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3. 21O+ 3/4- 0o ts 326y +2-Vig

+15/2:0p+3 + & * (14)

In this case, the lattice parameters are decreased because
the interstitial oxygen are depleted and the ionic radius of
Zr is smaller than that of Yb, which are well fitted with
the results of X-ray diffraction. The equilibrium constant of
Eq. (14) can be expressed by

Ko={Zrn, 3 [Vig 2 [h * ¥+ Po,™ (15)

Then the electrical conductivity dependence on oxygen par-
tial pressure can be represented in terms of electronic hole
concentration

p=Ky'+Po," (16)

where Ki'=I;Y3-[Zry * 172 [Vy, 1772 So, the electrical
conductivity dependence on oxygen partial pressure {(./n)
is 1/4. This value agrees well with the experimental
value.

From this agreement, we can conclude that the effectively
negatively doubly charged oxygen interstitial and the effecti-
vely negatively triply charged metal vacancy are predominant
in low and high doping level, respectively and that the
charge carrier is electronic hole originated from the metal
vacancy in Yb,O; system. The fact that the conductivity de-
creases as the mole fraction of dopant increases as shown
in Figure 6 means that metal vacancy formed from equilib-
rium (14) moves the equilibrium (2} toward left-hand side.
Therefore, heavy Zr** substitution reduces the charge carrier
(electronic hole) concentration, so does electrical conducti-
vity.
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Syntheses and Phase-transfer Catalytic
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Preparative methods for and catalytic activities of monoaza-18-crown-6 or monoaza-15-crown-5 in the reaction of 1-
bromooctane with aqueous KI or Nal were investigated. Monoazacrown ethers were prepared by debenzylation of
N-benzylmonoazacrown ethers, obtained from the reaction of N-benzyldiethanolamine and ocligoethylene glycol ditosy-
late. The phase-transfer catalytic activity of N-benzylmonoazacrown ethers was higher than that of the corresponding

monoazacrown ethers.

Introduction

Since pioneering works by Pedersen' a large variety of
macrocyclic compounds have been prepared and their cation

complexation properties have been investigated extensively’.
The aza-crows have complexation properties that are inter-
mediate between those of the all-oxygen crowns, which
strongly complex alkali and alkaline earth matal ions, and



Monoazacrown Compounds

those of the all-nitrogen cyclams, which strongly complex
heavy-metal cations. These mixed complexation properties
make the aza-crowns interesting to researchers in many ares.

The aza-crowns are important intermediates for the syn-
thetis of cryptands (from di-aza-crown)**, nitrogen-pivot lariat
crown ethers®, and other species requiring one or two nitro-
gens in the macroring®’.

In addition, the aza-crowns have important uses as synthe-
tic receptors in molecular recognition processes® and, in
some cases, anion complexation properties that are similar
to those in certain biological system® . They have an en-
hanced complexing ability for ammonium salts'®** and for
transition-metal ions™" over the all-oxygen crown compou-
nds.

There are a number of interesting uses of aza-crowns as
catalysts in nucleophilic substitution and oxidation reac-
tions™!%, in the design of chromogenic reagents that are sen-
sitive to alkali and alkaline earth metal cations', and in the
chromatographic separation of metal cations".

This paper reports on the preparation of monoaza-18-
crown-6(1,4,7,10,13-pentaoxa-16-azacyclooctadecane) and mo-
noaza-15-crown-5(1,4,7,10-tetraoxa-13-azacyclopentadecane)
and their catalytic activity for the halogen exchange reaction
of n-octyl bromide with potassium- and sodium iodide.

Experimental

Materials. 1-Bromooctane, p-cymene were purified by
distillation under reduced pressure, and n-hexane were re-
fluxed and distilled over sodium wire. N,N-Dimethylform-
amide (DMF) was refluxed and distilled over calcium hyd-
ride under reduced pressure. Other reagent and solvents
were obtained commercially and used without further purifi-
cation,

Instruments. [R-spectra were taken using a Shimadzu
FT IR-4000 spectrophotometer and frequences are given in
reciprocal centimeter. '"H-NMR spectra were recorded on a
60 MHz instrument (JNM-PMX 60) using CDCl; as solvent
and tetramethylsilane as internal standard and chemical shi-
fts are expressed as units relative to tetramethylsilane.
Phase-transfer reactions were followed by GLC on a Shim-
adzu 4C-PT thermal conductivity instrument with a 2 m glass
column of Silicone GE SF-96 on chromeosorb W AW DMCS
at 170%.

