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8 % ZHF AdHZE ¢E AE 7159 o] % &) (phase transfer catalyst; PTC) & §5
371 98 ¥R A2 AAY 23} o ¥ 2 (polymer-supported crown ether; Ps-CE)&-& 34
33, o] Ps-CE(solid phase)& o] £38}e] of-z-of 34 BFUA AL 1-bromooctane (§7] &) 9}
iodide(T &%) I A MFEEE 34 2 Ao|F F9%5 < dFHEsY Ps-CES=
hydroxymethyl 7] & A& 22}t¢ Al 2fFE FAE F 0] % 1~2% cross-linked chloromethylated
polystyrene o] 22t 2EAA Az3F et 34 ETLAXNFuSL 08729 Frd og2d=
A AR WEEERT (ko) £ AHEE E0l ol vl slg oH, HadE, 25, &9,
o 9¥E HEE ¢ F U PsCEY Fo)5S F2H o2 FAHE 7144 F$ oF 29
ezt vl mtgon], WgF dd] odoiastn o] & PTC2A wEALL81g ew Z2a)59] 74
glo] Aabgel e & F At B8 E4F dgy 2 dEZHE 42 10~20keal mol™,
20~55eu. o] A2 FA 3} A-F oA=& ~30kcal mol! o]},

ABSTRACT.  Polymer-supported crown ethers (Ps-CE) which can be used for phase-transfer
catalyst (PTC) were synthesized for the purpose of allowing reusable function to ordinary crown
ethers, and the kinetics of the liquid-solid-liquid triphase-catalyzed nucleophilic displacement rea-
ction of iodide (aqueous phase) on 1-bromooctane (organic phase) using synthesized Ps-CE (solid
phase) were studied. Ps-CE were obtained by grafting of hydroxymethyl crown ethers to 1~2%
cross-linked chloromethylated polystyrene. All reactions followed a pseudo-first order dependency
on the 1-bromooctane concentration and the observed rate constants (k) were linearly related to
the molar equivalents of Ps-CE, and were subjected to the influence of cross-linking density of
polymer backbone, solvent and the reaction temperature. The catalytic activity of Ps-CE was also

compared with that of structurally similar soluble crown ethers, and used Ps-CE were easily reco-
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vered after the reaction by simple filtration and could be reused without loss of catalytic activity

in the same anionic displacement reaction. Enthalpies and entropies of activation associated with

the displacement were 10~20kcal mol,
was ~30kcal mol™1.

20~b55eu. respectively, and the free energy of activation
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Aols AR A f7) &ofol
ol AFA e GIE A FEW (PTC)d
A3 7H&3A7 e E AT fAFH s upds
ion pair 8] 7] &-fo] A A =& o] & PTC-
cation Z+E9] AF4 Lol & ol
 olF2 e S0l 2L A} FHoz B
B 433 dolA e A iz gm3E
Yo7 A g gloemd dcds] whgAe] =
AL FZoA 87t 43 ges do
T A8 A AYIFFNAN 2 fEAo
FHE 2 J& AolE W F g ZE
279l Zehy- °ﬂEﬂ 259 F9iso] 7|g PTC
SR A A $re]l WA 2 glode,
2 T4 #AAHel ZitEFn sMAHANE oAF
PTC Extt zrteln spshut-g 3404 = 3
T&Fo] oHY & 4 Lol AFE AY=m
gt ol 138 759 g 3l
HHEALE J) 58 o Qb Bo|F Eo)
2AY F842 7MdF 2 Aoz AgHld 3
AN E Yr|AHq Aol Aot
2 dFe = FES 13 A8 A F
PTC 258 wH& A 7| 5& Ad PTC=R &
=37 98 Jle4d 2 dez M, I1E 5
T4 EaHddagAA 2EA A2 AA
¥ =$ o 4 2 (polymer-supported crown et-
her; Ps-CE)1>*14 £ Y3lz, o5& 4=
- Ps-CE %2 HO-7] 8719 &7 A A

A

A Bur-g45d vlXE PTC %S ZHEF
98 1-bromooctane &} = A wHuFL-9 HFS-
Fx& GLCHdl o8 F43e, ubg<txd] v

A & polymer network 8] 7l %, &v] 9@ &
= 9%FE HAE, 45 AHEA9 PTC &
% 9 Ps—CE 9] crown unit & F+zA o0z $Ai}
3 JHEA ZEE- e 29 EFdFS ¥z

