AONUUINBUINT )
RN ITIUAIVENAY

fUT ATARLE

AQuIEU beda



LY oy
AnAnssudszmna

(Acknowledgements)

Tuwvesnnzdde Wamhausdde (Gesnansinnsd as. qoyy Iingde) Insveveunszqu
noapiiviamimunay oy pnasnsshmiinnds 7 &mivemppite ildamdiod Waidagdaatl
Aauh

Tulomail nsveveunszqu fahomirasnsd asdgn walanr fl¥nushomdelums

as2emeu Inssadadumatin NMR



11

amsvealasams ot WnnaiseRiudeaiuns danswirsusensdu unzeyRuT
e e Tl gweRwediuumdunss deamddoduiu 18 sz funils aazdvamulnngmsaffidy
lfud madaamnavusenandu desmdodeulvinng uaswedweiudunsaiu dilined)
s auguta nrweuldalfiiefidesunsiiaaounusensdinia ) Fmuh wy
yennFrueuameiduiumsinasmauniafo wor Wansfifianuedosgs findoniud wuven
andulawes Aeumianhaasdiuialdiinoaawia i mndanurensndu lawesiiuTuagandnuda
mavianngliiluana hiswadlugdhuaganguieu (Molecular Assembly) wie Tumanazumau
(Macrocyelic Molecule) whssiinmuiu1d  Tamswzansdioynd Wdiuaue luagarumon Tay
huuyenandulawed uglinudn léau"iuﬂmnqnﬁ"luﬁuﬁ:ﬁwq U IBmNDS Bined

Tnsamsitdndiiu 1@ty oz Ihhdaiuramdisainilnsms i nmamoniud
aalsinglumaruan *.lElnrlﬂﬁﬁqﬁﬂﬂtjmm’mm'[frﬁnﬁ?i'u'i'ihﬂ"lTumqnwamuwnsﬁuiu
flagiiudan augton e mdistiendhule Tunide dedifnuasduiumaiolumend

moteamIalndifog

Wanthame i

—

; e =
I ——. e /- 5-\'!“5—_ | ——

TRIMANTINGG A3, I Vet

GENTY
wnzidon 012734

'5'“, tﬁﬂ“,"ﬂ 2¥n.A .49




iii

st ]
unfagaME Ing

mAdut euemsriapl TnagmlssimaaamamnnTassadasenandulawed
asrundanssiiuhedesnnliitmiduiulaebilddoulvisudon  dmsdadenidesn
mai I Sige  uovilssAniamiai Winondnlusnngs  msamndiidondaniuszen
medinioy 18 Tanl ¢ aedanaelsd Tuvariimsumuiidendoiussdmediniu 18 Taoldieiidulna
Ao rn:r’JqLm‘mﬂ:zmﬂqm-}‘;uulﬂuﬁuizﬁmﬂﬂLimamﬁﬂumi".'i'u'laﬂnuwﬂm:ﬂmﬂﬂﬁmﬂnﬁ
o lmiidin 1unﬁﬁﬁ"iﬂuuu'ﬂmmmﬁn-mﬁa‘ﬂum'ii'u'lanﬂuuuﬂn'ﬂ:lﬁuﬁquuuﬂmﬂﬁwwa

| ] 4 " 3 o
M5 IuAently loesuvaslans iag wilamiioyeimsaanm vaeniia lespuvealony



Abstract

The present work proposes the approach to produce supramolecules of benzoxazine
dimer based macrocyclic molecules. The synthesis pathway is simple as the reaction
proceeds without using complicate conditions, selective since the product obtained has the
high purity, and effective referring to the high yield of the product. The macrocyclic
compounds linked with ester bond are prepared by using diacid chloride whereas the ones
linked with ether bond are obtained from the use of ethylene glycol. The ether typed
macrocyclic compounds show the interaction with alkaline and alkaline earth metal ions. In
this case, the structure of host-guest compound is either two units of macrocyclic to one metal

ion or one unit of macroeyclic to one metal ion.
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Chemicals  szmsaineiuaud  TwRoleasenlsd  wdvumiivewn  TudmFoulsnsenlsd
naslsvledy uunnudounanlsd uamSounoelsd uae psnlwain WumsiniivesuTin Ajax chemicals
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Uszmeemande maaimnaiadnnlylas iladmmsihnignidnaiweieials

2. gﬂﬂm?uazlﬁ"ipjﬂg

Wivinsusdeiuditasamlnng Rannsding1eidanaioles  Bruker Equinoxss/s
Specirophotometer 'Iuhﬁmﬂ:rﬁfqud 4000-400 lh'lIFIﬁ'u Afmanes Deuterated Triglycinesulfate
(DTGS) HaiinmannaaTunisag I iAgIsHEunIe (Specific Detectivity, D) 1X10° emHz"w"  maiin
Tnnimandeudnuduetssdvileisudmaunuiiimaeiines  (Differential  Scanning
Calorimeter, DSC)) Perkin Elmer DSC7 1nguimgil 50°C 12 200°C Awdaiima Ianmdeu 10°C dnuil
Tusaeuiiaundoumnnidnts Tadtung (B NMR) Sinsridanades Varian Mercury-4008B (fianlana114
DINMSIATILHAINAT B Perkin Blmer UV-VIS spectrometer Lambda 16

3. MadanI e
3.1 AU 1mm.ﬂi -

WUFONFITUNDUBILNDT (3,4-Dihydro-1,3-2H-benzoxazines Wit ¥iaded BzxM) 9 Uszam
{iﬂ'ﬁ 2) lAuf 3.4-Dihydro-3,6,8-trimethyl-2H-1,3-benzoxazines (BZXM-1), 3,4-Dihydro-3 6-dimethyl-2H-
1,3-benzoxazines (BZXM-2), 3 4-Dihydro-3-methyl-6-ethyl-2H-1,3-benzoxazines (BZXM-3), 3,4-Dihydro-3-
n-propyl-6,8-dimethyl-2H-1,3-benzoxazines (BEZXM-4), 3, 4-Dihydro-3-n-propyl-6-methyl-2H-1,3-
benzoxazines (BZXM-3), 3,4-Dihydro-3-n-propyl-6-ethyl-2H-1,3-benzoxazines (BZXM-6), 3,4-Dihydro-3-
cyclohexyl-6,8-dimethyl-2H-1,3-befizoxazines . (BZXM-17), | 34-Dihydro-3-cyclohiexyl-6-methyl-2H-1,3-
benzokazines (BZXM-8), ua 3 4-Dihydro-3-cyclohexyl-6-ethyl-2H-1 3-benzoxazines (BZXM-9) qmﬂ?uuf‘u
Frw§ATouantier (Mannich Reaction) Aatlsnglunsswanluedn “” nanTaodamfie wismediiad
'8¢ (Paraformaldehyde) ByiuiThuea Aun misndaen (p-Cresol) 4-lmofiaWusa (4-Diethylphenol) W30
2,4-TaiefiaTuen (2,4-Diethylphenol) TAgminminl§ieiueiivalgugil (Primary amine) 18un wilae
fiu (Methylamine) Twifiaieiiu (Propylamine) w38 lwTnasndaieilu (Cyclohexylamine) Tudnitdulag
Tuaidiu 2:1:1 TagiWandlumsazarwlaeenian (Dioxane) iuna 6 411w i llszmuewniagaw

aonll simhni TlazawlulaeiiaBimes (Diethylether) mimimnh luddwmsasanludonlaasen
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0~ "N-R 0~ “N—R 0" N=R
Cl"ls\@) @/‘ : J
CH3 CHs

R = -CH; (BZXM-1) R =-CH; (BZXM-2) R =-CH, (EZIH-E]
= .n CyH; (BZXM-4) = -n C;H; (BZXM-5) = -n CyH; (BZXM-6)
= -CgH,y (BZXM-T) =-CeHyy {EZKH-B] =-CgHyy {BZ.KM-S]'

1 ] -
i s wuvenmFuvousweinmisylunside.