Phase-transfer Reactions. Halogen exchange reac-
tions were studied at 90C. In a typical run a 100 mJ three-
necked flask was charged with 0.02 mol of the catalyst (based
on 1-bromooctane), 20 m/ of toluene, 0.1 mol of Nal or KI,
15 m! of water, and 0.5 g of p-cymene [internal standard
for gasliquid chromatography (GLC)]. The mixture was
stirred mechanically at 200 rpm for 1 h to condition the
catalyst. 1-Bromooctane (20 mmol) was added at time=zero,
the stirring speed was increased to 500-550 rpm, and samp-
les of the organic phase were analyzed periodically by GLC.

N-Benzyldiethanol Amine. In a 1/ four-necked flask
1.0 mol of diethanolamine and 76 g of potassium carbonate
were dissolved in DMF (300 m!). The stirred mixture was
heated at 50C and than benzyl chloride (1.0 mol, 1266 ¢
was added to the mixture over 3 h under nitrogen. After
the evolution of CO; was compiete the reaction was stopped.
DMF was evaporated, and the resulting viscous oil was di-

Bull. Korean Chem. Soc, Vol. 13, No. 3, 1992 253

stilled under reduced pressure, to give 1 in a 73% yield,
bp. 130-132°C/0.5-0.7 torr; IR (neat): 3400 (OH), 2890 c¢m™!
(NCH); 'H-NMR (CDCly): 8=257-2.73 (4H, m; NCH,CH,),
3.53-3.64 (4H, m; CH,CH,;0), 3.70 (2H, s; phCH,), 4.07 (2H,
s: OH), 7.33 (5H, s; CgHs).

N-Benzylbis (2-(2-hydroxyethoxy))ethyl Amine. Ben-
zyl amine (0.5 mol, 53.5 g), B-chroroethoxyethanol (1.5 mol,
187 @), sodium carbonate (2.0 mol, 212 g) and 500 m! of
xylene were added to a 1 !/ four-necked flask fitted with
a Dean-Stark trap, a mechanical stirrer, and a thermomether.
The mixture was stirred at 120C for 24h. The reaction was
continued at reflux temperature (150C) over 3 days on re-
moving produced water. After cooling, salts were separated
from the reaction mixture by filtration and washed with
ethanol, After evaporation of ethanol the residue was distil-
led under reduced pressure to give 2 in a 77% yield, bp.
172-178C/050.6 torr; IR (neat): 3400 (OH), 2900 (NCH.,),
1100 ¢cm™! (C-0-C); 'H-NMR (CDCl): §=2.70-2.87 (4H, m:
NCH,CH,), 3.63 (12H, s; CH.CH;0O-CH>), 3.80 (2H, s; phCH>),
437 (2H, s; OH), 740 (5H, s; CsH;).

General Procedure for the Preparation of Oligo-
ethyleneglycol Ditosylate!®. The glycol (0.5 mol) was
dissolved in pyridine (120 mf)-benzene (150 m{) solution and
p-toluenesulphonyl chloride (211 g, 1.1 mol) added portion-
wise over 2 h as powder to the stirred and ice-cooled solu-
tion. Stirring and cooling was then continued for another
4 h. The mixture was left overnight, then precipitated ditosy-
late was filtered off and washed on the filter with toluene
(100 mf) and water (200 mf). Recrystallization from ethanol
(300 mJ) gave the pure ditosylate,

Since tetraethyleneglycol ditosylate was liquid, it was iso-
lated in a different manner. After the reaction mixture had
been poured on 400 g of ice, the solution was made acidic
with conc. hydrochloric acid (200 md) and extracted with
chloroform. The organic layer was washed with sodium car-
bonate solution and then with water and dried over magne-
sium sulphate. After evaporation of chloroform at reduced
pressure an oil was analyzed.

