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ABSTRACT

Theeffect of the Na"ionon protonlongitudinal relaxationtimes(T,) of 18-
crown-6 ethersderivatives hasbeen investigated by *H-NMR spectroscopy
operating at 400 MHz. It wasfound that T, valuesfor all derivativeswere
decreased upon addition of Na'. The decrement was attributed to
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INTRODUCTION

For morethanthreedecades, macrocydlic polyethers
(crown ethers) have been synthesized and utilized in
akali andakali earth meta cation determinationsdue
totheir superior binding ability tothesemeta iong*12.

Macrocyclesdesign, synthesisand applicationfor
molecular recognition areof great interestinavariety
of fieldd**1¢, Remarkable recognition behaviour
between hosts and guests occurs arewidely used in
many chemical interactions involving enzymes,
antibodies, antigensand stereosel ective cata ysts.

Longitudind relaxationtime(T,) isasendtiveprobe
for investigating dynamic properties of organic
molecules™. Relaxationtime, T, studiescan provide
useful information about rapid molecular motionsona
time scalethat isfar shorter than that available with
conventional NMR techniques®®. The T, vauefor any
given liquid molecule reflects molecular mobility

(tumbling) and specificinternal motionsdetermined by
theinternal degree of freedom of the molecul €%,
Also, acomparisonof T, vauesfor agivenprotonina
free and complex crown ether givesinformation on
complexation*81217.2-8  And it is also possible to
compare T, valuesfor specific siteswithinamolecule
to understand changesin internal mobility that occurs
Sectively & particular location, thusgivinginformation
about molecular bindingin the complex(t317.21-23,

Here we report the H-NMR studies on
complexation of diaza18-crown-6 ethers 1-3for the
numbered protons (SCHEME 1). We have previousy
reported thecompl exation behaviour of thesediaza18-
crown-6 ethers with Na" ions by *H NMR and UV-
VIS titration method™. In the present work, the
complexation of thediaza18-crown-6 etherswith Na
ionswasstudied by comparingthe'H-NMR longitudina
relaxationtimes T, of thediaza 18-crown-6 ethersin
presence and absence of Na' ions.
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SCHEME 1: Thestructuresof thediaza 18-crown-6 ether derivatives1-3

TABLE 1. Relaxationtimes(T,) and relaxation timedrops (%) of protons(H,-Hfor 1-2and H -H  for 3) of themacrocyclics

upon complexation with NaClO, inaratioof 1:1in CD,CN

Ha H» Hs Ha Hs He
T1 T1 T1 T1 T, T,
T4(9) drop(%) T4(9) drop(%) T4(9) drop(%) T4(9) drop(%) T4(9) drop(%) T4(9) drop(%)

Freeligand 1 0.385 - 0.337 0.373 - - -
Nallig. (1) 0.291 244 0283 160 0283 225 - ;
Freeligand2 1.087 - 0.387 - 0.403 - - -
Na/lig. (1:1) 0.978 100 0.351 9.3 0.359 109 - - - -
Freeligand 3 0.452 - 0.485 - 0.487 0.357 - 0.391 0.399
Na/lig. (:1) 0350 226 0392 192 0393 193 0.327 8.4 0345 118 0.364 8.8

EXPERIMENTAL

Diaza 18-crown-6 ether derivatives 1-3 were
prepared as previously described®. The 'H NMR
spectra of the samples dissolved in CD,CN were
recorded on a Bruker 400 MHz spectrometer. The 5
mm tubeswere used and the samples were degassed
by at least threefreze-pump-thaw cyclesand then seded
under vacuum. T, was measured using conventional
inversion recovery pulsesequence of 180°-t-90°-FID,
wheretisvariablerecovering delay timeof ten different
valuesat 298 K. Thepre-pulsedelay was 15 sto make
surethe megneti zationwasfully equilibrated. T, values
were calculated by the instrument automatically.
Standard deviation of T, was less than 3%. The
concentrations of crown ethers were kept constant
(2.5x10°M) with an increasing concentration of the
added NaClO, (6.0x10°-1.2x10?M).

Therelaxationtimesfor thedifferent protonswere
measured for free 18-crown-6 ether solutionsand 18-
crown-6 ether sol utions contai ning increasi ng amount
of NaCIO,. However, only T, values of well-separated

peaks, i.e., H,-H, for 1 and 2 and H,-H, for 3, were
changed significantly by theaddition of theNa* ions.
TheT, vauesof thefreeligand andtheNa'/ligand (1:1)
complexesweredetermined. Also theeffectsof theNa
ion on the relaxation times T, are expressed as the
percentagesby whichtherelaxationtimesT, of thefree
crown ethers dropped upon complexation (T, drops

(%0)).
RESULTSAND DISCUSSION

Theeffect of theNa' ion on therelaxation times of
the protons H -H, of diaza 18-crown-6 ethers
derivativesareshownin TABLE 1.

TABLE 1 nicely demonstratesthat therelaxation
timesT, of thefreeligandsareshortened by theaddition
of Na* ions. However, significant drop in T, was
observed for the H, in macrocycles 1, 2 and 3 with
decrement of about 24%, 10% and 23%, respectively.
Thesametrend wasalso observed for H, and H,. The
finding are consistent with previous studies on
complexation of crown etherg*¢*. Theobserved T,
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changeswhich arethe sum of molecular tumbling and
gpecificinterna motionsbetween freecrown ethersand
1:1 complexes, strongly support theformation of the
complexation of crown etherswith theadded Na' ions
(13172123 Fyrthermore, the TABLE 1 also showsthat
thechangeinthereaxation timesof themacrocycles 1
and 3upon complexationwithNa' ionsismuch effective
than in the case of 2, which can be attributed to the
stronger complex formation of themacrocycles1 and
3 with Na* ions. Thisfinding implies that Na* ions
probably fit much better to the cavity of the diaza 8-
crown-6 ethers1 and 3thanto that of 2. For thisreason,
theintramolecular flexibility of the complexes1and 3
are much more reduced through Na* ion binding
(312172123 |n addition to this, the complexation of 1
with Na' ionsisstronger than that with 3, whichmay be
attributed to better fit of theNa' ionsto the cavity of 1.
Infact, the cavity Szeof crown ethersdoesnot change,
thusdl three crown ethersshould complex identica but
do not. Thismay beattributed to the number of phenyl
inthemacrocyclicring and theN-substituentsdetermine
thedifferences. Furthermore, formation of acomplex
results in an increase in overall molecular weight,
therefore, thecomplex should tumblemored owly than
thefree state. Such aslowed motion can also causea
decreaseinthe T, values®#. Onthe other hand, two
interactions, which are modulated by the reduced
motions, can be suggested for rel axation mechanismin
crown ethers: (1) inter-proton dipole-dipole
interaction?® and (2) theinteraction of proton dipole
and randomly changing magnetic fieldscreated at the
position of the proton by molecular currentsinduced
by variation of charge density inthecrown ether upon
the cation complexation®.

CONCLUSION

Themeasured rel axation timessupport that Na' ions
seem fit well in the diaza8-crown-6 ethers (1 and 3)
cavity than in the diaza 18-crown-6 ether 2. Upon
complexationwith Na, proton signals (H,-H,) of the
crown ethers undergo chemical shift changes*¥ and
indicate the interaction of the Na* ions with both
macroring and side arms. So the mobility of the
complexes 1 and 3 are reduced more than 2 through
Na* binding.
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