32 mauyenmnFulawed

nuzens 13 lawes (W, V-Bis-2-hydroxybenzylalkylamine it 4ate 1 BZXD) Wa 9 ¥in (31
# 9 1Aun N N-Bis(3,5-dimethyl-2-hydroxybenzymethylamine  (BZXD-1), N, N-Bis(5-methyl-2-
hydroxybenzyl)methylamine  (BZXD-2), N.N-Bis(5-ethyl-2-hydroxybenzyl)methylamine (BZXD-3), N.N-
Bis(3,5-dimethyl-2-hydroxybenzyl)propylamine (BZXD-4), N.N-Bis(5-methyl-2-hydroxy benzyl) propylamine
(BZXD-5), N, N-Bis(5-ethyl-2-hydroxybenzyl)propylamine (BZXD-6), N.N-Bis(3,5-dimethyl-2-
hydroxybenzyl)cyclohexylamine, (BZXD-7), N, A-Bis(5-methyl-2-hydroxybenzyl)cyclo hexylamine (BZXD-8),
uaz N.N-Bis(5-ethyl-2-hydroxybenzyl)eyclohexylamine (BZXD-9) w3on Tamsinlgisoimadiasamau
snhavusenandull dnnmawionlu 3.1 uae ayiuiibiea dnlsinglunvanduein™  ndn
Taodanife Thnurenndureusmedininlfiiofueyiuiiuealusasidm 121 Taoinlgatend
60°C Tuanmi hidaadudniazaw Whinm 3 $2Tue thazneufiain & edolaweiadmed nies

wazifuasnoudvii 18 i Wankanlmidole Tenswuen s idndnla hifididumsndnsual

GrEETY YTy

= -CH, (BZXD-1) = -CH, (BZXD-2) R = -CHs (BZXD-3)
=-n C;Hf {BZXD-#} =-n C;H: {EZXD 5} =-n C;H; IEZXD-G}
= -CgH4 (BZXD-7) = -CgHy4 (BZXD-B) = -CgH,y (BZXD-9)

gt 0. wuwenandulaweiimionlumside,



33 manuyenyulawe st wiuzoaned

wugenydulamei  (Scheme 1 3 Uszianldud N.N-bis(2-hydroxy-5-ethylbenzyl)eyclo
hexylamine 1, N N-bis(2-hydroxy-3-methylbenzyllpropylamine 2, and N N-bis(2-hydroxy-5-methyl
benzyleyclohexylamine 3 griniondasiimsanlsinglunvaulusdia ™

wuvenadulames 1 (1.84 g 5 mmol) ginTuuilumnsazawlasmsazawlulanos T3
(100 mL) wiewdwlnsiefioeniiu ELN (140 mL, 10 mmol) msazamniswm ladanan 15q
(Terephthaloyl chloride, 1.02 g, 5 mmol) hwumas1laTasyusu (50 mL) qmvﬁun#mmmmmuummzmu
wurennFulaned 1 erinfiin u gumgiieudhunm s $aTue msazmuit Idndmnlfasn
Auiuudrgniuus ez iimsdanuuuend e (extfacion)  Fanfuaziltiodsdronsiiy v
Faolnsulanss uasia 3w dAnhasmwgnuonesniasens i lagnanudnlmidomsayaoney
senhaleTaTwsvueauas Taaae Taflnu (dndand 1:1) e85 4 Aa01Tira 40 % (40% yield)

avenndulamei 1 galdiiumsnsdusuiodu tasimidunsiisudetuiimsila
ms 4 dvasinlfeusanms Wlnstefianiin BN idhimsarmelsdonlanson o (0.80 g, 20 mmol
in 50 mL water) oz ldm3 & Tutl33a 80% (80%yield)

weniniindauugenandilamed 2 uae 3 WWgninntdifumsasdilumsdanswios 6

uaz 7 mudny Taoldmaniumansaiolsmoslaason laasudmiuon e 1 Flumsmionss 5
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I
0= OH
R
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R R

4:R =-C,Hs, R’ = -CgHyy

R !
O O
' i . 5: R =-CiH;, R' = -CgHy4
R—=N N—R 6. R =-CHs, R' = -C3H;
T.R= 'GHa. R'=-CgHyy
f f
Wa SR Vet g

4 - - A w
Ui 10. msuugenandulameifiFendieiussiomme;s.
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3.4 - ] . E wo e Py

wuena#ulawes (Scheme 1) N,N-bis(2-hydroxy-5-ethylbenzy)methylamine 8 and N,N-Bis(s-
ethyl-2-hydroxybenzymethylamine 9 gniniuudavdinmaaaaingluswanluedin™ 1dinldidums
Fifulumsdansimsuurenadulaweifdoudoiuszdimes (10-11)

wuvendulawed 8 (1 HadTua, 0271 ndy) gminnazaieluIngduiuamu 150 faddeg ifiu
TwumaiSon miFvoatonenlyd (2.1 Tadlua 0236 niw) sinminhmsidgnditunm 30 Wi 1ilain
Fanannlaeiaoaulnanea (1 HadTua, 0.434 03y nazawluIngBuini so Daddasudniliven
sthathqaslumsazatoues 8 Aidiasindnd shimsfidndioluifhuam 4 fu maazawezgminnd
Fanhinau so faddasiiinm 3 ads wani iiTaden A TaRoudaniaduleade nazfia 3
fhazmegnuonsense WWveandidmanadeu  shmsi gnansdnlmifhole Ty Tnavueaie 1dms
HaRAE 10

wusonaiFulawes o (1 fadlua, 0299 niu) Qﬂ'lii"iflumiﬁqﬁ’mimﬁmﬁu uazRINg
danseiisuinafudnsi 1dms 10 odlee 1ens 11

R 0 ] o) R
CHj._‘H . H.j.
R '; \ O 0O O R
— Yl
R = -CH; (10)
=-CzHy (1)

: - - A w -
Ui 1. mawusenendulaweiiideudaniusBimes.
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4. MEANHIAD [HIHHE 1FHANaIIT03

suTRanuitimsnane s sewasmandasiiai o idainsoliniemguam uandalfing
Tnaldmatinvestiinoidu mawusenaniulaweifideudoiuszioaned (5-7) uns arsuugenadu
Tawedfdouduiusedmed (10-11) gminnazawdionaelsdodulilarududud 7x10" Tvnd
s ladadumsazmundesamlaflwasaiiaoududuiy 7x10° Tund yhmsazmeludu
11'111J'Tﬁ1i1m:annﬁu#’mmnﬁnqﬁﬁlﬁnmﬂﬁ'[m:f'[ﬂﬁ']ﬁmmuﬂnﬂu 354 wiTums daumsazaolu
fuEuﬂ’sﬁquﬁﬂﬂixmum‘tﬁq1n'i1nsmunnfw1m‘fuﬁﬂﬁﬁnmﬁ’nﬂrhm:m'mmmﬁ'ﬂnmmﬁw

maiinTlsaewdwdueride 1
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1. MINGIUNIT I ¥

el &

L1 MusennFuuaune;
wwzeny1Fu 1ATnsnud i luyael ae. 1940 10Tl 1949 Holly uaz Cope lAimiaiins
duns1EH 3 4-dihydro-2H-13-benzoxazine latl%al§A3ounutia (Mannich Reaction) 75M113%uea p-
substituted phenols Auvlasiiaf laduaz o-hydroxybenzylamine Tudniidau 1:2:1 ieez efuoailang

- e -
UM ITUBBAF T UAITUNITN |

OH o

+ HCHO + R—NH; - (1)

R R

wusenyBuususmeiilstnoufiaunduiasneenndu  aunsanion1dlaold
Ufisoudia meiguilnmaiaonseildedeiwiaoldvain  FTIR Wailtileaninaaumaueen
nFusedfindivszina 1500 em’

nduitoveust IddunsedivisensBuayiuimanda idnsm B uedn "= il 12
iaRIRIetavesuena Fueuaned BZXM-2 finddgldud fin 1501 em” Fathuvenseenandu
uae 1251 em’ Suthivesmsdunuuiaves c-N-wpseenTIde iins 8nvams Liifinn31e (broad peak)
fudnusaa 3400 om’ Fadufinvesn]lansendn fumaseytans hiffmsdaduiueazuegiu
aqﬁufummﬂnmi‘uu‘nunma{ﬁlﬁuufu

madin NMR dluBnmadanilsitezasvmeuTassadvesnurenaduld (Uil 13) uaas
BZXM-2 Thinsfifhedaveuutdnaihiodowei  finfuihaendnusivesnuvensdulfund 3.93
LD 4.82 ppm ﬂfmﬂ'u-uawgluﬁﬂﬁuﬁm}mu'lmmnmiﬁu

i idesUsnen Tauldindny) Blemental Analyzer udniinii
mfnuRd i lsmeumsRsnderhmsfans e dudedaoivie hi ivums Bzxm-2 sl
Fafine 73.59, 7.97 uay 8.61 mwddy FalndRsatuii Idnnmsdnnude ¢ = 73.61%, H = 7.08%, N =
8.59% AUAIAY
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';l]ﬁ 12. FTIR spectrum U84 3,4-Dihydro-3,6-dimethyl-2H-1,3-benzoxazines (BZXM-2),
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314 13. 'H-NMR Spectrum 404 3,4-Dihydro-3,6-dimethyl-2H-1,3-benzoxazines (BZXM-2),



1.2 msuyenandulawes

wugensFulawesmunsomion lAvnuusenandunouswed  TasldufAsnmandans
e Tasseiveantslasam el Idumwiveanduinmivdeglugl Tnsaedavesms
doudedomjormuiiay  Anfuvurenandulawedmunsonsninseddesadeds Frir Tae
finrsanitiin oH Tugaa 3280 em” (Ragalit 14)

lwefn nquidoveanfunuimsdaamueauusenmdwidugaimsdlaniafion
umsdugrU§isidodas (Self-termination) wazlifueyiufunsenandulawed  Weilileann
wuse laTasiouiiiusaunluges Intemoleohlar Hydrogen Bonding 1A% Intramolecular Hydrogen
Bonding TuTaserdravesumsensidulawed Mililaweinauiumsfiodosuozanndnnionznou
ponTuvusinfiin

Soilowils  msdlmanmauvesuusonsdudaciueatiin o 14 luagafiGonfuiu
vonndulamed Aisdsgndsenandulawediumadeiulunsdunssioyiuilsanm i

i -
halszfuiauitugeiivniuis

4000 3500 3000 2500 2000 1600 1000 500

Wavenumber / cm’’
5UT 14. FTIR ttlAn3uund NN-Bis(5-methyl-2-hydroxybenzyl)methylamine (BZXD-2).
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Chemical shift / ppm

3UA 15. "H-NMR Spectrum 183 N, N-Bis(5-methyl-2-hydroxybenzyl)methylamine (BZXD-2).

= El - W T |
JUR 15 uaAs NMR Spectrum 48413 laes BZXD-2 Fawiumisfinldudfinvoaniaduds
y N | - i A - -
dudwiifsiunedmsiasaueenndun  adafefinndnaesiinfiduendnvalvesuuenan
- " T T, ] -
Fu wovewei lAudfinvesmniniaduiisgnoluasesnsidu # 393 uar 4.82 ppm sxnmoithuiivafin
- - w ) - " - - -
(#0271 3.69 ppm SumwiafinveadueamjazafideinTiusaianes
4. o : d
dimians lawes Bzxp-2 TAmneimsmiiiuesmlsenoulanl4inies Elemenial Analyser
. sk o ¢ w w A
vuindeidudvesmiveu leTasiou uas TuTasnudmives BzxM-2 suiludsdife 7531, 7.77 une
L J aml 3 q.‘ 4’ - - - W
5.19 muddu Falnddvedud i Idvond wou14fe.c = 75.28%, H=7.25%, N = 5.17% auddy

13 - ] ol E g o
mawTon lumgaanunusensSudoufaonyioones  (Eserification) 4 man
umm‘luﬁﬁ'ﬁ]"Jhn'jﬂq!:l‘|nTumqﬂummwanmi‘u'lﬁmu{ﬂwnwﬁwmj'luﬁiﬂﬂia 2 1] Fadhuvaamyil
uBdAN (Phenolic Group) Y Iisremnsneenuuy Tuanavind AseusamesSfindutuniananlsd (Acid
Chioride) Tuanmazuald sinmsesnuuuTuana Taoms1¥luona lawedifhumsasdingisniyla
uedanaolsd (Diacid Chioride) MwdnnidnTanTuafiviiu uareglugnizuesmsazatwiions o
mbhiledal§Asmiuiimfladduiaseweslaueiia: laundn ud 1A luanmaamuusenandui

- - i ‘o o o =
imaeu Teannmjilanduemmed dwaaslugli 16
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5141 17. FTIR Spectra 404 (a) laesd 1 (b) @15 4 1z () 113 5.
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lawed 1 Wnd 3251 em FudluRnveaiuss laTasoufidiuuuy ntermolecular Bonding uag
Afnfifatulugran iadaud 30002800 em’ Fuiufnvesiuselolasioufiiuuny inramolecular
Bonding uennniidaiifinnandnnilafinfi 1499 cm éummﬁ«amju‘nuﬁ‘ﬁlﬁﬁ"uruuu'umu&u'fﬁﬁ Tri-
Substituted Benzene (3U 17(a)) o l¥laseRaaiududusaljito vl fisoneamesiilinsuvasms
1 wanduatn ziduveandaiun (s 4) samsSinseidae FTIR (U 170) nud ;s 4 uaasiin
Tmift 1737 em” Fufufinves c=0 iwemed uazfin 3251 em” Litsing edhalsAnwdin 3000-2800 cm”
fifhave Intramolecular Hydrogen Bonding 83n3131ng 84

midinsedeslsznou 4 Aaomaiia HNMR wuhmsdsenes 4 WRnveamjufiafud
uanAafuesiumisied d, i1 3.49 uaz 3.68 ppm g\iﬁ'ﬁlﬁu"i‘lﬂ'ﬂﬁ'iﬂﬁﬁ?ﬂ'llﬂﬂmﬂ'ﬁﬁlﬂ‘i"u
mﬁnfu1":|'Iaﬁmn?uﬂﬁnw;jﬁmnn'lﬂmn{ﬂuazﬁ'a wenInii o 3, 8.27 ppm uersdaTusmeua 4 &
mnsnduiiegludanafeudniuutadiihei wil uagaves lauedanas lsdezdninl ity
TameiaeaTuana