3 A ELA PsCEF9 PTC 244 A3
FHA o2 AT Arsqar.

0—<CHOH g~ CHOH
Y
f~" In &~ ln
1 1

4 H

AlefF 8l 717}, 3-Chloro—2-chloromethyl-1-pr-
opene 3} potassium hydride (35wt% dispersion
in mineral oil) 2 borane-methylsulfide complex
(10.0M in BH,;, BMS)= Aldrich Chemical A
E & A 4319 3, n-dodecane (GC 99%) 2 so-
dium iodide (EP)¥ Merck A} A FE& A}4-3
% t}. Potassium iodide (EP)+ Kanto Chemical
A}l A|EL, 1-bromooctane(GC 99%)- Tokyo
Kasei Kogyo A &g #+7 Al4-319 o5, Merr-
ifield’s peptide resin S & o El9] A FE2
A 1R Ao e AES AEEHAR JH
$7) % $7 AkEe A% IF zE BRE
g, 28AE AAAT A AL I
A2 AAZEY o AHeEd IR 2 NMR &
AA s, = AFeA A ERAFFE A1t
et Fag A 2 el Ao, i
SEE A5 FAdA 243 GLCE Varian
3700 flame ionization instrument(2m X0. 125 in.
3% SE-30 on chromosorb W, 80~100mesh, pro-
gram temp. 100~140°C)&, =3 zul&x &4
o] =stroboscope (Uchida) & A}8-3}3 2 ¥ %
X Haake A 81 Temperature Controller & A}-&
ste] &ALE9 £0.1°C WS elA =A%
=

Hydroxymethyl Crown Ether (HM-CE)F2|
B, A EL4 PsCE & Az37 4% 3
o] H& 75AFAAL 1 2 I F 2-hyd-
roxymethyl-18-crown—6 (I; #=4)& A 1 ¥1¢}
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2gA 842 AL 2%¢ AMF AD. Yol & 13 59

72 W o2 benzylglycidyl ether (BGE) 2%
B benzyloxymethyl pentaethylene glycol & A
# o] % intramolecular cyclization ¢ & 4%
5]+ benzyloxymethyl-18-crown-6 &
3hate] A3k

3-Methylene-16-Crown-5 (3-M-,C;). To-
moi 519 whe] F3}g o9, sodium hydride
(NaH 7.2g, 0.3mol, 55% oil dispersion 2z 4]
13.1g) % n-hexane o2 Ho] (3x75mi) 3 -
flask o] do] THF 200ml/ 2 @ =A7] 3, o7
o tetraethylene glycol (19.5g, 0.1mol)3} 3-
chloro-2-chloromethyl-1-propene (12.5g, 0.1
mol) & 77 100mi 9] THF o &3 AL
2upste] BAF-LE oA 484 7ol AH o}F A
A8 Haete] shabgleh

Aot AEF HFLEAA mulslel 2447
S-S AFAZ &g 4uldd THF £ rotary
evaporator 2 F 3| <dtw, ¥ 100ml 2 A A
AE &3 A2 ¥ 6N-HCl 2 %383 o-& CHCl,
2 $%(3x50ml) 35 CHCl; %% Kugelrohr
A A8 FHsle] 3.8g(56.1%)9 EAHE
[bp. 115~125°C(0. 016~0. 02 torr), &3] 15 115
~120°C(5~8x 10 %torr); NMR 3. 73ppm (16H,

= A=
= T4

s), 4.18ppm (4H, s}, 5.20ppm(2H, s)]& 9=},

3-Hydroxymethyl-16-Crown-5 (3-HM-,C).
3-M-16Cs 238 hydroboration-oxidationl6~17 of
g8 F=sl et 3-M-;4Cs (4.44g, 0.018mol)
9 THF 9ml & 10M - BMS 1.8m! (0.018
mol)8] THF 2.77ml €9 & FA}7) ¢} 21 54} u}f
& Agstd A2 §3 sl 0°CAA 2
Ztell A A¥ste shetz ohA] 25°CelAl 3
A ZE WA F 0°C 2 Wasts E 1.5ml &
] wlubg BMS & ¥4147 d¥el 3N-
NaOH 6ml, THF 6m/, ol &g 1.8m/ 2 30%
H,0, 6mi & A 2 A3tste] bl ohA 7}
23te] 55°Coll Al 247} mutsle]  Absbulgo
gt

1% & £eldtz £58 KCO; 2 234 A
BEHE #1%€ 977157 FFF MgSO,
2 ZAZA 7] 3 rotary evaporator 2 L5 & Zul
AA crude B4 F 4.58(95%) ¢ Aglerd, o
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% Kugelrohr X 2 ZHF3le 3.1g(65%)9] 3-
HM-14Cs [bp. 126~130°C (0. 039 torr), & |15
oil; IR 3,400cm™! (OH), 1, 100~1, 200cm™!
(C—0—C); NMR 2.15 ppm (1H, m), 3.10
ppm (1H,s), 3.64 ppm (16H, s), 3.7lppm
(6H, )1& 44t

3-Hydroxymethyl-16-crwn-5 | Grafting.
Al 1 2.12] 2-hydroxymethyl-15-crown-5 9} ch-
loromethylated cross-linked polystyrene (CMPS)
8 zzhzy wygo] #8« Ps-CE % Azst
glon, 16-crown-5 3§ 1% cross-linked net-
work polymer ¢] 2= 927 2t sodium
hydride (0.98g, 20.5m mol, 50% oil dispers-
ion) & n-hexane © 2 A4 (3x50ml)st] THF
150m/o] WA AL 37 Eehrze Px
7)o 3-HM-4Cs (3. 4g, 12.90m mol)-& THF
50mle] £3AA Yz ALI| {3 Ao 1
Al Zb 2ubek ¥ 1% cross-linked CMPS 5g <
743t shsla Ao Fatdl 2447 R FAR
o WSEFES ALoz wud T oge
25ml & 7tebe] of A3 kg THF (5x50ml),
THF-H,O (1:1, 3X50m/), HyO (2x100m?)
2 THF (50ml) 24 £33 o g A5 7hqtald
Aol daj7A AF Az (75°C/ 55~70torr
ol A 50e] A7}, 70°C/1 torr o4 8] 7k)AlA
5.268 9] 1PiCs & Ao, 222 w93
2% cross-linked CMPS o 2 -5 ,PCs & ¢
=},

= PTC 4= A& A¥o] AH43 PsCE:
Aol Al A& 1PiCs 2PieCs 9 Al 1 B o A
18-crown-6 & 1%, 2% cross-linked networlk
polymer ¢ 1P1sCs, 2P13Cs 5 % 4 %S AME-3]
et

of-11-of EXRUMAHAL| RI& x|EHIS9|
H Melke) B8E 2 d74d04 $4%
Ps-CE 72 Ed% A4 A A uk-Zol A9
PTC &ul5¢ A=ah] A8 Aes =%
F71 8ol &8 A7 1-bromooctaneo] Nal =
£ KIF892 #8473 42735 9 7]
A9 FEMIE GLCH®? 98 243y
o ulaabgel 93 z EAq wEe e
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s} 7}, 28.94mg 9] (PiCs & °F 20ml € cult-
ure tube (corning No.98263)e 23, o7}
£33} potassium iodide €} 2.5m! &} toluene 3ml
2 W2 5 FEA 24 n-dodecane T5ul & F7}
&ted W@ 3. screw cap ol 93 tube & B3z 90
+0.1°C 2 A5 & oil batho] +3 o2 3lo
ZAHAA 2047k o4 AA B A EFHE A
424 conditioning 3}F . whg A ZA 1-
bromooctane 50pf & micro-syringe & A}-8-3}o
sogA 720 Astn 279 9AT FE
7] ZH(induction period) %3 AAH A7+ 744 o
2 149 A5F f71Fez F¥ #Hito GLC
FAHA g8 7149 F=(CHE FAFHA
In (Ca/Ca0) 3k& AZkel i3 plot 3tz =z 7]
715 HAaeASHd & A48t pseudo-firs-
t-order FE A5k (koa) & T3 9 AE
o] A% A3 E#i ek [crown unit]/[subst-
rate]-2 °F 0.1 &l 33, 1PCs & 72 16-
crown-5%& A& Ps-CE A$+= A 24
sodium iodide & A}&3&F+g T},

gE, wubH 2 T ubg Z7 el teflon-
coated stirring bar & AF&-3}e] wulEE 1500+
50 rpm o] 4 5t

