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ABSTRACT: Seweral polyoxirane—polyoxetane composite resins were prepared gyiridfated cationic polymer-
izatons ofr-mono- andy, w-dioxetanyl-substituted polyoxiranes with ardinary bisoxetane awithout adding itat 0C
for 50 h. The resinsbtained were examined as a phase-transfer catalyst in organic reactions, such as halogen-exchange,
Williamson-type etherification, alkene-forming elimination, and C-alkylation of malonic esters, using Nal, KI, NaOH,
or KOH as a source of a nucleophile or a base. Thus, it was indicated that the pendant and cross-linking polyoxirane
segments acted as polymeric solvents capable of catching sodium and potassium cations in the manner of cooperative
coordination. Herein, polyether matrices may play an important role in forming reaction stages, possibly due to self-
assembled oxyethylene segments and due to moderately flexible polyoxetane backbones.

KEY WORDS Cationic Ring-Opening Polymerization / Polyoxetanes / Polyoxiranes / Polymer Sol-

vent / Fhase-Tansfer Catalyst /

Investigation for the synthesis and uses of func- CH3
tional polymers based on polyoxetane backbones is d—CHzo(CHz)4Br + H—(OCHoCHz),—X
very interesting to us, since the polyoxetane back- o 2a(n):n=2,3,cal3:
bones have several properties desirable for supporting 1a X=0CHs
marices of functional polymerse.g., flexibility, ther- 2b(n):n =3, ca.13;
md stability, base-resistance, and moderate polarity, BAB X=0OH
and are easily obtained by cationic ring-opening poly- l 50 wt% NaOH/n-CgHy4
merization of oxetane monomers. Furthermore, the reflux
polymerization are quite unsusceptible to polar func- CHs
tional groups involved in the side chain of the ox- CH20(CH2)4—~(OCHLCH)—X
etane ring, and these groups are used as function-
ing species directly or after further chemical mod- 3a(n):n =2, 3, ca.13; X = OCHg
ification by an appropriate polymer reactibnEor 3b(n): n =3, ca.13; CHs
one of polyoxetanes with pendant functional groups, = —O(CH)4OCH>
we recently reported that polyoxetane resins anchor- 0
ing di- and tri(oxyethylene) side-chaindR3a(2/l) Scheme 1. Premration of monomersa(n) and3b(n).

and R3a(3/), were obtained by polymerization of

the corresponding oxetane8a(2) and 3a(3), with  can also catch alkali-metal cations in a cooperative co-
1,4-bis(3-methyl-3-oxetanylmethoxy)butard) Using  ordination manner similar to that of crown ethers and
a trifluoroborane-ether complex (BBEb) as an ini-  that the counteranions of such cations can act as a nu-
tiator in dichloromethane (DCM) at (Schemes 1  cleophile or a base for several reaction types.
and 2). From another point of view, polyoxiranes are re-
The pendant oligo(oxyethylene) chains anchored garded as important materials for an polymeric elec-
onto4-cross-linked polyoxetane resins were polymeric trolyte of alkali-metal cations. In the material de-
media solvating alkali-metal cations, as confirmed from sign, cross-linked or branched forms of polyoxi-
the results of a halogen-exchange reaction and amane chains are required to improve conductive ef-
alkene-forming elimination reaction using the resins asficiency upon cation-transferring, since polyoxirane
aphase-transfer catalyst (PTE). chains give a crystalline state at a high concentration
It is known that the ether moieties of polyoxiranes of alkali-metal cations, decreasing ion conductivity.
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Scheme 2. Prearation of polyoxetane resins with the pendant
and cross-linked oxyethylene uni®3a(n/l) andR3b(n/I).

Chemical shift/&

Miwa et al. recently prepared,w-dioxetanyl-substi- Figure 1. 100 MHz "HNMR spectra (CDCH) of monomers,
tuted polyoxiranes to convert them to polyoxirane— (A) 3b(13) and (B)3a(3).

polyoxetane networks containing lithium cations abun-
dantly by cationic ring-opening polymerizations using and 3b(n), n = 2, 3 or 13, were obtained by phase-
large amounts of several lithium salts as an initidtor.  transfer catalytic reactions of the bromine atom of
Thus, a variety of polyoxirane networks will be 1a with the terminal hydroxy groups of oligo- and
designed to produce promising materials with ion- poly(oxyethylene) glycols2a(n) and2b(n). Oxetanes,
affinity. In this study, we prepared polyoxetane resins3a(13), 3b(3), and3b(13) as pot-residues, obtained af-
having oxyethylene units in the pendant and cross-ter removing the solvent and volatile impurities from
linking chains, R3a(131), R3b(3/), and R3b(131), the reaction mixture under vacuum, were subjected di-
by cationic ring-opening polymerizations of the corre- rectly to BFRs-initiated cationic polymerization. The
spondinga-mono- andy, w-dioxetanyl-substituted tri-  structures of the monomers obtained were confirmed
and poly(oxyethylene)ga(13), 3b(3), and3b(13), re- by *HNMR spedroscopy. For instance, thed NMR
spectively, with4 or without adding it, and examined spectra of3b(13) and3a(3) are shown in Figure 1,
these resins as polymeric media capable of solvatingvhere these signals are assighable to the corresponding
alkali-metal cations in several phase-transfer catalyzedrotons of the desired products.
organic reactions. These results serve for the charac- Oxetane monomers having poly(oxyethylene) chains
terization of the new type of polyoxirane—polyoxetane in the form of pendant or cross-linking were polymer-

composite resins prepared in this work. ized with4 or without it using 0.03 equiv. of a BBEDL
initiator in DCM at 0°C for 50h. The formed gels
RESULTS AND DISCUSSION were collected by filtration, washed with 20% aque-
ous methanol, and dried in a vacuum to give elastic
Preparation of Monomers and Polymers products in good yield. As exemplified by Figure 2

Mono- and dioxetanyl-substituted monomesa(n)  for 3b(13) andR3b(13/0), the IR spectra of the poly-
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Table 1. A list of resins with oxyethylene segmehts

. Monomers Resin structure Yield® OEU
Resin . —_—

in feed n I % mmol gt

R3a(2/13) 3a(2)/4 2 13 90 6.64
R3a(3/13) 3a(3)/4 3 13 92 9.04
R3a(3/30) 3a(3)/4 3 30 85 6.91

R3a(13/0) 3a(13) 13 0 ® 16.53
R3a(13/60) 3a(13)/4 13 60 91 10.99
R3b(3/0) 3b(3) 3 0 100 6.47
R30(3/30) 3b(3)/4 3 30 08 5.23
R3b(13/0) 3b(13) 13 0 86 14.45
R3b(13/13) 3b(13)/4 13 13 85 13.88
R3b(13/30) 3b(13)/4 13 30 99 12.92
R3b(13/60) 3b(13)/4 13 60 100 10.13

80btained by polymerization of monomers with afBFEt; initiator in DCM at 0°C for 50 h.
bSee Scheme 2 for number of repeated oxyethylene umitand mole fadion of a4 unit, I.
°Based on the totaveight of charged monomer$Amount of OEU per 19 resin.

Table Il. Elemental-analysislata for typical resins used in the
present study

Anal (%)
C H Br
R3a(2/13) Calcd 61.35 10.22 0.00
Found  58.05 9.82 0.00
R3a(3/13) Calcd 60.51  10.09 0.00
Found 60.12 10.03 0.00
R3a(13/60) Calcd 59.60 9.76 0.00
Found  59.42 9.74 0.60
R3b(13/0) Calcd 58.50 9.62 0.00
Found  58.02 9.61 0.50

(8)

Resin

(A)

1100 cm-1

19! resin) was calculated from a mole ratio for
charged monomers, since polymer yields were consid-
erably high, and the elemental-analysis data determined
for several of the polymeric products were close to the
calculated values. FdR3a(2/13), the4 content calcu-
LI lated from the elemental-analysis data for carbon atom
2800 1800 1400 1000 was 11-12 mol%. These results are summarized in Ta-
Wavenumber/ cm1 bl?l's l'and II.  bromi ] i
. race amounts of bromine atom were detected for
(FK'S:J g,‘;kf IR spectra of (A)30(13) (nea) and (BR(I0) 1 13/60) andR3b(13/0), but not fork3a(2/13) and
R3a(3/13). These bromine atoms seem to be de-
mer pioducts showed a band due to the C—O-C stretch+ived from those of monomeric units dfa, not re-
ing of the acyclic ether linkage at around 1100ém moved conpletely from the pot-residues under vac-
and a much weakened band at 980¢rdue to the uum, although these bromine-containing units can be
C-0O-C str&ching of the oxetane ring, which was ob- regarded as a negligible fraction. Thus, polyoxetane—
served as a distinguished IR band in the spectra of thgolyoxrirane network resins were obtained in an easy
corresponding monomers. This indicates that a tracerocedure.
amount of the oxetane ring is left as a pendant residue in
the polyether network, particularly for the ring-opening Uses of Polyoxetane—Polyoxrirane Network Resins as a
polymerization of oxetane rings linked with a long PTC
poly(oxyethylene) spacer, since the analogous resins Phase-transfer catalyzing ability of polyoxetane—
obtained from3a(2) and3a(3) showed o IR band at polyoxirane resins were examined for halogen-
980 cnt?.? exchange (eq 1), Williamson-type etherification reac-
The amount of an oxyethylene unit (OEU, mmol tion (egs 2 and 3), elimination of alkyl halides (eq 4),

Transmittance/ % (arbitrary scale)
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1
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1b s o
20 [~ M-t Bd
Resin a
60 wt% KOH 0 : ;
CgHsCHy—OH + n-C4Hg—Br —— 0 5 10 16
5 6 heane Time / h
CeHsCHy—O—n-C4Hg Figure 3. 1.b yield-time curvgs for H@gen-e?(change r'ez_ac-
7 ---(eq?) tions of la Wlth.3 equiv. Nal sing seyeral resins (containing
1.5 equiv. OEU) in hexane at 6C. Resins: M) R3a(2/13), (©)
Resin R3a(3/13), (@) R3a(3/30), (A) R3a(13/60), (@) without resin, and
CoHs—OH + 6 60 wt% KOH (O) using12a as a substrate in the presenc&R@a(2/13).
8 28"%"‘* plots with© andm), althoughR3a(2/13) converted2a
CeHo—O—n-CaH to the corresponding io_dide in a much lower r_ate than
0 --- (g3 R3a(3/13) (see plots witlo andm), as shown in the
previous report tod.This indicates thatla is taken in
smoothly into the oxyethylene segments, since the ox-
1a or b esin, NaOH etanyl moiety ofla used in hexane has an affinity for
hexane oxyethylene segments. Additionally, as compared with
CH, s0°C ;[he resdult o:)OtIair;edb using th hexoalme solven(tj, a much
owered vyield of1lb was observed in a 1,4-dioxane
CHO(CHp—CH=CH, - -~ (644 solvent, possibly due to solvation of oxyethylene seg-
10 ments wvith 1,4-dioxane molecules, lowering the coor-
dinating ability of the oxyethylene segments to sodium
Resin cations (see later). Moreover, the catalytic activity of
CHo(COsEt), + n-CgHiz—Y ———» poly(oxyethylene) chains ifR3a(13/60) is compara-
" 12a (Y=Br) :g(:rf’e’ NaOH ble to that of tri(oxyethylene) chains R3a(3/13) and
12b(v=l) o R3a(3/30), in spite of a highet content inR3a(13/60)
n-csHﬁ\C _COH a5 (also see the result in Figure 8).
R'Z COH Although no halogen-exchange reaction was ob-
13a: R'=H served without the oxyethylene chains in resifb,

13b: R1 = n—C3H17

Scheme 3. Phag-transfer catalyzed organic reactions for ion-
exchange Williamson-type etherification, alkene-forming elimina-
tion, and C-alkylation of diethyl malonate.

and C-alkylation of diethyl malonate (eq 5) (Scheme 3).
Halogen-Exbange Reaction. In this study, an oxe-

yields after a 6 h-reaction were 44, 65, 87, and 85%,
respectively, using 0.5, 1.0, 1.5, and 2.0 equiv. of OEU
under the same conditions wik3a(3/13). Thus, a re-
action rate was enhanced with increasing OEU amount
until it reached around 1.5 equiv., indicating that an
amount of ionic species taken in by resins is restricted
at an appropriate concentration so as to avoid elec-

tanyl-containing bromidela, was wsed as a substrate, trostatic repulsion between the ionic species, espe-
although octyl bromidel@a) was used irour previous  cially for counteranions that are hardly solvated by the
paper, since the influence of an oxetane moiety, whichoxyethylene ligands. Figure 4 shows that a sodium
is more polar and hydrophilic than an alkyl group, on cation is taken in with oligo(oxyethylene) chains more
the halogen-exchange reaction may be revealed. In Figsmoothly under anhydrous conditions than a potassium
ure 3, the phase-transfer catalytic activities of resins arecation, although the potassium cation is taken in read-
compared with each other b yield-time curves in  ily with poly(oxyethylene) chains to givéb in a higher
reactions betweeda and Nal in the presence of 1.5 yield above 78% after a 7 h-reaction, as compared with
equiv.OEU. a17% yield using the tri(oxyethylene) analog.

In the reactions ofla using R3a(2/13) and Water molecules existing in the reaction system can
R3a(3/13), the shorter di(oxyethylene) arms had some-dissociate Nal and Kl salts to the ionic species hydrated
what lowercatalytic activity than the longer ones (see with water molecules. