•@mechanical•@stirrer•C•@a•@condenser•C•@and•@a•@dropping•@funnel•D•@To•@the

solution•@a•@mixture•@of•@32•D3•@g•@•iO•D81•@mol•C•@5•@equiv•j•@of•@sodium•@hydroxide•@and

32•D3•@mL•@of•@water•@was•@added•@all•@at•@once•C•@and•@51•C2•@g•@•iO•D40•@mol•C•@2•D5•@equiv•j

of•@dimethyl•@sulfate•@was•@added•@dropwise•@through•@the•@addition•@funnel•@at

such•@a•@rate•@that•@the•@temperature•@of•@the•@reaction•@mixture•@did•@not•@exceed•@60

0C•D•@The•@reaction•@mixture•@was•@heated•@at•@60•@OC•@with•@water•@bath•C•@and

followed•@by•@stining•@ovemight•@at•@room•@temperature•D•@The•@content•@of•@the

flask•@was•@then•@poured•@into•@a•@beaker•@containing•@250•@mL•@of•@water•C•@and

extracted•@with•@chloroform•@•i3•@x•@100•@mL•j•D•@The•@combined•@organic•@layer

washed•@with•@water•@and•@dried•@with•@anhydrous•@sodium•@sulfate•D•@The•@chloroform

which•@was•@evaporated•@under•@reduced•@pressure•C•@gave•@a•@syrup•@that•@was

distilled•@under•@vacuum•@to•@give•@42•D2•@g•@•i90•D79e•j•@of•@a•@colourless•@liquid•@65•C

bp•@119•D5•|120•D7•@O•@C•^O•D65•@mmHg•D•@IR•@•ifilm•j•F•@2960•C•@2910•C•@2860•C•@2805

•iC•|H•j•C•@1370•C•@1360•@•iCCH3•j•C•@1085•@cm•fi•@•iCO•|C•j•D•@iH•@NMR•@•iCDC13•j•@6

3•D94•|4•D23•@•im•C•@ˆê•ZcHˆê•@and•@ˆê•Zca2ˆê•C•@8H•j•C•@3•D50•@•is•C•@ˆê•ZCH3•C•@6H•j•C•@1•D41•@•is•C

CCH3•C•@6H•j•@and•@1•D36•@ppm•@•is•C•@CCH3•C•@6H•j•D

1•C2•F5•C6•|Di•|O•|isopropylidene•|3•C4•|di•|0•|ethyl•|D•|mannitol•@•i66•jS•D•@A

solution•@of•@20•@g•@•i76•D2•@mmol•j•@of•@64•@in•@60•@mL•@of•@dimethyl•@sulfoxide•@was

treated•@with•@a•@solution•@of•@60•@•fg•@•i1•D5•@mol•j•@of•@sodium•@hydroxide•@in•@60•@mL

of•@water•@and•@112•D5•@g•@•i730•@mmol•j•@of•@diethyl•@sulfate•@as•@described•@for•@65•C

to•@give•C•@after•@distillation•C•@21•D6•@g•@•i89•“•j•@of•@66•C•@bp•@106•D0•|109•D8•@OC•@•^•@O•D3

mmHg•D•@i•@H•@NMR•@•iCDC13•j•@6•@4•D23•|3•D93•@•im•C•@ocHˆê•@and•@ˆê•ZCH2ˆê•C•@8H•j•C•@3•D65

•iq•C•@•I•I1t1Z2CH3•C•@4H•j•C•@1•D40•@•is•C•@CCH3•C•@6H•j•C•@1•D34•@•is•C•@CCH3•C•@6H•j•C•@and•@1•D18•@ppm

•it•C•@CH2eq•C•C•@6H•j•D
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3•C4•|Di•|O•|methyl•|D•|mannitol•@•i67•j5•D•@A•@mixture•@of•@42•D2•@g•@•iO•D15•@mol•j

of•@65•C•@120•@mL•@of•@acetic•@acid•C•@and•@60•@mL•@of•@water•@was•@placed•@in•@300•@mL

of•@round•|bottom•@f•yask•@and•@heated•@at•@100•BC•@for•@30ŒŒn•D•@After•@cooling•@to

room•@temperature•C•@the•@acetic•@acid•@and•@water•@were•@evaporated•@under

reduced•@pressure•D•@The•@residue•@was•@diluted•@with•@100•@mL•@of•@water•@and

evaporated•D•@Then•@into•@the•@flask•@100•@mL•@of•@ethanol•@was•@added•@and•@evaporated•D

The•@residue•@was•@recrystallized•@from•@ethanol•C•@to•@give•@26•D1•@g•@•i8690•j•@of•@67•D

3•C4•|Di•|O•|ethyl•|D•|mannitol•@•i68•j5•D•@21•D6•@g•@•i67•D9•@mmol•j•@of•@66•@was

hydrolyzed•@by•@the•@procedure•@similar•@to•@that•@for•@67•@to•@give•@11•D3•@g•@•i709e•j

of•@68•D

2•C5•|Di•|0•|acetyl•|3•C4•|di•|O•|methyl•|1•C6•|di•|Oˆê•imethylsullonyl•jˆêD•|

mannitol•@•i69•jS•D•@To•@a•@stirred•@solution•@of•@26•D0•@g•@•i123•D7•@mmol•j•@of•@67•@in

370•@mL•@of•@dry•@pyridine•@was•@added•@dropwise•@31•D1•@g•@•i271•D1•@mmol•C•@2•D2

equiv•j•@of•@methanesulfonyl•@chloride•@during•@1•@h•@at•@ˆê10•@O•@C•D•@The•@reaction

ŒŒxture•@was•@then•@removed•@from•@the•@cooling•@bath•@and•@was•@kept•@for•@30•@min

at•@O•@O•@C•C•@and•@for•@30•@min•@at•@room•@temperature•D•@The•@mixture•@was•@then

cooled•@to•@ˆê10•@OC•C•@and•@40•D0•@g•@•i391•D8•@mmol•C•@3•D2•@equiv•j•@of•@acetic•@anhydride

was•@added•@dropwise•@and•@the•@solution•@was•@kept•@overnight•@at•@O•@OC•D•@The

contents•@of•@flask•@was•@poured•@into•@a•@water•@and•@was•@extracted•@with•@chloroform•D

The•@organic•@layer•@was•@dried•@with•@sodium•@sulfate•C•@and•@evaporated•D•@To•@the

residue•@was•@added•@toluene•@and•@then•@evaporated•C•@to•@yield•@50•D9•@g•@•i91•D3•“•j

of•@a•@syrup•@that•@was•@used•@in•@next•@step•@without•@further•@purification•D•@iH

NMR•@•iCDC13•j•@6•@3•D48•@•is•C•@OCH3•C•@6H•j•C•@3•D05•@•is•C•@so2CH3•C•@6H•j•C•@and•@2•D15•@ppm

•is•C•@COCH3•C•@6H•j•D

2•C5ˆê•@Diˆê•@Oˆê•@acetylˆê•@3•C4ˆê•@diˆê•@Oˆê•@ethylˆê•@1•C6•|di•|Oˆê•imethyRsulonyll•jˆê

D•|mannitol•@•i70•j5•D•@The•@solution•@of•@11•D3•@g•@•i47•D3•@mmol•j•@of•@66•@in•@142•@mL

of•@dry•@pyridine•@was•@treated•@with•@11•C9•@g•@•i104•D1•@mmol•C•@2•D2•@equiv•j•@of

methanesulfonyl•@chloride•@and•@15•D4•@g•@•i150•D8•@mmol•C•@3•C2•@equiv•j•@of•@acetic

anhydride•@as•@described•@for•@69•C•@to•@give•@21•D6•@g•@•i95•“•j•@of•@70•D

1•C2•F3•C4•F5•C6•|Tri•|O•|isopropyRidene•|D•|mannitol•@•i71•j2•e•D•@To•@a

suspension•@of•@125•@g•@•i686•@mmol•j•@of•@63•@and•@1560•@mL•@of•@acetone•@in•@2•@L•@of

two•|necked•@round•|bottom•@flask•@was•@added•@12•D5•@mL•@of•@979e•@of•@sulfuric
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•D•D•D•D•jiiˆêˆêN•C•Dˆêˆêˆêˆêˆê

N•i•f

acid•@and•@the•@solution•@was•@stirred•@with•@a•@mechanical•@stirrer•@at•@room

temperature•@for•@29•@h•D•@TheŒŒxture•@was•@neutralized•@with•@58•@mL•@of•@25•“

of•@an•@aqueous•@solution•@of•@NH40H•@and•@78•@g•@of•@sodium•@carbonate•D•@The

mixture•@was•@filtered•@and•@the•@filtrate•@was•@evaporated•@to•@give•@a•@solid•C•@which

was•@recrystallized•@from•@the•@ethanol•@to•@give•@129•D6•@g•@•i62•D5•“•j•@of•@a•@white

needle•@crystal•C•@mp•@69•D5•|72•D3•@OC•D•@•mct•n•D•@•{14•D20•@•ic••1•D0•C•@in•@CH2C12•@at•@20•DO

oC•j•f

s

3•C4•|O•|lsopropylidene•|D•|mannitol•@•i72•j2•e•D•@ln•@a•@2•@L•@of•@round•|bottom

flask•@a•@mixture•@of•@119•D4•@g•@•i395•@mmol•j•@of•@71•@and•@2•@L•@of•@70•“•@acetic•@acid

was•@heated•@at•@40•@OC•@with•@magnetically•@stirring•@for•@1•D5•@h•D•@The•@acetic•@acid

was•@evaporated•@under•@vacuum•@and•@1•@L•@of•@acetone•@was•@added•D•@An•@insoluble

part•@was•@filtered•@off•@and•@the•@acetone•@was•@removed•@under•@vacuum•D•@The

residue•@was•@recrystallized•@from•@1•@L•@of•@acetone•@to•@give•@69•D9•@g•@•i79•D6ere•j•@of

a•@white•@crystal•C•@mp•@86•D5•|87•D5•@OC•D

3•C4•|0•|lsopropylidene•|1•C6•|di•|O•|tosyl•|D•|mannitol•@•i73•jM•D•@ln•@a•@1•@L

of•@four•|necked•@round•|bottom•@flask•@placed•@34•D9•@g•@•i157•D2•@mmol•j•@of•@72•@and

500•@mL•@of•@pyridine•C•@the•@mixture•@was•@cooled•@to•@ˆê5•@OC•@and•@61•D3•@g•@•i321•D3

mmol•C•@2•@equiv•j•@of•@tosyl•@chloride•@was•@added•@under•@stirring•@for•@4•@h•@at•@O•@OC•D

The•@flask•@content•@was•@pound•@into•@a•@mixture•@of•@1•@L•@of•@6N•@HCI•@and•@470•@mL

of•@ether•@which•@was•@cooled•@with•@ice•|water•@bath•D•@TheŒŒxture•@was•@transferred

into•@a•@separated•@furmel•@and•@the•@organic•@layer•@was•@separated•D•@The•@aqueous

layer•@was•@extracted•@with•@ether•@and•@the•@combined•@ether•@was•@washed•@with

39e•@of•@an•@aqueous•@solution•@of•@NaHCO3•C•@dried•@with•@sodium•@sulfate•C•@and

evaporated•@to•@give•@a•@73•D9•@g•@•i88•D6•“•j•@of•@syrup•@that•@was•@used•@without

further•@purifications•D

1•C2•F5•C6•|Dianhydro•|3•C4•|di•|0•|methyl•|D•|mannitol•@•i60•jS•D•@The

solution•@of•@50•D9•@g•@•i113•@mmol•j•@of•@69•@in•@170•@mL•@of•@dry•@chloroform•@was

placed•@in•@300•@mL•@of•@round•|bottom•@flask•C•@and•@then•@was•@treated•@with•@51

mL•@of•@the•@solution•@of•@4•D3•@M•@of•@methanolic•@sodium•@methoxide•@at•@10•@OC•@for

1•@h•D•@The•@flask•@content•@was•@poured•@into•@water•C•@and•@was•@extracted•@with

chloroform•D•@The•@extract•@was•@dried•@with•@sodium•@sulfate•@and•@the•@chloroform

was•@removed•@under•@vacuum•D•@The•@residue•@was•@distilled•@under•@vacuum•C•@to

yield•@8•D6•@g•@•i44•“•j•@of•@a•@colourless•@liquid•C•@bp•@69•D9•|71•D8•@OC•@•^•@O•D5•@mmHg•D

132•ã



The•@specific•@rotation•@of•@60•@in•@CHCI3•ic•@O•D14•jat•@22•BC•F•mƒ¿1ƒK7•D32•B•C•yƒ¿•z577

•|7•D96•B•C‰ñ546•|9•D17•B•Cand‰ñ435•|15•D04•B•D•@IR•ifi‡q•j2980•C2925•C2890•C2820

•iCH•j•C•@1091•@•iC•|O•|C•j•C•@938•C•@847•C•@835•@cm•fi•@•iepoxy•j•D•@•fH•@NMR•@•iCDCI3•j•@6

3•D48•@•is•C•@OCH3•C•@6H•j•C•@3•D4•|2•D75•@ppm•@•im•C•@ˆê•ZCHˆê•@and•@epoxy•C•@8H•j•D•@A•@nal•D

Calcd•@for•@CsHi404•F•@C•C•@55•D16•G•@H•C•@8•D10•D•@Found•F•@C•C•@54•D38•G•@H•C•@8•D03•D

1•C2•F5•C6•|Dianhydro•|3•C4•|di•|O•|ethyl•|D•|mannitol•@•i61•j5•D•@The•@solution

of•@22•D6•@g•@•i47•D3•@mmol•j•@of•@70•@in•@72•@mL•@of•@dry•@chloroform•@was•@treated

with•@24•D2•@mL•@of•@the•@solution•@of•@4•D3•@M•@of•@methanolic•@sodium•@methoxide•@at

10•@OC•@for•@1•@h•C•@to•@yield•@5•D1•@g•@•i22•“•j•@of•@a•@colourless•@liquid•C•@bp•@75•D2•|76•D1•@OC

•^•@O•D25•@mmHg•D•@The•@specific•@rotation•@of•@61•@in•@CHCI3•@•ic•@1•D30•j•@at•@22•@OC•F•@•mct•n•D

ˆê5•D180•C•@•mct•n•C•C•C•@ˆê4•D720•C•@•mct•n•C•D•@ˆê5•D200•C•@•mct•n•C•C•C•@ˆê7•D220•C•@and•@•mct•n•D•C•@ˆê7•D790•D•@IR

•ifilm•j•@2975•C•@2930•C•@2875•@•iCH•j•C•@1092•@•iC•|O•|C•j•C•@846•C•@819•@cm•fi•@•iepoxy•j•D•@•fH

NMR•@•iCDC13•j•@6•@3•D84•|3•D46•@•im•C•@ˆê•ZcHˆê•@and•@ˆê•ZC1t22CH3•C•@6H•j•C•@3•D31•|3•D11•@and

2•D91•|2•D76•@•im•@epoxy•@6H•j•C•@1•D203•@•it•C•@CH2S•Ilt1133•C•@6H•j•CAnal•D•@Calcd•@for•@CioHisO4•F

C•D•@59•D38•F•@H•D•@8•D97•D•@Found•F•@C•D•@58•D29•F•@H•D•@9•D00•D
•@7•@VˆêˆêVV•h•@•@•@•@•@•@•@•@•@P•@Veˆê•@l•@l•@4•@VˆêˆêS•p•Dˆêe•@VS•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@J•@•D•DJ

1•C2•F5•C6•|Dianhydro•|3•C4•|0•|isopropylidene•|D•|mannitol•@•i62•jM•D•@A

mixture•@of•@73•D9•@g•@•i139•D3•@mmol•j•@of•@tosylate•@73•C•@96•D3•@g•@•i696•D5•@mmol•C•@5

equiv•j•@of•@anhydrous•@potassium•@carbonate•C•@and•@860•@mL•@of•@methanol•@in•@1•@L

round•|bottom•@flask•@was•@heated•@at•@25•@OC•@with•@a•@vigorous•@stirring•@for•@2•D5

h•DInto•@theŒŒxture•@900•@mL•@of•@water•@was•@added•@to•@dissolve•@potassium

carbonate•D•@The•@solution•@was•@extracted•@with•@dichloromethane•@•i200•@mL•@x

4•j•@and•@the•@combined•@organic•@layer•@was•@washed•@with•@390•@of•@an•@aqueous

solution•@of•@ammonium•@chloride•@•i250•@mL•@x•@2•j•C•@dried•@with•@anhydrous

sodium•@sulfate•C•@and•@then•@the•@dichioromethane•@was•@evaporated•D•@The•@residue

was•@distilled•@under•@vacuum•@to•@give•@15•D1•@g•@•i57•D1•“•j•@of•@a•@colourless•@liquid•C

bp•@89•D1•|90•D5•@OC•@•^•@O•D5•@mmHg•D•@IR•@•ifilm•j•@2990•@•iv•C•@C•|H•j•C•@1059•@•iC•|O•|C•j•C

860•@cm•h•@•iepoxy•j•D•@•fH•@NMR•@•iCDC13•j•@6•@3•D83•@•idd•@J••3•D08•C•@1•D32•C•@ˆê•ZcHˆê•C

2H•j•C•@3•D18•|3•D05•@•im•C•@epoxy•@methine•C•@2H•j•C•@2•D84•@•idq•@J••4•D07•C•@4•D94•C•@epoxy

methylene•C•@2H•j•C•@2•D71•@•ida•@•v••2•D64•C•@4•D84•C•@2H•j•C•@and•@1•D44•@ppm•@•is•C•@CCH3•C

6H•j•D•@Anal•D•@Calcd•@for•@CgHi404•F•@C•C•@58•D04•G•@H•C•@7•D58•D•@Found•F•@C•C•@58•D02•G•@H•C

7•D65•D
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ƒ}•[•vˆêˆêˆêˆêˆêˆêˆêˆêˆê

2•C5•|Anhydro•|3•C4•|di•|O•|methyl•|D•|glucitol•@•i74•j•D•@The•@mixture•@of•@1•D75

g•@•i10•@mmol•j•@of•@605•@and•@40•@mL•@of•@water•@was•@heated•@under•@reflux•@for•@7•@h

and•@the•@solution•@was•@then•@evaporated•@under•@reduced•@pressure•@to•@obtain•@a

syrup•@from•@which•@the•@waters•@were•@removed•@by•@azeotropic•@distillation

with•@benzene•@and•@chloroform•@two•@times•D•@The•@mixture•@was•@separated•@by•@a

flush•@column•@chromatography•C•@using•@ethyl•@acetate•@•^•@isopropanol•@•i5•@•^•@1•j•D

The•@fractions•@having•@Rf•@O•D5•@gave•C•@on•@evaporation•C•@2•C5•|anhydro•|3•C4•|di•|0•|

methyl•|D•|glucitol•@as•@a•@syrup•@•i1•D60•@g•C•@829e•j•D•@The•@specific•@rotation•@of•@74•@in

CHC13•@•ic•@1•D11•j•@at•@20•@O•@C•F•@•mct•n•D•@•{64•D10•C•@•mct•n•C•C•C•@•{66•D10•C•@•mct•n•C•D•@•{74•E80•C•@•mcz•n•C3s

•{125•D00•C•@and•@•mct•n•D•@•{149•D60•D•@IR•@•ifilm•j•F•@3370•@•iOH•j•C•@2920•C•@2870•C•@2810•@•iv•C

C•|H•j•C•@1085•@cm•|i•@•iv•D•C•@CO•|C•j•D•@•f3C•@NMR•@•iCDC13•j•@6•@86•D17•@•iC•|3•j•C•@84•D44

•iG5•j•C•@83•D60•@•iC•|4•j•C•@80•D38•@•iC•|2•j•C•@62•D85•@•iC•|6•j•C•@61•D47•@•iC•|1•j•C•@10•D30•C•@10•D35

ppm•@•iCH3ˆê•j•D•@Anal•D•@Calcd•@for•@CigHi60s•F•@C•C•@49•D99•G•@H•C•@8•D39•D•@Found•F•@C•C

49•D22•G•@H•C•@8•D44•D

2•C5•|Anhydro•|1•C3•C4•C6•|tetra•|O•|methyl•|D•|glucitol•@•i76•j•D•@To•@a•@stirred

solution•@of•@O•D96•@g•@•i5•@mmol•j•@of•@74•@in•@6•D4•@mL•@of•@dimethyl•@sulfoxide•@were

simultaneously•@added•@a•@solution•@of•@1•@g•@of•@sodium•@hydroxide•@in•@1•@mL•@of

water•@and•@1•D60•@g•@•i12•D6•@mmol•j•@of•@dimethyl•@sulfate•@at•@the•@temperature

being•@kept•@below•@60•@OC•D•@Stirring•@was•@continued•@at•@this•@temperature•@for•@30

min•D•@After•@standing•@overnight•@at•@room•@temperature•C•@theŒŒxture•@was

poured•@into•@water•C•@and•@extracted•@with•@chloroform•D•@The•@extract•@was•@dried•C

evaporated•C•@and•@the•@residue•@was•@separated•@by•@a•@column•@chromatography•C

using•@ether•@•^n•|hexane•@•i1•@•^•@1•j•D•@•flhe•@fractioms•@having•@Rf•@O•D45•@gave•C•@on

evaporation•C•@76•@as•@a•@colourless•@liquid•@•iO•D55•@g•C•@50910•j•D•@The•@specific•@rotation

of•@76•@in•@CHC13•@•ic•@1•D058•j•@at•@20•@O•@C•F•@•oct•n•D•@•{66•E70•C•@•moc•n•C•C•C•@•{69•E80•C•@•mct•ns46

•{78•D60•C•@•mct•n•C•C•C•@•{130•D10•C•@and•@•mct•n•C•C•C•@•{155•D40•D•@IR•@•ifilm•j•F•@2975•C•@2900•C•@2890•C

2810•@•iv•C•@GH•j•C•@1100•@cm•@i•@•iv•D•C•@C•|O•|C•j•D•@iH•@NMR•@•i400•@MHz•C•@CDC13•j•@6

4•D09•@•iH•Eˆê5•C•@3J•D•D•D•C•D•D•C••6•D8Hz•C•@3Jriˆê•C•C•C•Dˆês••5•DOHz•C•@3•D•n1•Dˆê•C•C•D•D••4•D3Hz•j•C•@3•D92•@•iH•|2•C•@•HJ•D•D

•A•C“cA••5•E9Hz•C‡`H•|1B••5•E9Hz•C3•vH•D2•CHˆê•C••3•E6Hz•j•C3•E68•iH•|4•C‡`Hˆê•f4•E1Hz•E3JIH•D

4•CH•|3••O•E8Hz•j•C•@3•E64•@•iH•|3•C•@3J•Dˆê•C•C•D•D•C••3•D9Hz•C•@3•DJ•D•D•C•C•Dˆêil•C2Hz•j•C•@3•D64•@•iA•j•@and•@3•D59

•iB•j•@•iH•f6•C•@3•vH6•CgH•Ds••6•E8HZ•C•@3JH•|6B•CH•|s••5•EOHZ•C•@3J•|6•CgH•DB••10•E2HZ•j•C•@3•E55•@•iA•j•@and

3•D47•@•iB•j•@•iH•|1•C•@3JH•D•C•D•CH•D2••6•DOHz•C•@3JHˆê•CB•CH•D2••5•D9Hz•C•@3JHˆê•C•D•CH•DiB••10•DOHz•j•C•@3•D40

•iS•I2t1•I330•|Cl•j•C•@3•D40•@•i•I2t11330•|C6•j•C•@3•D39•@•i•I21•I30•|C4•j•C•@3•D38•@ppm•@•iSII1L•CO•|C3•j•D•@i3•@C

NMR•@•iCDC13•j•@6•@85•E69•C•@84•E75•C•@82•E26•C•@79•E83•C•@73•E15•C•@70•E66•C•@59•E25•C•@59e19•C
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v•DJ•jn•jˆêˆêˆê•D•D•D•D•Dˆêˆêˆêˆêˆêˆêˆê•Dˆê

57•D42•C•@57•D35•@ppm•D•@Anal•D•@Calcd•@for•@CioH200s•F•@C•C•@54•D53•G•@H•C•@9•D15•D•@Found•F

C•C•@53•D97•G•@H•C•@9•D25•D

2•C5•|Anhydro•|3•C4•|di•|O•|ethyl•|D•|glucitol•@•i75•j•D•@A•@mixture•@of•@O•D52•@g

•i2•D6•@mmol•j•@of•@615•@and•@10•@mL•@of•@water•@was•@treated•@as•@described•@for•@74•C

to•@give•@pure•@75•@•iO•D35•@g•C•@67•“•j•@after•@column•@chromatography•C•@using

chloroform•@•^•@isopropanol•@•i8•@•^•@2•C•@Rf•@O•D76•j•D•@The•@specific•@rotation•@of•@75•@in

CHq3•@•ic•@1•D09•j•@at•@20•@OC•F•@•moL•n•D•@•{61•D00•C•@•mct•n•C•C•C•@•{64•D20•C•@•mot•n•C•C•C•@•{71•D9e•C•@•mOt•n•C•C•C

•{117•D80•C•@and•@•mct•n•C•C•C•@•{139•D4e•D•@IR•@•ifilm•j•@3390•@•iOH•j•C•@2960•C•@2930•C•@2870•@•iv•C

C•|H•j•C•@1100•C•@1065•C•@and•@1040•@•iv•C•@CO•|C•j•@cm•fi•D•@•fH•@NMR•@•i600•@MHz•C•@CDC13•j

6•@4•D10•@•iH•|2•j•C•@3•D95•@•iH•|3•C•@3J•D•D•C•C•@•D•D•C••5•D2•@Hz•j•C•@3•D92•@•iH•|5•C•@3J•D•D•C•C•Dˆê•Cg6•@Hz•j•C•@3•E89

•iH•|4•j•C•@3•D88•@•iA•j•C•@3•D83•@•iB•j•@•iH•|1•C3J•Dˆê•C•D•C•Dˆê•C••4•D7•@Hz•C•@3J•D•D•C•C•C•@•D•D•C••3•D9•@Hz•j•C•@3•D84

•iA•j•C•@3•D69•@•iB•j•@•iH•|6•C•@3•v•D•D•C•C•D•D•D••2•D6•@Hz•C•@3J•Dˆê•C•C•@•Dˆê•C•D••3•D9•@Hz•j•C•@3•C68•@•iA•j•C•@3•D49•@•iB•j

•i3J•C•D•D••9•EO•@HZ•j•C•@3•f60•C•@3•f55•@•iCH3CH2•f•j•C•@1•f215•@•iCH3CH2•f•C•@3J•Dic••6•f9•@HZ•j•C

1•D213ppm•i•ºŒ^•†CH2ˆê•C3J•Bi•B••6•D9•@Hz•j•D13•@C•@NMR•iCDCI3•jƒÂ84•D86•iC•|3•j•C

83•D67•@•iC•|5•j•C•@83•D24•@•iC•|4•j•C•@80•D26•@•iC•|2•j•C•@65•D•g•@•ica3kt2ˆê•j•C•@62•D87•@•iC•|6•j•C

61•D81•@•iC•|1•j•C•@15•D45•C•@15•D31•@ppm•@•i•IC2113CH2ˆê•j•D•@Anal•D•@Calcd•@for•@CioH200s•F•@C•C

54•D53•G•@H•C•@9•D15•D•@Found•F•@C•C•@53•D93•G•@H•C•@9•D40•D

2•C5•|Anhydro•|3•C4•|di•|O•|ethyl•|1•C6•|di•|O•|methyl•|D•|glucitol•@•i77•j•D

The•@methylation•@of•@66•@by•@use•@of•@dimethyl•@sulfate•@gave•@a•@819e•@yield•@of•@77•F

iH•@NMR•@•i90•@MHz•C•@CDC13•j•@6•@4•D15•|3•D40•@•im•C•@12H•j•C•@3•D38•@•is•C•@6H•C•@OCH3•j•C

and•@1•D19•@ppm•idt•C6H•CˆêCH2•º•m•j•GIR•ifi‡q•j2970•C2910•C2875•C2801•iv•C

C•|H•j•C•@and•@1101•@•iv•D•C•@C•|O•|C•j•@cmˆê•f•G•@iH•@NMR•@•i600•@MHz•C•@CDCI3•j•@6•@4•D04

•iH•|5•C•@3JrH6•D•CH•Ds••6•DOHz•C•@3Jl•D•D•C•D•C•Dˆês••4•D7Hz•C•@3•vH•|s•CHˆê•C••3•D9Hz•j•C•@3•D85•@•iH•|2•C•@•H•vH•D2•CH•D

iA••6•DOHz•C•@3•vH•|2•CH•D•CB••6•DOHz•C•@3•vH•D3•CH•D2••3•D4Hz•j•C•@3•D70•@•iH•|4•C•@3JH•|s•CH4••3•D9Hz•C•@3JrH4•CH•D

•C•qO•D5Hz•j•C•@3•D64•@•iH•|3•C•@3•v•Dˆê•C•C•Dˆê•C••3•DOHz•C•@3J•D•D•C•D•D•C•qO•D5Hz•j•C•@3•D51•@•iA•j•@and•@3•D55

•iB•j•@•iJI•|6•C•@3J•D•D•D•CH•|s••6•D9Hz•C•@3•v•D•D•CB•CH•Ds••4•D7Hz•C•@3JHˆê•C4H•D•D••9•D8Hz•j•C•@3•D41•@•iA•j•@and

3•E46•@•iB•j•@•iH•|1•C•@3jr•D•D•C•C•Dˆê•C•D••5•D6Hz•C•@3•v•D•D•CA•Dˆê•C•C••9•D9Hz•j•C•@3•D38•@•iA•j•@and•@3•D55•@•iB•j

•iCH3CH2ˆê•C•@3J•D•D•@••6•D9Hz•C•@3ƒRŒû•D•D••9•DOHz•j•C•@3•D45•@•iA•j•@and•@3•D50•@•iB•j•@•iCH3CH2ˆê•j•C

3•D31•@•iCH30ˆê•j•C•@1•D13•@•iCH3CH2ˆê•C•@3•v•D•D••6•D9Hz•j•C•@and•@1•D12•@ppm•@•iCH3CH2ˆê•C•@3J•D•D

••6•D9Hz•j•G•@•f3•@C•@NMR•@•iCDCI3•j•@6•@84•D3•@•iC•|3•j•C•@83•D1•@•iC•|4•j•C•@82•D2•@•iC•|2•j•C•@79•D7

•iC•|5•j•C•@73•D1•@•iC•|1•j•C•@70•D7•@•iC•|6•j•C•@65•C0•C•@64•D9•@•iCH3•I2t1•IZ2ˆê•j•C•@59•D0•@•i9t30ˆê•j•C•@and

15•D1•@ppm•@•i•I•I1•I•FLtCH2ˆê•j•G•@Anal•D•@Calcd•@for•@Ci2H240s•F•@C•C•@58•D04•G•@H•C•@9•D74•D

Found•F•@C•C•@58•D02•G•@H•C•@9•D76•D
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ƒ}ƒm•[ˆêˆêˆêˆêˆêˆêˆêˆêˆêˆê

Polymerization•D•@A•@typical•@polymerization•@procedure•@is•@presented•@here•D

Monomer•@61•@•i501•D5•@mg•C•@2•D48•@mmol•j•@was•@dissolved•@in•@dry•@CH2C12•@•i5

mL•j•C•@and•@BF3•fOEt2•@•i3•D1•@mL•C•@O•D02•@mmol•j•@was•@added•@by•@use•@of•@a

microsyringe•D•@After•@24•@h•@at•@ˆê30•@OC•C•@the•@solution•@was•@poured•@into•@a

methanol•@contaming•@a•@drop•@of•@aqueous•@ammonia•C•@and•@the•@resulting•@solution

was•@replaced•@by•@n•|hexane•D•@The•@precipitate•@was•@isolated•@and•@dried•@under

vacuum•@to•@yield•@polymer•@79•@•i190•D9•@mg•C•@38•“•j•D•@IR•@•ifilm•j•@2960•C•@2920•C

2890•C•@2860•@•iv•C•@C•|H•j•C•@and•@1100•@•iv•D•C•@C•|O•|C•j•@cm•h•D•@i•@H•@NMR•@•i400•@MHz•C

CDC13•j•@6•@4•D10•C•@3•D93•C•@3•D80•|3•D33•C•@and•@1•D19•@ppm•D•@i3C•@NMR•@•iCDCI3•j•@6

84•D34•C•@83•D15•C•@82•D56•C•@82•D43•C•@79•D84•C•@72•D06•C•@71•D87•C•@69•D40•C•@65•D20•C•@and•@15•D34

ppm•D•@The•@specific•@rotation•@of•@polymer•@2•@in•@CHƒ¿3•ic•@1•D14•jat•@22•BC•F‰ñD

•{32•D70•C•@•mct•n•C•C•C•@•{33•D3e•C•@•mct•n•C•C•C•@•{37•D30•C•@•mct•n•C•C•C•@•{60•D40•C•@and•@•mct•n•D•C•@•{71•D40•D

Cation•|binding•@ability•D•@Metal•@picrate•@extractions•@were•@carried•@out

using•@a•@similar•@procedure•@as•@the•@one•@developed•@by•@Pedersen9•D•@Dye

extractions•f•@were•@performed•@by•@using•@equivolumes•@of•@the•@dye•@•iO•D1•@mg•@in

10•@mL•@of•@H20•j•@and•@polymer•@78•@or•@polymer•@79•@•i10•@mg•@in•@10•@mL•@of

CH2C12•j•@solution•D

•iS•CS•jˆê1•C2•F3•C4•|Butanedioxide•@•i81•j•D•@The•@procedure•@was•@employed•@that

reported•@by•@Seebach•@et•@al•D•f•@To•@55•@g•@•iO•D34•@mol•j•@of•@2•C3•|O•|isopropylidene•|

L•|threitol•@85•@in•@380•@mL•@of•@dry•@pyridine•@was•@added•@140•@g•@•iO•D73•@mol•j•@of

p•|toluenesulfonyl•@chloride•@to•@yield•@156•D3•@g•@•i98•“•j•@of•@1•C4•|ditosyl•|2•C3•|O•|

isopropylidene•|L•|threitol•@87•D•@After•@recrystallization•@from•@ethanol•@were

added•@330•@mL•@of•@2N•@hydrochloric•@acid•@and•@670•@mL•@methanol•D•@This

solution•@was•@refluxed•@with•@magnetic•@stirring•@for•@4•@h•D•@The•@cooled•@product

was•@neutralized•@with•@potassium•@hydroxide•@and•@extracted•@with•@chloroform•D

The•@solvent•@was•@removed•@under•@reduced•@pressure•D•@The•@product•@yielded

37•@g•@as•@liquid•D•@This•@dihydroxy•|ditosylate•@87•@was•@treated•@with•@potassium

hydroxide•@to•@close•@ring•D•@Dioxide•@81•@yielded•@4•D8•@g•@•i64•“•j•C•@bp•@46•|49•@OC•@•^

17•@mmHg•D•@•mct•nBO•••{28•D200•@•ic••6•D75•@in•@CCI•C•j•D•@IR•@•ifilm•j•F•@839•C•@911•@cm•h

•iepoxy•j•D•@•fH•@NMR•@•iCDC13•j•@6•@2•D74•|2•D91•@•im•G•@6H•j•D•@Anal•D•@Calcd•@for•@C4H604•F

C•C•@55•D80•G•@H•C•@7•D03•D•@Found•F•@C•C•@55•D65•G•@H•C•@7•D09•D

Polymerization•@of•@•iS•CS•jˆê1•C2•F3•C4•|butanedioxide•@•i81•j•D•@The
polymerization•@was•@canied•@out•@with•@tin•iIV•j•@chloride•@or•@boron•@trifluoride
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yˆê•jNˆêˆêˆêˆêˆêˆêˆêˆêˆê•Dˆê•D•hˆêˆêˆêˆêˆê•D•Dˆêˆêˆêˆêˆêˆêˆê•Dˆê

etherate•@as•@cationic•@polymerization•@catalyst•@and•@with•@potassium•@tert•|butoxide

as•@anionic•@catalyst•D

Molecular•@mechanics•@of•@force•@field•@caRculations•D•@Programs•@MM2
and•@MM2UEC•@were•@used•@throughout•@all•@this•@work•@for•@computation•@of•@the

geometry•@and•@the•@energy•@of•@each•@conformer•@for•@75•@and•@77•D•@The•@averaged

coupling•@constants•@was•@computed•@by•@the•@3JHH•@programes•@which•@is•@based

on•@Altona•fs•@generalized•@Karplus•@equation•D26

•fh•fansport•@experiment•D•@ln•@a•@•hU•|tube•h•@with•@a•@14•@mm•@internal•@diameter

was•@placed•@10•@mL•@of•@chloroform•@with•@2•@geL•h•@of•@the•@host•@polymer•@78•D•@An

aqueous•@solution•i5•@mL•jcontairŒŒg•@O•D08•@M•@HCl•@and•@O•D02•@M•@guest•@amine

salt•C•@was•@placed•@in•@the•@a•|arm•@•ithe•@source•@phase•j•D•@The•@6•|arm•@•ithe•@receiving

phase•j•@contained•@5•D0•@mL•@of•@O•D10•@M•@HCI•@solution•@in•@water•D•@The•@chloroform

phase•@wasŒŒxed•@using•@a•@small•@magnetic•@stirrer•@at•@a•@constant•@rate•D•@The

transported•@guest•@salts•@were•@followed•@by•@measuring•@the•@UV•@absorbance•@at

272•@nm•@for•@the•@solution•@in•@the•@6•|arm•D•@The•@optical•@purity•@was•@determined

by•@HPLC•@using•@CROWNPAK•@CR•@•i•{•j•@•iDaicel•@Chemical•@lndustries•C•@Ltd•D•j

as•@the•@optical•@resolution•@colunm•@and•@aq•D•@HaO4•@•ipH•@2•D0•j•@as•@the•@eluent•D

•E•f•D•D•v

‘ˆ•A
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5•D7•@References•@and•@Notes

•i1•j

•i2•j

•i3•j

•i4•j

•i5•j

•i6•j

•i7•j

•i8•j

•i9•j

•i10•j

•i11•j

•i12•j

•i13•j

•i14•j

For•@example•C•@Host•@Guest•@Complex•@Chemistry•@Macrocycles•C•@ˆê•CS•„•Cnthesis•C

Strucmres•C•@Applica•@tionsˆê•G•@V6gtle•C•@F•D•G•@Weber•C•@E•D•G•@Ed•D•G•@Springer•|Verlag•F•@Berlin•C

1985•D

Several•@reports•@have•@been•@published•@on•@the•@cyclopolymerization•@of•@diepoxy

compounds•C•@see•F•@•ia•j•@Still•C•@J•D•@K•D•G•@Culbertson•D•@B•D•@M•D•@J•D•@Polym•D•@Sci•D•C•@Part•@A

1964•C•@2•C•@405•D•@•ib•j•@Bauer•C•@R•D•@S•D•@J•D•@Polym•D•@Sci•D•C•@Part•@A•|1•C•@1967•C•@5•C•@2192•D•@•ic•j

Aso•C•@C•D•G•@Aito•C•@Y•D•@MakromoL•@Chem•D•@1964•C•@73•C•@141•D•@•id•j•@Still•C•@J•D•@K•D•G•@Hillman•C
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Since•@a•@solvent•@effect•@was•@not•@observed•@clearly•@as•@shown•@in•@Table•@5•D1•C•@it•@may•@be

pointed•@out•@that•@propagation•@oocurred•@by•@SN2•@reaction•D

The•@nucleophilic•@reaction•@is•@an•@SN2•@reaction•@for•@most•@cyclic•@ethers•D•@This•@has
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with•@zinc•@dialkoxide•@both•@a•|scission•@and•@fi•|scission•@occurred•F•@TSuruta•C•@T•D•G•@lnoue•C
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ring•j•C•@respectively•D
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A•@similar•@observation•@on•@the•@•fH•@NMR•@spectra•@of•@1•C4•C7•C14•C23•|pentaoxaˆê
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Conclusion

6•D1•@Control•@on•@Primary•@Structure•@of•@Macromoliecular

Ionophore•@via•@CyclopoRymerizations•@of•@Diepoxides

and•@Diepisulfides

•@•@•@•@Crown•@ether•@units•@have•@been•@introduced•@into•@the•@polymer•@chain•@by

various•@methods•D•@Since•@in•@cyclopolymerization•C•@rings•@and•@polymer•@chain

are•@formed•@at•@the•@same•@time•C•@polymers•@with•@crown•@units•@are•@readily

prepared•@by•@means•@of•@an•@appropriate•@molecular•@design•D•@ln•@chapter•@2•C•@the

cyclopolymerization•@of•@diepoxy•@compounds•@namely•C•@1•C2•|bis•i2•C3•|

epoxypropoxy•jbenzene•C•@1•C2•|bis•m2ˆê•i2•C3•|epoxypropoxy•jethoxy•nbenzene•C

5•C6•F14•C15•@ˆê•@dibenzo•@ˆê•@1•C•@2•F•@18•C•@19ˆê•@diepoxy•@ˆê•@4•C7•C10•C13•C16•|pentaoxanonadeca•|

5•C14•|diene•C•@and•@2•C6•|bis•m3ˆê•i4•C5•|epoxy•|2•|oxapentyl•jˆê2•|methoxy•|5•|methyl•|

phenyl•nˆê4•|methylanisole•@gave•@the•@polymers•C•@poly•i•m10•ncrown•|3•j•f•C

poly•i•m16•ncrown•|5•j2•C•@poly•idibenzo•m19•ncrown•|6•j3•C•@and•@poly•ihemispherand•j•e•C

respectively•C•@which•@showed•@the•@cationdbbinding•@properties•D

•@•@•@•@In•@chapter•@3•C•@the•@cyclopolymerization•@of•@diepithio•@compounds•C•@namely

1•C2•|bis•i2•C3•|epithiopropoxy•jbenzene•@and•@1•C2•|bis•m2ˆê•i2•C3•|epithiopropoxy•j

ethoxy•nbenzene•@were•@carried•@out•@to•@give•@the•@polymers•@with•@thiacrown

ether•@units•@containing•@sulfur•@atoms•D•@The•@ring•@size•@of•@the•@cyclic•@units•@in•@the

polymers•@was•@fitting•@to•@bind•@metal•@ions•@such•@as•@Cu2•f•C•@Ni2•f•C•@Co2•g•C•@and•@Hgl•f•D

This•@indicated•@that•@the•@characteristics•@of•@thiacrown•@ethers•@with•@the•@sulfide

group•@being•@a•@soft•@base•@which•@has•@a•@high•@affinity•@for•@soft•@acids•D5

•@•@•@•@These•@results•@suggest•@that•@the•@cyclopolymerizations•@of•@diepoxides•@and

diepisulfides•@are•@a•@facile•@method•@for•@the•@syntheses•@of•@poly•icrown•@ether•js

and•@poly•ithiacrown•@ether•js•@with•@ether•@and•@sulfide•@linkages•@in•@the•@polymer

backbone•D•@ln•@addition•C•@it•@is•@clear•@that•@the•@method•@is•@capable•@of•@controlling

the•@primary•@structure•@of•@the•@polymer•@with•@macrocyclic•@units•D
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6•D2•@Control•@on•@Secondary•@Structure•@of
Macromolecular•@lonophore•@via•@Cyclopolymerization
of•@Chiral•@Diepoxides

•@•@•@•@The•@interest•@in•@the•@chiral•@compounds•@which•@are•@derived•@with

maintaining•@chirality•@from•@natural•@products•@has•@increased•@enormously•@in

recent•@years•D•@ln•@the•@field•@of•@host•|guest•@chemistry•C•@without•@exception•C•@the

synthesis•@of•@chiral•@hosts•@is•@a•@most•@important•@concept•D•@ln•@chapter•@4•C•@a

chiral•@control•@was•@attained•@in•@the•@regioˆê•@and•@stereospecific
cyclopolymerization•@for•@chiral•@diepoxy•@monomers•C•@namely•C•@•i2R•C18R•jˆê•iˆê•jˆê

and•@•i2S•C18S•jˆê•i•{•jˆê5•C6•F14•C15dibenzo•|1•C2•F18•C19•|diepithio•|4•C7•C10•C13•C16•|

pentaoxanonadeca•|5•C14•|diene•D•@The•@polymers•C•@poly•m•iR•C•@R•jˆê
dibenzo•m19•ncrown•|6•n•@and•@poly•m•iS•C•@S•jˆêdibenzo•m19•ncrown•|6•n6•C•@possessed

higher•@stereoregularity•C•@thereby•@indicating•@chiral•@recognition•@property•D

The•@cyclopolymerization•@of•@chiral•@diepoxy•@monomers•@is•@also•@a•@facile

method•@for•@the•@synthesis•@of•@chiral•@poly•icrown•@ether•js•D•@The•@method•C•@thus•C

is•@capable•@of•@controlling•@the•@secondary•@structure•@of•@polymers•D

6•D3•@ControR•@on•@Tertiary•@Structure•@of•@MacromolecuRar

Ionophore•@via•@Cyclopolymerization•@of•@Diepoxides

•@•@•@•@Finally•C•@in•@chapter•@5•C•@the•@polymer•@with•@tetrahydrofuranyl•@repeating

units•@like•@naturally•@occurred•@antibiotic•@ionophores•C•@such•@as•@monemsin•C

nigericin•C•@antibiotic•@X•|206•C•@and•@alborixin•@was•@prepared•D•@The•@monomer•C

1•C2•G5•C6•|dianhydro•|D•|mannitol•C•@derived•@from•@natural•@sugar•@was
cyclopolymerized•@to•@give•@the•@polymer•@with•@2•C5•|anhydro•|D•|glucitol•@units•D

The•@polymer•C•@therefore•C•@is•@a•@new•@family•@of•@macromolecular•@ionophore

which•@belongs•@to•@polyether•@ionophore•@consisting•@of•@a•@linear•@array•@of

tetrahydrofuranyl•@rings•D7•@The•@polymer•@formed•@a•@helical•@conformer•@in•@the

complexation•@with•@cations•C•@which•@were•@able•@to•@effectively•@bind•@various

cations•C•@such•@as•@methylene•@blue•@and•@rhodamine•@6G•C•@by•@varying•@size•@in•@the

helical•@cavity•D•@The•@result•@indicates•@a•@possibility•@of•@the•@control•@on•@the

tertiary•@structure•@of•@the•@polymer•@that•@is•@one•@of•@the•@most•@important•@aspects

in•@the•@field•@of•@host•|guest•@chemistry•D8
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6•D4•@Contribution•@in•@the•@Field•@of•@Host•|Guest
Chemistry

•@•@•@•@As•@described•@above•C•@control•@on•@primary•C•@secondary•C•@and•@tertiary

structure•@of•@polymer•@was•@accomplished•@by•@the•@cyclopolymerization•@of

diepoxides•@and•@related•@compounds•D•@In•@chapter•@2•C•@3•C•@and•@4•C•@it•@was•@elucidated

that•@the•@cyclopolymerization•@is•@a•@facile•@method•@for•@syntheses•@of•@the•@host

polymers•@with•@maclocyclic•@units•D

•@•@•@•@In•@chapter•@5•C•@a•@new•@faŒŒly•@of•@macromolecular•@ionophore•@was

demonstrated•D•@ln•@general•C•@a•@linear•@polymer•@is•@able•@to•@vary•@its•@conformation

according•@to•@the•@conditions•@of•@polymerization•@and•@environment•D•@ln•@many

conformations•C•@the•@unique•@and•@interesting•@form•@is•@helical•D•@The•@helical

conformation•@consists•@of•@rightˆê•@and•@left•|handed•@turns•C•@each•@of•@which•@is

optically•@active•D•@The•@biopolymers•C•@such•@as•@proteins•@and•@nucleic•@acid•@have

the•@helical•@structure•@with•@intra•@and•@intermolecular•@hydrogen•@bonds•D•@The

helical•@structure•@played•@an•@important•@acts•@for•@biological•@functions•D

•@•@•@•@The•@macromolecular•@ionophores•@described•@in•@this•@thesis•@possesses•@a

helical•@structure•@plays•@an•@important•@act•@for•@biological•@functions•D•@The

macromolecular•@ionophores•@under•@consideration•@possesses•@a•@helical
structure•@in•@complexation•@with•@guest•D•@The•@ionophores•@presents•@a•@new•@type

of•@hosts•@in•@the•@field•@of•@host•|guest•@chemistry•D
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