Diethyleneglycol ditosylate (yvield 91%); IR: 1360, 1180
(SO-0C), 1098 (C-O0), 910, 820, 780 (S-0-C), 662, 555 em™!
(Ar-509): 'H-NMR (CDCL): §=244 (6H, s; CHs), 3.52-3.69
(4H, m; CH,OCH>), 3.97-4.17 (4H, m; CH;080,), 7.26-7.39
(4H, m; CHCCHy), 7.68-7.82 {(4H, m; CHCSO,).

Triethyleneglycol ditosylate (yield 83%); 'H-NMR (CDCl):
=245 (6H, s; CHj), 3.52-3.80 (8H, m; CH.OCH;), 4.03-4.25
(4H, m; CH;080,), 7.33-747 (4H, m; CHCCHy), 7.77-7.90 (4H,
m; CHCSOz)

Tetraethyleneglycol ditosylate (yield 72%); 'H-NMR (CDCly):
8=2.40 (6H, s; CHa), 353-3.70 (12H, m; CH,OCH,}, 3.97-4.17
{4H, m; CH,050,), 7.13-7.27 (4H, m; CHCCH,), 7.57-7.73 (4H,
m; CHCSO,).

N-Benzylmoaza-15-crown-5'*, In a 1 !/ four-necked
flask 0.6 mol of sodium hydride (60 wt.% in mineral oil}
was added and washed with hexane twice to remove the
mineral oil. Then 300 m/ of DMF were added into the flask,
and the mixture was stirred at room temperature under ni-
trogen. A solution of N-benzyldiethanolamine (0.2 mol, 39 @)
in DMF (200 m/) and triethyleneglycol ditosylate (0.2 mol,
916 g in DMF (200 m/) were added dropwise to the stirring
mixture simultaneously over 5 days. Then the mixture was
stirred at room temperature for additional 20 h. DMF was
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evaporated from the reaction mixture, the residue was dilu-
ted with dichloromethane. The dichloromethane solution was
concentrated and diluted with toluene and evaporated.

Benzylcrown was extracted with chloroform in a con-
tinuous extraction apparatus. Chloroform was evaporated and
the resulting viscous oil was distilied under reduced pres-
sure to give 4 (m=1) in a 49% yield, bp. 144-151C/0.46-0.53
torr; IR (neat): 1100 (C-0-C), 740, 700 cm™! (benzene); 'H-
NMR (CDCly): $=2.76-2.94 (4H, m; NCH,CH,), 360 (2H, s;
phCHz), 3.70 {lﬁH. S, CHQCHzO), 742 (SH, §; CsHs).

In a similar manner N-benzylmonoaza-18-crown-6 was pre-
pared in a 36% yield, bp. 171-176C/0.55-0.65 torr; ‘H-NMR
(CDCly): 5=2.70-2.88 (4H, m; NCH;CH), 3.53 (2H, s; phCH,),
3.60-3.71 (20H, m; CH,CH;0), 7.27 (SH, s; C¢Hs).

Monoaza-15-crown-5'%. In a presure-resisting bottle
of hydrogenolysis apparatus 2 g of 10% Pd/C catalyst and
ethanol were charged. After the addition of N-benzylmo-
noaza-15-crown-5 {32 g} was complete, the mixture was vib-
rated at room temperature for 14 h at 4.3 kg,/cm? of hydro-
gen pressure. Pd/C catalyst was separated from the reaction
mixture by filtration, ethanol was evaporated from the filtra-
te. The residue was distilled under reduced pressure to give
5 (m=1) in a 76% yield, bp. 83-85C/0.25-0.30 torr; mp. 44-
47C; IR (neat): 1100 ecm™' (C-O-C); 'H-NMR (CDClL): §=
2.64-2.87 (5H, m; HNCH,CH,), 362-3.78 (16H, m; CH,CH,0).