AN Matrix-assisted laser desorption jonization time-of-flight mass spectrometer (MALDI-TOF
Ms) fumadiafisaebfinmmnaemmn i imaiaaum iy duaamanliaamle deannmain
dndnidumsindsandesyiultmsoghgllosau Taoilifinsmndudiudes R 186 W
fmpudins 4 A Molecular ion (M) iy 864 il unlsnalddauilnsaadaveams 4
dszneudavlaweiaesTuonauaglanedanilaTuana Fawavoamsinneimsmsunididu
parilszneutunennfoaiy Tasaadenesets ¢ 7l 1dssylugilil o
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| (a)
(b)
500 600 700 _ 800 900 1000 1100 1200 1300 1400 1500

miz
UM 18. MALDI-TOF Mass spectra 483 (a) 717 4 1Az (b) 713 5,

samsmanesiuansliuiud s W lasenuemiududui nl§Asme: Wnandadumo s
s wiesmiswitaite lifumslssneyaauman sl dennzandoulunsdanziuds mmg
vosns i Idansiiumislsdunsshithaamon amﬂ&m111ﬂﬂ*:1n'{uu'swmmmﬁﬂﬁ"lﬂtﬁumaﬁ'a:
fiavius: 1aTas19uin Inamolecular bonding MiagmuluTassadiaveslamesesn’l1d ilidela
wedtnmlfninn laneda nalnmsialiiteeaiaiufinglsasenda vos lawedifvsdmudouiniy

nandnTusz Ay 40% sudafinanmunuiirenndasiunalnmafnl§aiondas ndnie mifa
#ulanod i Az Ty ade Sl bglidas a2 Bildthe 1) Faiman a3 lunsdivesnisifin
m13IEne W IYIA InY)

giels i doyniiddgfe nurenandulameiiinlfizosvlawedaludoulvms v
voalnsieRamiiu seiRal R miidaiden Wosdunsalszinnife) fawdnisain

msfnnlutusde i ldnhudadoulvmmiamalizneuaamau Fnhezegidimethia
Wuse 18 TA310U%iA Intramolecular Bonding FaagmuluTassadiaveslawnd manilsfidonldfens
wasudusalgason i adiguus WuTaswisinedumsmiavius laTasou msAmnisea
naaesld TwmAoyleasonled wihszvumlfidonziuuuy bidumsaza \oieifon wiefiionts

P [ =i
Heterogeneous System  Ufn3miiiaiu1alimslsznouveandafvia (s 5)

r
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ierhms 5 finou A hhmsdnneidae FTIR Ui 17 ) dsngi biifinvesm]leasen
FouaziuszazninluTnsnudulaTassuvean]leasendainanlawes Tusn  uaifnvesnjion
moFRATLA 1750 em (1A 11 "H-NMR spectrum szuatnafinvosfiafuiivafindivd 0, 3.49 ppm Ay
falnssadreitmnnasuealaned Fudeifnlfatonenamesifnduudnm lansendansanaveslaued
gl lumsiiisndulauedasumun wonanilindi 8, 827 ppm uamadaTusanuits 4 #uun

o A ! - W ¥ o - Py ey -
wuduiieglufanadeudoaiu uaniliisiud wilshiagaveslauedanas lsdszdminlfisomedny

o By i o ok &
witaluanavealawed vindoyaves FTIR uar 'H-NMR fiSsmanziud Tnsaadaveamsfiiaiuiu

vnziumslszneuraumu

lﬂaﬁa1:m11‘79‘-1"|n":u::H'inﬁﬁuﬁmm'uﬂmﬁmﬁnﬁmm:mjﬂﬁn {ﬁiﬂuwmq"lﬁuaiﬁ} Tu
'H-NMR spectrum 2214 11 a3 Wihuh maauiitooame i inshunatuinsaost o laas
endaveslamed  urstnlsinudoyaillimaisuanaddifufumizoiidlulnssadovesns s
winfuiiszneudonitaTwanaves laieidunila Tmanavedlaneda Fnfusnmoniaefigly
TassnhrsadeaiiminaaeiaTaold MALDIFTOF MS FummsdniiminTuanavosmsiId Taovingild
18 (b) e Wi Tiinfinues molecular fon tos 1 Anminfuuaz ity 994 indeyaid Wiu
fiens s # Ideuensisznosaum sz neudasres Tuiagave < lawesfudeslmanaveslauedn
unfw"|n'ﬁ'ﬂ’faqm"|nmﬁm1wﬁmnqﬁlﬁumﬁﬂs:ﬂnuwm! 5 wiihudoyail 1¥8ubuTnsaadavesms
5 TutluTnseardraraunaueiin [2+42] Ao

duimidanailumaeSsumassnoama TaodfAsenenmediiinduluanaz e
umiiudus alffsomut ssndndasiii idaeiifssiadsuehnuvusnnangsia (2+2) dafu
T lhiFasoneameiiinduvesmslawed 2 iar 3 wunldmnliznen 6 uaz 7 mwdwudaiiu
mstsznouramauvualueiaiia [2+2] iAo

dmiunamsinsimsinioAiunie i

15 4: 40 % yield; mp = 208°C; FTIR (KBr, cm' ): 3000-2800 (br, OH), 1737 (s, C=0), 1499 (vs,
dimer); '"H NMR (200 MHz, CDCL,, ppm): S‘H 1.1 (4H, m, CH,), 1.20 (12H, m, CH,-CH-Ar), 1.70 (16H, m,
CH,), 2.18 (2H, m, CH), 2.70 (8H, m, CH,-CH;-Ar), 3.49 (4H, s, A=-CH,-N), 3.68 (4H, s, Ar-CH,-N), 6.64
(2H, d, Ar-H, J, = 8.19 Hz), 6.78 (2H, s, Ar-H), 6.95 (2H, d, Ar-H, J, = 8.19 Hz), 7.08 (2H, d, Ar-H, J,= 8.22
Hz), 7.18 (2H, d, Ar-H, J,= 8.22 Hz), 7.25 (2H, 5, Ar-H), 8.28 (4H, 5, CO-Ar-CO). MALDI-TOF MS (m/z):
864. Anal. Caled. for C, H,N. O, C,77.78H, 7.87; and N, 3.24. Found: C, 77.82; H, 7.86and N, 3.21.

13.5: 85% yield; mp= 215°C; FTIR (KBr, cm ' ): 1737 (s, C=0), 1499 (vs, dimer); 'H NMR (200
MHz, CDCL, ppm): O, 1.1 (4H, m, CH,), 1.26 (12H, t, CH,-CH,-Ar, J, = 7.86 Hz), 1.45 (8H, m, CH,), 1.82
(8H, m, CH,), 2.18 (2H, m, CH), 2.67 (8H, g, CH,-CH-Ar, J, = 7.86 Hz), 3.49 (8H, 5, Ar-CH,-N), 6.95 (4H, d,
Ar-H, J,= 8.17 Hz), 7.08 (4H, d, Ar-H, J,= 8.17 Hz), 7.55 (4H, s, Ar-H), 8.28 (8H, 5, CO-Ar-CO). MALDI-
TOF MS (m/z): 994. Anal. Caled. for C,H, N,O,: C, 77.26; H, 7.04; and N, 2.82. Found: C, 77.31; H, 7.01;
and N, 2.85.
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113 6: 80% yield; mp = 240°C; FTIR (KBr, em): 1738 (s, C=0), 1492 (vs, dimer); 'H NMR (200
MHz, CDCL,, ppm): O, 0.87 (6H, t, CH;-CH,-CH,'N, J, = 7.2 Hz), 1.45 (4H, m, CH,-CH,-CH,-N), 2.45 (12H,
s, CH,-Ar), 2.30 (4H, t, CH,-CH,-CH,"N, J, = 6.79 Hz), 3.43 (8H, s, Ar-CH,'N), 6.95 (4H, d, Ar-H, J, = 8.17
Hz), 7.05 (4H, d, Ar-H, J, = 8.17 Hz), 7.52 (4H, s, Ar-H), 8.26 (8H, 5, CO-Ar-CO). MALDI-TOF MS (m/z):
858. Anal. Caled. for CHN,0.: C, 75.52; H, 6.29; and N, 3.26. Found: C, 75.48; H, 6.32; and N, 3.28,