g1 8 ¥

7IsdE7HH U 2F YAS

3-Hydroxymethyl-16-Crown-5. 3-Chloro-2-
chloromethyl-1-propene (CCP) .2 %8 NaH &
A &lel tetraethylene glycol (TEG) & Z&A7A
56%2 552 3-methylene-16-crown-5 & 3§
Aslg =, o] Z2X-E hydroboration-oxidation 3}
AL B3 656%S +5&F2 3-hydroxymethyl-
16-crown-53 A& < UUT} (Scheme 1) ©]
729 NaH ¢ THF &=e] CCP 2 TEGY
THF &9 & o}F =3 T2 HapA Hok 3=
7 (0.1mol 7% 484 7ol 4 242)3} hydrobo-
ration ol Al 3-methylene CE 2} borane-methylsu-
1fide(BMS) & 2 At&3toinl @t Aol &
o} Fgl ot

Ps-CE 7. 7154 #4%744d HM-CEE
NaH 2 ##3l9 = sodium alkoxide 2 %3}

[ CICHp 120=CHy + no’f‘oﬂ;on

o CHy

0y BH3 - SICH3 I °’\,FEHZOH
(0- 0 H0, + NaOH 0 0
us
3 \—53
Scheme 1

®O-ma  +  I-T

Cnloromethylated
styrene
(1%,2% crosa-linked)

NaH in THF

N ®—QO-CHy-R1-2
. - v} 1% cross-linked, P o€
Ryt @ [HZ-{O_ /D}\ 22 cross-linked, ;r::c:

5-/ &4
Ry: Q_EHZ_C(; 0 12 cross-linked, P €
FJ 3 22 cross-licked, 7 Co

Scheme 2

*

% Transmittance

4600 2200 1000 400

Wavenumber ( cml)

Fig.1.IR-spectrum of 3-hydroxymethyl-16-crown-5.

3 1~2% cross-linked CMPS (Im eq. Cl/g)3}
THF oA A& 7] Fstel A 2441 FFAA
a2zt EAF o o|w CMPS e A=
1 %o o8 HM-CE & 2.5~33%ako 2 39
A AFLets etz E 3% #Jde HM-CE
2 FFatgen of 0% A= F5EE Ps-
CEFE $AE &+ AR (Scheme 2)
7w £ E M4 E2| IR W NMR. Ps-CE
5o FANA F7A] FU& A% IR-3 NMR
-spectrum & Fig. 1~2¢] ‘el it
3-Methylene-16-crown-5 2] %9 Fig. 2A 9]
NMR-spectrum ]| 4] 3.73ppm o] singlet 2
BolE 16742 H(CH,CHz) %} 4. 18ppm ¢l singlet

Journal of the Korean Chemical Society
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70 60 S50 40 30 20 10

PPM

Fig. 2. NMR-spectra of 3-methylene-16-crown-5
(A) and 3-hydroxymethyl-16-crown-5 (B).

9 4H(OCH2C_)9']’ 5.20ppm ©]| singlet & 2H
(CH:=)% #JdE + AR

3-Hydroxymethyl-16-crown-5 2] 73 - IR-sp-
ectrum (Fig. 1)olA4 3,400cm™! -9 73k
peak & OH 4, =3} 1,100~1, 200cm™ 9] Z4
2 peak = C—0—C AFA 5o 7tz ¥
A on, NMR-spectrum(Fig. 2B)dl A& 2.15
ppm -] multiplet 2] 1H (CH), 3.10ppm o
singlet ¢ 1H(OH)$} 3.64ppm f singlet & 16
H(CH,CH,) ¥ 3.71ppm || singlet 8] 6 H(OC-
H,CH)E 22 8318 + s

FH, 1% 2 2% cross-linked CMPS o] =
gt Ex5 crown ether (Fig. 3,4B): 282 E
57 A9 CMPS 9 IR-spectra (Fig. 3,4A)}
v wahe] o 1,260cmle] 99w H—C—Cl
9 8 A5 A9 gelAx, = 4 1,100
eml 22o] C—0—C A% AFel ehdg
o 4 9lz o] 2HE o]Fe] 2EZEHJYE
A AT F AR

of-Ti-of B MAHMAMLl RsYX|E B,
H-z- 33 B¢ AdAY A A3 e
109 9§ F54L &3 o] vl + 3l
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o & 2f (ID.