In a similar manner monoaza-18-crown-6 was prepared in
a 60% yield, bp. 114-116C/0.36-0.45 torr; mp. 48-50C; 'H-
NMR (CDCls): =225 (1H, s; NH), 268-2.87 (4H, m; NCH,-
CH,), 3.53-3.68 (20H, m; CH.CH.0).

Results and Discussion

In most cases azacrowns were prepared by the reaction
of various aliphatic and aromatic amines and the diiodide
derivative of oligoethylene glycol® or oligoethylene glycot di-
tosylate and cyanamide®. High dilution cyclization of the
N-benzyldiethanolamine 1 with oligoethyleneglycol ditosylate
3 (n=34) gave the N-benzylmonoazacrown ethers 4. The
cyclization step was accomplished by using sodium hydride
in DMF. The yield were moderate, depending on the size
of the macroring. It was postulated by Greene® that a tem-
plate effect was responsible for the moderate yields observed
in these ring formation reactions. The yield difference was
no doubt due to differences in the template effect during
synthesis. The question of the template effect in the synthe-
sis of azacrown ethers has recently been addressed by
Frensdorff?. He concluded that the formation of azacrown
ether was assisted by the presence of alkali metal cations,
although the effect was less pronounced because the softer
N-donor atoms form weaker complexes with the alkali metal
cations.

This methed was convenient because the two starting ma-
terials were readily available (Scheme 1, 3).

In addition to the N-benzyldiethanol amine, we presented
here one new synthetic procedure to prepare N-benzyl-
monoaza-18-crown-6 (Scheme 5). On the other hand, a con-
venient two-step synthetic method of diazacrown compounds
was estabilished by Bradshaw and his co-workers®. We have
extended their method to the formation of N-benzylbis (2-
(2-hydroxyethoxy))ethyl amine 2 (Scheme 2). It was expected
that this compound may he useful as a new starting material
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for macrocyclic polyether synthesis.

In the synthesis of N-benzylmonoaza-18-crown-6, Scheme
5 was a more appealing procedure than Scheme 4 because
the yield of two starting material in Scheme 5 was somewhat
higher than that in Scheme 4, and especially handling ditosy-
late compound. In practice, the vield was improved about
10%.

Removal of the benzy! group can be achieved by acid
cleavage or reduction®®, Hydrogenolysis of N-benzyl crown
ethers proceeded in essentially good yield to gave the free
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Table 1. Reaction of 1-Bromooctane with Nal or KI in the Pre-
sence of Crown Ethers

kase X 107 (™)
Crown ether
Nal KI
N-Benzylmonoaza-15-crown-5 11 7
N-Benzylmonoaza-18-crown-6 31 74
Monoaza-15-crown-5 11 04
Monoaza-18-crown-6 12 64

ligand § as a white solid.

Phase-transfer Catalytic Activity of Crown Ethers
in Halogen Exchange Reaction. The phase-transfer
catalytic activity of 15- or 18-membered N-benzyl- and mon-
oazacrown ethers was examined using the nucleophilic dis-
placement reaction of metal iodide in aqueous phase on 1-
bromoocatane in organic phase as a typical reaction, and was
evaluated by pseudo-first-order rate constants (%)

D'CgH"vBr"r' MI —k-ﬂ l'l“Canl +MBr

= —In (I_EIJt/[X]a)
Al
{1]); : concentration of product at time ¢
[X], : concentration of substrate at time zero
Af ; total reaction time

M=Na, K

Rosa

Table 1 shows the effects of cavity size of crown ethers and
nucleophile structure on ks

N-benzylmonoazacrown ethers had higher activity than
monoazacrown ethers. The low activity of meonozacrown
ethers is due to the low transfer rate of the complexation
of crown ethers with KI or Nal. The reduced transfer must
result in less effective contact with substrate, hence lower
the rate constants. Catalyst with an 18-membered ring was
used rates decreased with a change in salt from KJ to Nal,
whereas catalyst which hore a 15-membered ring, created
the oppsite effect. This corresponds to the well-known fact
that the 18-membered crown binds K’ tightly, but Na* a
little loosely®.

A study on the immobilization of this monoazacrown ether
moieties onto the polymer supports is in progress.
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