13 7: 85% yield; mp = 270°C; FTIR (KBr, em"): 1734 (s, C=0), 1494 (vs, dimer); 'H NMR (200
MHz, CDCI,, ppm): O,, 1.1 (4H, m, CH,), 1.45 (8H, m, CH,), 1.82 (8, m, CH,), 2.22 (2H, m, CH), 2.39 (12H,
s, CH,-Ar), 3.51 (8H, 5, Ar-CH-N), 6.95 (4H, d, Ar-H, J, = £.16 Hz), 7.05 (4H, d, Ar-H, J, = 8.16 Hz), 7.50
(4H, s, Ar-H), 8.31 (8H, s, CO-Ar-CO). MALDI-TOF M5 (m/z): 938. Anal. Caled. for C,HN,0,: C, 76.76,
H, 6.61; and N, 2.99. Found: C, 76.73; H, 6.59; and N, 2.31,
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™13 10: 80% yield; R, = 0.0 (5% MeOH in CHCL); mp = 185°C; FTIR (KBr, em): 1504 (vs,
trisubstituted benzenc), 1253 (vs, C-N stretching), 1140 (s, C-0-C). '"H NMR (200 MHz, CDCl,, ppm): EH 2.20
(6H, s, N-CH,), 2.27.(12H, 5, Ar-CH.), 3.59 (8H, s, N-CH,), 3.85 (8H,1, CH -0), 4.02 (8H, t, CH,-0), 6.69 (4H,
d, Ar-H), 6.95 (4H, d, Ar-H), 7.20 (4H, s, Ar-H). MALDI-TOF MS: m/z= 682, Anal. caled. for C, H, N.O: C,
73.90; H, 7.91; N, 4.11. Found: C, 73.86; H, 7.93; N, 4.07.

M3 11: 75% yield; R, = 0.0 (5% MeOH in CHCL); mp = 186°C; FTIR (KBr, cm'); 1503 (vs,
trisubstituted benzene); 1248(vs, C-N stretehing); 1133 (s, C-0=C) '"HNMR (200 MHz, CDCl,, ppm): 6“ 1.20
(12H, t, Ar-CH,-CH,), 2.22 (6H, 5, N-CH}), 2.58 (8 H, q, Ar-CH,-CH,), 3.65(8H, s, N-CH,), 3.89 (8H, 1, CH-
0), 4.05.(8H, 1, CH,-0), 6.72 (4H, d, Ar-H), 6.98 (4H, d, Ar-H}, 7.25 (4H, 5, Ar-H). MALDI-TOF MS: m/z =
738. Anal. caled. for CH, N0, C, 74:80; H,8:40; N, 3.79. Found: C,74.78; H, 839, N, 3.81.
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e d f g
10
Position Chemical Shift / ppm
21 21-Na' complex 21-K" complex 21-Cs’ complex
a 227 232 232 2.30
b 221 225 225 225
[ 3.60 378 3.78 .78
d 3.87 385 3.78 3.78
e 4.05 398 3.98 4.01
f 6.95 1.02 —T.UZ 7.01
g 6.70 6.68 6.68 6.68
h .21 715 7.18 7.18




28

- e w - = =
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CH4CH; o 0 CHzCH;
a b
d
HaC— —CHs
c

CH3CH2 DUD \__/ CHaCH;
f e g h
1
Position Chemical shift / ppm
22 22-Na’ complex 22-K" complex 22-Cs’ complex
a 1.21 115 1.15 1.16
b 2.58 252 2.52 2.52
c 222 2.44 2.42 2.37
d 3.65 4.15 4,18 392
e 3.89 3.69 3.69 3.75
f - 4.05 3.91 3.91 3.92
g 6.72 6.68 6.68 6.69
h 6.98 71 7.1 T.08
i 7.25 7.21 7.21 7.21
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Abstract

A series of benzoxazine dimers (1-9), esterified benzoxazine dimers (10-18), and benzoxazine dimer based macrocyclic
derivatives (19-22) are prepared, The metal ion guest résponsive properties of the benzoxazine dimers obtained are clarified
by using Pedersen's technique. The ion extractions of the benzoxazine dimers are controlled by the bulkiness of the func-
tional group at the aza position. The ones with cyclohexyl bulky groups at the aza position, 7-9, are two times higher than
those with methy] groups, 1-3, The extractions arg close to 100% for esterified dimers (10-18). For the macrocyclic derived
dimers, the ether cyclic derivatives, 21-22, interact with sodium, potassium and cesium ions at stoichiometric ratios 2:1 and

1:1 depending on the metal species, as evidenced from 'H-NMR.

6o

Pseudocyclic / Cyclic

Calixarenes

Schame I,

Introduction

For the past three decades, host—guest compounds or inclu-
sion compounds have received much attention mainly due to
the information obtained from interactions at the molecular
level [1-2] observed by a variety of characterization tech-
nigues, The induced molecular recognition properties are
known to be based on non-covalent interactions, or second-
ary forces, such as van der Waals, dipole—dipole interaction,
a-m stacking, and hydrogen bonding between host and
guest [1-3]. Many of the host molecules were designed
either with specific functional groups to form molecular
assemblies or definite macrocyclic structures, in order to
achieve novel functional supramolecules.

Polybenzoxazine is a new type of phenolic resin with
superb mechanical and thermal properties [4]. Most of the
studies on these materials have concentrated on difunctional
benzoxazines with the objective of improving the processing

* Supplementary data relating to this article are deposited with the
British Library as Supplementary Publication No. 82305 (1 page).
** Author for correspondence, E-mail: csuwabun@chula.ac.th,

conditions of thermosetting materials, In our studies of
open-ring benzoxazines [5], we originally proposed that
the basic unit is close to that of calixarenes but with an
aza methylene linkage in between (Scheme I). Hence, the
open-ring benzoxazines can be expected to have properties
similar to that of calixarenes. In order to clarify whether
the open-ring benzoxazines show inclusion properties and to
understand the phenomena related to the structure, a series
of the controlled structure benzoxazines dimers were pre-
pared [6-7]. High yield (80%) was obtained from a single
step ring opening reaction of benzoxazine monomer. We
also extended the work to the [2+2] macrocyclic dimers via
esterification and etherification [7-10].

The benzoxazine dimer is an appropriate model to use
since there is’ no ‘complication due to the chain length.
Moreover, a series of derivatives can be prepared which
enables systematic studies to be done on the inclusion prop-
erties related to the chemical structure. The present article
is aimed at exploring host—guest interactions of benzoxazine
on the basis of the interaction between aza methylenephenol
unit and metal ions.