Aol% xS 597

% Transmittance

A
N
M
600
Wavenumber [ cm )

Fig. 3. IR-spectra of 1% cross-linked CMPS(A)
and ;P16Cs (B).

A
M
W
4600 7200 1000 400

Wavenumber {cml)

Fig. 4. IR-spectra of 2% cross-linked CMPS(A)
and 2P15C5(B).

% Transmittance

.

solid phase
—_—> n—C3H17I

-C, B MI
n-CgHy;Br (org) + Ml (aq) catalyst (Ps-CE)

(org) +MBr (aq)
M=Na or K ¢))

- ‘flct:A =kobea Cal-?

In (Z‘%) = — Eopeat @
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A7\ A, Cpo B Cav nCHyBro] 271 R
Az el A FERA 2719 dATE K272
(induction period) #3% GLC EAWd| 23
7149 FE CoEs A3z, 4 (2 #et In

(&) ate Az rel A plotsted 2 7187
AQ

B2HY by T T 5 Y5t
Hg sz M5 d-2-9 3F EFd A
A9 1-bromooctane 9] iodide i 3uk-g (1)l A
uhg- 71349 FE W3 E GLCHd 93 33
3 4 @ol Bt In(-S )% Azl Ao plot
Cao

3t i gH o2 Fig. 59 Yo, $&
Ay FALE ¢ F QA2 ol2FH Ps-CEF
9 ko (F, 71271) & ¥lZE 2,
2P18Ce>1P1sCs>2P16Cs>1P16Cs & £ 2.2 2 gtol
43tz 9z durd o2 polymer network &
tx A7t 2 2% cross-linked Ps-CE Zo]
2 45 A4 %< ez 988 & F A
Sof &3, Y-z-4 34 ETYE AdAg
A A Wb A 77159 &N E n-he-
ptane, toluene L chlorobenzene © & w3}AH
S A wgEE A5 &5 AHAE Table 1]

ln((A/EAo)

10 20 30 40 50 60 70

time { br)
Fig. 5. Plots of In(C,/Caq) vs. time for the reac-
tion 1 in toluene at 90°C, catalyzed by ;P1sCs; O,
2P16Cs; [0, 1P1sCs; @ 2P1sCe; MR ([Cr unmit]/[sub]=
0.1).

o

-1}

-2 F

Gy ! Cag)

-3¢

1026 30 %0 50 60 70 10 20 30 40 50 60 70
time ( hr)

Fig. 6. Plots of In(Cy/Cpp) vs. time for the reac-

tion 1 catalyzed by Ps-CE in various reaction med-

ium at 90°C, ([Cr unit]/[sub]=0.1). [O;in n—

heptane (O ;in toluene A ;in chlorobenzene (A)

1P15Ce (B) 2P1sCe.

Table 1. Influence of solvent on the observed pseu-
do-first-order rate constants (%) for the reaction
1 in the presence of Ps-CE¢

Fopsa X 108, s
solvent?
catalyst n~heptane toluene chlorobenzene
1P16Cs 3.13 1.23 2.55
2P16Cs 5.60 8.74 4.48
1P15Ce 6.90 12.40 20.79
2P15Cs 16. 88 31.49 31.73

@ unstirred process at 90°C. ¢ catalyst amount;

[crown unit]/[substrate]=0.1.

gergi et $Y Sl A e PeCs<oPiCs
< PeCe<loP1sCe 8] 2.2 2 o] AAZ IS
& g A, EEFEI =3 (P1eCs & 2PiCs
S+ 9o SA g FE9= A3 A
ol i FAl= A Aoz veEort,
57t whE PisCe ot 2P1sCe o B 5= HA
$o19) G0l AAGE hyu ol A ¥
A=, (Fig. 6)
7t84 Azl JEHZ2FAC! Zois HlD.
Ps-CE 9 PTC 249 Fwls& ¥4 F7A
o f7l&ulel 7484 7154 2 ez
f-oF vl 23t Fig. 7] vdelisich 1PisCe &
A F74d 784 2-benzyloxymethyl-18-cro-

Journal of the Korean Chemical Society
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wn—6 (2-BM-14Cq) 7} 3331 1P1sCe B8} 7] 271
2 Adigte] AAgled, M A7 & A
Y+ 2-hydroxymethyl-18-crown-6 (2-HM-15Ce)
= 2 ] ASE % F A oFE ug &
73k (hopsa) & A7+ 2-BM-14Cs (20.11), 2-HM
~1Cs (0.49) 2 ,PyCs (12.40) .24 (Table
2), 2-HM-44Cs 9] PTC %0] &L o] & 4k

718 Az 7] Ao BFYL AAA §7
3 FE&4F FFd ¥ eAolng {7
Folgt A3k whE 718 1-bromooctane 2}
o 2gHa AFo] A7r ol Axg
o},

X AtEAl2| &0fs Hlm, PsCE §9 A 4t
ol B2 F9i59 Wl vlwete Fig. 8
R Table 20 Yepliglet, o) 5 283 FolA
2P18Ce 9} 2P1sCs = X3 uh-g 95%F P43 o
I £t A AL sldx Hag
PTC 5% AY 2z A= &g & +
Az, S= %‘5“«] 748 93 sodium th-
iosulfate 2] o H= H2 F37} Q= Aoz
vrebstet,

w2hA], 2 Aol A §A43 24 Ps-CE F71
HHE AR 7159 PTC2A astdog Algd

In( Cy / Cap)

10 20 30 40 50 60 70
time {hr)

Fig. 7. Plots of In(C,/Cag) vs. time for the reac-
tion 1 in toluene at 90°C, to compare the PTC ac-

tivity of Ps-CE with soluble funtionalized crown
ethers. (O ; 2-HM~14Cs, @ ; 2-BM—13Cs, [1; 1P15Ce).

Vol. 32, No. 6, 1988

¢ T Az, FA PTC 559 &
gol 3 gztx wby Abgo] sHEEt
A7t A3 Fol o},
=0

| AlXl= o2 &3+ Ps-CE F9

1 i i L 1 L

10 20 30 40 S0 60 70

time ( hr)

Fig. 8. Plots of In(C,/Cpo) vs. time for the rea-
ction 1 in toluene at 90°C to evaluate the PTC ac-
tivities of reused catalysts. ([Cr unit]/[sub]=0.1)
QO ; fresh ,P1¢Cs, @ ; reused ,P1Cs (treated with
sodium thiosulfate), []; fresh ,P3Ce, A ; reused
2P18Cs (not treated with sodium thiosulfate), W ;
reused ,PgCg (treated with sodium thiosulféte).

Table 2. Rate constants (kqe) of reused catalyst and
soluble functionalized crown ethers comparing with
those of Ps-CE¢

reagent® catalyst Fonsa X 108, s71
KI 2P18Cs 31.49
KI 2P1sCef 22.04
KI 2P1sCeé? 20.97
Nal 2P16Cs 8.74
Nal 2P16Cs? 7.38
KI 1P15Cs 12.40
KI 2-HM-15Cs 0.49
KI 2-BM-15C¢ 20.11

¢ for reaction 1, [crown unit]/[substrate]=0.1, in
toluene at 90°C. ¢ saturated aq. solution. ¢ reused
catalyst (not treated with sodium thiosulfate). < re-
used (treated with sodium thiosulfate).
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o/
80 b
© 60
=
* »
z‘ L0 /
./
20t / /
. _® o
~
8"
8 o—o—o—
005 01 015 02 025

amount of catalyst

Fig. 9. Plots of 106 kg vs. amount of catalyst O ;
1P1eCs, [ 2P1sCs, @ 5 1P15Ce, and M ; 2P15Ce used
for the reaction 1 in toluene at 90°C.

T L] L] L] L) 1 L4
0 -
°\
-1} oo\ .
[ ]
=) P
5 1) \
<« oL\ ]
o 2 . o
~— 1
E | ]
-3_ -
Il 1 1 1 1 i

10 20 30 40 SO0 60 70
time (hr )

Fig. 10. Plots of In (Ca/Cag) vs. time for the rea-
ction 1 in toluene at 90°C, catalyzed by 2P1sCe, ([Cr
unit]/[sub]=0.1), stirred (M) and unstirred (O)
process.