Experimental
Materials

Barium chloride, lithium hydroxide and deuterated chlo-
roform (CDCly) were purchased from Fluka Chemicals
(Buchs, Switzerland). Sodium hydroxide, cesium carbon-
ate, potassium hydroxide, chloroform, magnesium chloride,
calcium chloride, and picric acid were the products of Ajax



smicals (Australia). All chemicals were analytical grade
1 used without further purification.

ntheses

series of benzoxazine dimers; N N-bis(3,5-dimethyl-
aydroxybenzylymethylamine 1, N.N-bis(5-methyl-2-hy-
oxybenzyl)methylamine 2, N N-bis(5-ethyl-2-hydroxy-
nzyl)methylamine 3, N.N-bis(3,5-dimethyl-2-hydroxy-
nzyl)propylamine 4, N,N-bis(5-methyl-2-hydroxybenzyl)
opylamine 5, N.N-bis(5-ethyl-2-hydroxybenzyljpropyl-
nine 6, NN-bis(3,5-dimethyl-2-hydroxybenzylcyclo-
mylamine 7, NN-bis(5-methyl-2-hydroxybenzyl)cyclo-
sylamine 8, N N-bis(5-ethyl-2-hydroxybenzyl)eyclo-
sxylamine 9, were prepared as reported elsewhere [6-T]
1d used as starting materials {Scheme II).

reparation of

" N-bis{ 2-benzoyl-3, 5-dimethylbenzylmethylamine 10,

" N-bis(2-benzoyl-5-methylbenzylJmethylamine LI,

I N-bis(2-benzoyl-5-ethylbenzyl) methylamine 12,

I N-bis{ 2-benzoyi-3,5-dimethylbenzgyl)propylamine 13,

I, N-bis( 2-benzoyl-5-dimethylbenzyl)propylamine I4,

I N-bis(2-benzoyl-5-ethylbenzyl) propylamine 15,
J,N-bis(2-benzoyl-3,5-dimethylbenzyl jeyclohexylamine 16,
V,N-bis( 2-benzoyl-5-ethylbenzyl)evelohexylamine 17,
V,N-bis(2-benzoyl-5-ethylbenzyl) eyelohexylamine 18

Jenzoxazine dimer 1 (5 mmol) was dissolved in dichloro-
nethane (50 mL) followed by the addition of NaOH (20
nmol) in water {50 mL). The mixture was stirred vigorously
at room temperature for 30 min and a solution_of benzoyl
zhloride (10 mmol) in dichloromethane (CH2Clz, 50 mL})
was added dropwise for 1 h. The reaction was allowed to
proceed at room temperature for 6 h. The CH:Cl: phase
was collected and extracted with water several times. The
product was dried over sodium sulfate and the solvent re-
moved to obtain a white product-of 10.-Similarly, 1i-18
were prepared as for 10 with the starting materials 2-9,
respectively. The products obtained were characterized by
FTIR, 'H NMR, and EA.

Compound 10: 95% yield; clear and colorless crystal;
mp. 158-159 °C; FTIR (KBr, em™'): 1737(vs, C=0), 1484
(s, tetrasubstituted benzenej, 1265 (vs, C-N stretching). 'H
NMR (200 MHz, CDCls, ppm): dy 2.05 (3H, s, N-CH3),
2.15 (6H, s, Ar-CH3), 2.30 (6H, s, Ar—CHaz), 3.35 (4H, s,
Ar-CHz=N), 6,98 (2H, 5, Ar-H), 7.05 (2H, 5, Ar-H); 7.45
(4H, t, Ar-H), 7.62 (2H, t,” Ar-H), 8.20 (4H, d, Ar=H).
Anal. caled for CasH3aNOy: €, 78.11; H, 6.51; and N, 2.76,
Found: C, 77.99; H, 6.54; and N, 2.78.

Compound 11: 95% yield; clear and colorless crystal;
mp.151-152 °C; FTIR (KBr, cm™'): 1738 (vs, C=0), 1499
(s, trisubsubstited benzene), 1266 (vs, C-N stretching). 'H
NMR (200 MHz, CDCls, ppm): éy 2.05 (3H, s, N-CHzs),
2.30 (6H, s, Ar—CH3), 3.45 (4H, s, Ar-CH;-N), 6.98 (2H,
d, Ar-H), 7.05 (2H, s, Ar=H), 7.10 (2H, d, Ar-H), 7.45 (4H,
t, Ar-H), 7.62 (2H, t, Ar=H), 8.20 (4H, d, Ar-H). Anal. calcd
for C31HaeNO4: C, 77.66; H, 6.05; and N, 2.92. Found: C,
77.71; H, 6.12; and N, 2.89.
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Compound 12: 95% yield; clear and colorless crystal;
mp. 153-154 °C; FTIR (KBr, cm~'): 1738 (vs, C=0), 1498
(s, trisubsubstited benzene), 1264 (vs, C-N stretching). H
NMR (200 MHz, CDCl3, ppm): &4 1.25 (6H. t, Ar-CH3z-
CHa), 2.05 (3H, s, N-CHa), 2.65 (4H, g, Ar-CH3~-CH3),
3.45 (4H, s, Ar-CH3z-N), 6,98 (2H, d. Ar-H), 7.05 (2H, s,
Ar-H), 7.10 (2H, d, Ar-H), 7.45 (4H, 1, Ar-H), 7.62 (2H, 1,
Ar-H), 8.20 (4H, d, Ar-H), Anal. caled for C33H33NO4: C,
T78.11; H, 6.51; and N, 2.76. Found: C, 78.12; H, 6.48: and
M, 2.73.

Compound 13: 95% yield; clear and colorless crystal;
mp. 161-162 °C; FTIR (KBr, cm™'): 1734 (vs, C=0), 1498
{m, tetrasubstituted benzene), 1264 (s, C-N stretching). 'H
NMR (200 MHz, CDCls, ppm): dy 0.75 (3H, t, N=CH;~
CHs-CHj3), 1.45 (2H, m, N-CH;-CH3-CH3), 2.10 (6H,
s, Ar-CH3), 2.22 (6H, s, Ar-CH3), 2.35 (2H, 1, N-CH;-
CHy-CHas), 3.45 (4H, s, Ar-CH;-N}, 6.98 (2H, d, Ar-H),
.05 (2H, s, Ar-H), 7.10 (2H, d, Ar-H), 7.45 (4H, 1, Ar-
H), 7.62 {2H, 1, Ar-H), 8.20 (4H, d, Ar-H). Anal. caled
for CasHayNOy4: C, 78.50; H, 6.92; and N, 2.62. Found: C,
T8.48; H, 6.87; and N, 2.635.

Compound 14: 95% yield; clear and colorless crystal;
mp. 154-155 °C; FTIR (KBr, cm™'): 1737 (vs, C=0 of
ester), 1497 (m, trisubstituted benzene), 1268 (vs, C-N
stretching). 'H NMR (200 MHz, CDCl3, ppm): 8y 0.75 (3H,
t, N-CH;—CH3:—CH3), 1.45 (2H, m, N-CH;-CH3-CHs3),
2.18 (6H, 5, Ar—CH3), 2.35 (2H, 1, N~CH3-CH3-CH3), 3.43
{4H, 5, Ar—-CH»-N), 6.98 (2H, d, Ar-H), 7.05 (2H, 5, Ar-H),
7.10 (2H, d, ArH), 7.45 (4H, 1, Ar-H), 7.62 (2H, t, Ar-H),
8.20 (4H, d, Ar—H). Anal. caled for C13H43NOg: C, 78.11;
H, 6.51; and N, 2.76. Found: C, 78.07; H, 6.46; and N, 2.78.

Compound 15: 95% yield; clear and colorless crystal;
mp. 158-159 °C; FTIR (KBr, em~'): 1734 (vs, C=0),
1497 (m, trisubstituted benzene), 1267 (vs, C-N stretching).
'H NMR (200 MHz, CDCl, ppm): 8y 0.75 (3H, t, N-
CH;-CH3-CHs), 1.25 (6H, t, Ar-CH3;-CHa), 1.45 (2H, m,
MN-CH,-CH>-CHs), 2.35 (2H, t, N-CH3-CH;-CHj3), 2.65
{4H, q, A—CH:-CHa), 3.45 (4H, s, Ar-CHz-N), 6.98 (2H,
d, Ar-H), 7.05(2H, s, Ar-H), 7.10 (2H, d, Ar-H), 7.45 (4H,
t, Ar-H), 7.62 (2H, t, Ar—H), 8.20 (4H, d. Ar-H). Anal. calcd
for C3sH3NOy: C, 78.50; H, 6.92; and N, 2.62. Found: C,
78.53; H, 6.90; and N, 2.59.

Compound 16: 95% yield: clear and colorless erystal;
mp. 171=172°C; FPIR (KBr, cm~'): 1731 (vs, C=0), 1482
(s, tetrasubstituted benzene), 1265 (vs, C-N stretching). 'H
NMR (200 MHz, CDCls, ppm): &y 1.1 (4H, m, CH2), 1.60
(2H, m;"CH,), 1.82 (4H, dt, CH3), 2.05 (3H, s, N-CHj3),
2.15 (6H, 5, Ar-CHz), 2,60 (1H, v, CH), 3.35 (4H, 5, Ar-
CH;-N), 6.98 (2H, 5, Ar-H); 7.05 (2H, 5, Ar-H), 7.45 (4H,
t, Ar-H), 7.62 (2H, t, Ar-H), 8,20 (4H, d, Ar-H). Anal. caled
for CagHayNOy: C, 79.30; H, 7.13; and N, 2.43, Found: C,
79.28: H,7.11; and N, 2.47.

Compound 17: 95% yield; clear and colorless crystal;
mp. 163-164 °C; FTIR (KBr, cm~'): 1738 (vs, C=0), 1497
(m, trisubstituted benzene), 1267 (vs, C-N stretching). 'H
NMR (200 MHz, CDCl3, ppm): 8y 1.1 (4H, m, CH3), 1.60
(2H, m, CHz), 1.82 (4H, dt, CHz), 2.40 (6H, s, Ar—CHa),
2.50 (1H, 1, CH), 3.55 (4H, 5, Ar—CHz-N), 6.98 (2H, d, Ar-
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Hj, 7.05 (2H, 5, Ar-H), 7210 (2H, d, Ar-H), 745 {4H, 1,
Ar=H), 7.62 (2H, 1, Ar-H), 8.20 (4H. d. Ar-H). Anal. calcd
for CigHi7NQy: C, 78.98; H, 6.76; and N, 2.56. Found: C,
TE.88: H, 6.78; and N, 2.55.

Compound 18: 95% yield; ¢lear and colotless crystal;
mp. 166-167 °C; FTIR (KBr, cm™1): 1737 (vs, C=0), 1498
(m, trisubstituted benzene), 1267 (vs, C=N stretching). H
NMR (200 MHz, CDCla, ppm): dy 1.1 (4H, m, CHz), 1.25
(6H. 1. Ar-CH>-CHa3), 1.45 (2H, m, N-CH2~-CH32-CHj3),
1.60(2H, m, CH3), 1.82 (4H, dt, CH2), 2.35(2H, 1, N-CH»-
CH2-CHj), 2.50 (IH, t, CH), 2.65 (4H, q, Ar-CH2-CH3),
3.55 (4H, s, Ar—CH2-N), 6.98 (2H, d, Ar-H), 7.05 (2H, s,
Ar=Hjy, 7.10 (2H, d, Ar-H), 7.45 (4H, 1. Ar-H), 7.62 (2H, 1,
Ar-H), 8.20 (4H, d, Ar-H). Anal. caled for CiHg NOg4: C,
79.30; H, 7.13; and N. 2.43. Found: C, 79.27; H, 7.15; and
N, 2.44,

Preparation of cyclic bepzoxazines

Benzoxazine dimers based cyche¢ esters, 19-20, were pre-
pared asreported elsewhere | 7-9] while bencoxazine dimers
based cycligethers, 21-22 werereporied previously [9-10].

lon extraction property of benzoate benzoxazine dimers

lon extraction was qualitatively and quantatively analyzed
by Pedersen’s technique |1]. Benzoxazine derivatives (1-
22) were dissolved in chloroform at 7 % 107%, 7 x 1072,
38 % 1073, 7% 107", and 3.8 x 107" M. Alkali and al-
kaline earth metal picrate aqueous solutions were prepared
at 7 x 10~° M. Both solutions were mixed and left for 10
min before determining the concentration of metal picrates,
The concentration was determined using a UV-Vis Perkin-
Elmer Lambda- 16 Spectrophotometer al gy, 354 nm (€ =
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1.45 »x 10* M~ em™ "), For cyclic derivatives, the organic
phase was collected and further studied for the hosi—guest
ratio by a '"H NMR ACF 200 MHz of Bruker, Switzerland,
using deuterated chloroform as a solvent with'a tmce amount
of tetramethylsilane (TMS).

Resulis and discussion
lon extraction

Figure | summarizes the ion extraction of 1-3. The host
molecules have different substituents at the ertho and para
positions, while the substituted groups at the nilrogen is
the methyl group. When the concentration of 1-3 increases,
the exiraction of potassium ion increases graduaily. Al
equimolar concentration of host and guest (7 = 107" M),
the extraction is ~10%. When the concentration of Host is
increased to 7 x 1077 M, the extraction accomplished for
~40-50%. Hampton er al. | 1] teporied.ihal 4 serics ol
hexahomotriazacalix[3]arenes gave ion extraction perceni-
ages of less than 0.2% at host and metal picrale concen-
trations of 5 x 1077 M, owing ta strong intramolecular
hydrogen bonding. Recently, our group [7, 12-13] reporied
a unique inter and intramolecular hydrogen bonded network
with the dimers using X-ray structural analysis. The. in-
tramolecular hydrogen bond generates a six-membered ring
[13-14] via O-H-N and is found to be oneof the key factors
that provides the asymmeltric reaction inevitably [ 13].

Thus, it is-conceivablesthat intramolecular hydrogen
bonding might ‘play ‘an impertant role for 1-9. Figure |
also demonstrates that the ion extraction ability of dimers is
achieved for only 20-40% even the host concentration was
1000 times {7 % 1072 M} higher than that of picrate (7 x 10-3
M). Here, we speculate that the host-guest formation might
form a molecular assembly controlled by hydrogen bonding.
Here, 1 with two methyl substituted groups at both ortho
and para positions might form a loosely assembled structure
owing to the steric effect, and consequently, there may be
more available space to include the guests.

Sone er al. [15] reported that inclusion compounds
of phenol-formaldehyde oligomers is enhanced when the
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phenol unit has a bulky group al the para posilion as ob-
served that the guest was separated [rom water phase via the
function af ohgomers. It is, therelore, reasonable 10 expect
that 3. which has more bulky group than 2, shows a higher
ion extraction percentage (Figure 1), The electron density of
host molecules is another important factor to be considered
except the bulkiness of side groups. In terms of the electron
donating ability. the order is 1 = 3 = 2. This directly cor-
relates with the jon extraction percentage. Similarly, it was
found that other alkali and alkaline earth metal ions (lithium,
sodium, magnesium, calcium, and barium) gave an increase
inion extraction percentage with increasing concentration of
1-3.

Effect of substituent groups on the aza methviene linkage

Chirachanchai er al. [12-13] deteromned the crysial struc-
tures of a series of benzoxazine dimers and Tound tha the
hydrogen bonding network and the vanation of vnin cell are
both dependent an the substituied group at the aza linkage.
Solid-state NME siudies wsing dimer crystals by Schnell
et al. [16] supported the idea of hydrogen bonded network
formation of dimers.