Fg Zstz AP e (DY e F=
of vl = Eojg S vladte Fig. 9 %
Table 3 Febd e},

YEH o2 FZujjgpo] FrtEe] wmet WIS E
= Z7slxm Qe 2 A §L 16-crown-5 2t}

Table 3. Influence of catalyst amount on the obser-
ved pseudo-first order rate constants (k,g) for the
reaction 1 in the presence of Ps-CEs¢

kopsa X106, s-1
catalyst amount, [crown unit]/
[substrate]
catalyst
0.05 0.1 0.15 0.2 0.25
1P16Cs 1.20 1.23 1.38 2.29
2P16Cs 4.09 8.74 12.91 15.33
1P18Cs 5.93 12.40 22.45 30.90
2P18Cs 10.41 31.49 44.61 84.09
¢ in toluene at 90°C.
I T L
n/
st i
6 - =

kobsd * 106
e N\a

] 1 ]
70 80 90

(°c)

Fig. 11. Plots of 108 k. vs. reaction temperature
in toluene by stirred method. @ ; |P1Cs, [ ; 2P16Cs.

= 18-crown-6 8] crown unit & A& Zol,
g 1 %8} 2% cross-linked network poly-
mer o] AL & F AL

e Aol REo|EM B HHEHY DEh
£org 4= 34 ARelAY 34 23U A
A4 e BAdoz B4 UEsm
Ros mukl By §A9HE EAS
a} 7t Eo B g2 WAy 8wk
& AgRgoct, olE wuris v 2y A%
Fig. 10 Yebiet, =& ukg 248
250 G2 SUAFLE TG 2
St %9 1879 AAge BE % &
w PiCe B¢ HFEEE }‘J'T%k(kobstIOG)
Fig. 10 o2 %8 w4y (110.69), ¥l xuby (31.
49)013ie}t, Ps-CE 79 344 A #ukg (Dl
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Table 4. Rate constants and activation parameterse

(D). 4el% 29a% 601

catalyst temp, °C Fobsa X108 s71 Ea A4H* Kcal mol-1 45* eu 4G*% Keal mol-1
1P16Cs 70 2.00 10.28 9.56 57.03 30.27
80 2.91
90 4.57
2P16Cs 70 3.40 11. 46 10.74 52.53 29. 82
80 5.12
90 8.53
1P1eCq 70 15. 80 19.46 18.74 26.19 28.25
80 46. 20
90 74.92
2P1sCs 70 19.29 21.70 20.98 19.25 27.97
80 65.09
90 110.69

@ stirred process for the reaction 1 in toluene catalyzed by Ps-CE with the amount of [crown unit]/[subst-

rate]=0.1. % at 90°C.

o
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80| /_
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o
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70 80 90
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Fig. 12. Plots of 108 ky,q vs. reaction temperature.
in toluene by stirred method. @ ; 1P1gCs, [ ; 2P1sCe.

A aubel A% Euj59] 2x &4 (Fig.11
~M2DE YHHLE LR BE FF ko &
& 7k 2.r] 18-crown-6 unit & Y poly-
mer o] 2 FI Rt AR S & F A=,
o]-F ul-g £E A4 o= H¥ Arrhenius polt
ste] &Astelx], Ea g 4, o248 4HY,
4G* 9 A4S~ 5 AWl 938 Fshe] Table 49|
veEplile, & X3 uk-go] 43k Afol
A& ~30 Keal mol? Axd& & F AUt
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4 B

2EA AR AR ZHg o6 2 (Ps-CE)
7o S d-=-4 34 ETLAAAY
24 Ps-CE %% PTC & o] &3} 1-bromooctane
9] iodide ¥ A& uk-gol 4§ = AF &
Ao zHH g AEL AUtk

(1) 7154 % 7t4¢l hydroxymethyl crown et-
her & 1~2% cross-linked chloromethylated po-
lyStyrene o ZZEAA A Age] 7h5d Ps-

FE FAE F A

(2) H-z-f 34 E7Y AdAe A gk
< A 13Egolx, 2 keSS R Fuf g
A4 3ty o=, polymer network & 7tz =,
034, He eEsel JFE Bol, Fw
WE7t F95, ditd oz gn9 FAo] EFF
5 e Et EEFE U &= e £
#E e,

(3) k3o A9 setulEcl 435 9
7 2 de23E 247 10~20Kcal mol™?, 20~

55eu. o] &3 AfolA o 30Kcal
mol™! o] gl =},
A
£ de @ADL dFH AL g3t
o o] Foiz Foln, oo AANE A& E3F
Y},
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