In order to identily the effect ol substituent groups on the
aza linkage in ion interaction, a series of dimers (4-9) were
studied. As shown in Figure 2. the ion extraction percent-
age increased graduallytwhen the functional groups changed
from methyl to propy! and cyelohexyl groups. Compounds
4-6, (propyl group on aza linkagel show higher extraction
ability than those of 1=3. In dddition) the dimers 7-9. with
cyclohexyl group. show sigmlicam-extraction percentages
up 1o 70-80%. This suggests that the bulky groups on the aza
linkage enhance the ion extraction ability. Comparing 4 with
S5and 7 with 8, it can be concluded that the substituent group
on the aza linkage is more important than any other sub-
stituent group in benzoxazine dimers, The extraction ability
becomes most significant when both para-substituted groups
in phenol and aza umits are bulky ()
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mmetrical preducts of benzoxazine dimers by
terification

a previous study, it was reported that the iniramolecular
sdrogen bond between ~OH and —N- generated in each
mer is 50 strong that asymmetric products were formed due
i the Mannich reaction [13]. In the present study, an attempt
» obtain symmetric esters was carried out by using a strong
ase to deprotonate the hydroxy] group and eliminate the in-
amolecular hydrogen bond between the aza group and the
'H of the phenol ring. Compounds 10-18 (Scheme IT) were

uccessfully obtained and confirmed by FTIR, 'H-NMR and
lemental analysis.

iffect of ester group on phenol unit

\ series of compounds, 10-18, should provide us inform-
ition on how the ion extraction ability changes when the
wdrogen bonded network of the dimer is eliminated. Fig-
are 3 clearly shows that the esterified dimers 10-12 give a
wo-fold increase in extraction percentage over those of 1-
3. Almost all of the potassium picrate (~100%) is extracted
by 10-12 at a concentration of 7 3 10~ M. The results sug-
gest that the elimination of hydrogen bonds together with an
increase in lone pair electrons produces a strong interaction
with metal ions,

Figure 4 shows that the extraction ability of each es-
terified dimer 10-18 is ~100%. In other words, the effect
of esterification is strong and overcomes that of substituent
groups at either the aza or phenol positions.

Speculated ion interaction system

Figures 1—4 show that the ion extraction percentages are in
the 30-95% range. In other words, the nearly guantitative
extraction proceeds when the concentrations of dimers are
higher than those of the metal ions by a factor of 1000. Al-
though the ion extraction ability is clarified, selectivity is
rarely observed,

Yamagishi et al. [17-18] reported that the metal
ion extraction accomplished by acyclic all-ortho p-rerr-
butylphenol-formaldehyde was ~10-80% when the concen-
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Figure 5. Extraction percentage of (O) sodium picrute, () potissium
picrate, and (B} cesium picrate at a concemrndion of T = 109 M by 19-22
in CHCly at 25 °C.

tration of host was 1000 times higher than that of the guest.
The proposed hosi-guest formation was expected o be a
pseudo-cyclic molecular assembly. In our case, we specu-
lated that the molecular assembly between metal ions and
benzoxazine dimers may form and be influenced by (i) the
bulky group at nitrogen, (ii) the hydrogen bonding network,
and (iii) the lone electron pairs.

Staichiometry of ion interaction of benzoxazine dimer based
cyelic compounds

Figure 5 shows the extraction percentages of sodium, po-
tassium, and cesium ions using benzoxazine dimer based
macrocyclic esters (19-20) and macrocyclic ethers (21-
22) determined by Pedersen’s technique [1] at equimolar
concentration of host and metal species. The metal ion ex-
traction percentages for 19-20 are difficult to observe while
those for 21-22 are significant (Figure 5).

Here, the important information is that the extraction
percentage for each of 21-22 is either 50 or 100%, which
implies a molar ratio basis in integral numbers are 2:1 and
1:1. Thus, the host-guest formations are in stoichiometric
ratio,



Table I. "H NMR data of 21 and 21-metal ion complexes

LTSN
CH; o o (1] CHy
a
1
HyC—N N=—CHy
b
CHy o ] o CHy
= T e
e d f a
1
Position Chemical Shift/ppm
21 -Mat 21KY 2O

complex  complex  complex
e 2 a2l 232 230
b 221 225 225 225
€ 360 3T 378 3.78
d 3BT LES 378 e
e 405 398 198 4101
L 695 .02 .02 .00
£ 670 6.68 6.68 6.68
I 72 715 118 718

Further, '"H NMR was applied to qualitatively and quant-
itatively study the host—guest ratio [19]. Since our studies
were achieved using a liquid-liquid extraction system with
picrate salt, the picrate peak at 8.8 ppm would be observed
if host-metal complexes formed. In addition, the peak shifts
indicate the changes of electron density in the host structure.
Tables 1 and 2 clarify that 8y values of 21-22 are shifted
after extraction with picrate salts, especially the ones be-
longing to the methylene linkage and diethylene oxide unit,
This implies that the host interacts with the metal guest via
the lone pair electrons of nitrogen and oxygen atoms. It is
important to note that even the type of metal ion changed:
the chemical shifts for hosts (either 21 or 22) appear al nearly
the same position. This implies that the inclusion structure
does not depend on the type of metal ion for both hosts (21
and 22),

To evaluate the molar ratio of host-guest, the peaks of
picrate and aromatic protons were investigated, Compound
21 showed host—guest fatio of 2:1 for all studied-ions while
22 has a ratio\of 1:1 for Nat and K*, and 2:1 for Cs*
(Figures 6-7). This indicates that the macrocyclic struc-
ture affects the host-metal formation significantly. In other
words, 22 with more bulky group in the para position might
preferentially form 1:1 type, It was unexpected that 19 and
20 did not show any ion extraction ability. It is speculated
that the unpreferable cavity in the host compound could be
the reason for the lack of extraction ability; future studies are
being carried oul to investigate this hypothesis.

Table 2, 'H NMR datn of 22 and 22-metl ion complexes

LW A
g o o CHaCHy

d
HyC— N—=CHy
¢ i .
i
CHyCH3 o o o@cmcu :

CHyCH
a I:-2

~.

e a h
22
Pasition Chemical Shill'ppm
22 2iMat 22Kt 22Gst
complex  complex  complex
u 1.21 115 115 .16
b 258 132 .52 2,52
E 212 4 242 2.37
d 165 4,15 4.18 192
g 189 369 .60 175
r 405 39 31,91 3,92
B 671 668 608 .60
h 698 7.1 7.11 T.08
i 7.25 T.21 7.21 T.21
(a)
ll. A
7 6 5 4 3 2 1 0
o/ ppm
(b) Ir
¥
5
I k H l_
9 B 7 6 5 4 3 2 1 0

6/ ppm

Fipire 6. THNMR specira al (a) 21 and (b) complex of 21 and cesium ion.
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Figure 7. 'H NMR spectra of (a) 22 and (b) complex of 22 and potassium
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Conclusions

Ion extraction studies using a series of benzoxazine di-
mers (1-9) and their esterified derivatives (10-18) verified
that the ion interaction ability was related to (i) the inter
and intramolecular hydrogen bond network (ii) the bulky
group at the aza position and (iii) the number of electron
lone pairs. A stoichiometric ratio between host-metal ions
was observed when benzoxazine dimers-were modified to
be cyclic compounds. Studies on macrocyelic types (19=
22) showed that ion interactions were involved with (i) the
preferable structure of eyelic molecules, and (ii) the size of
metal ions.
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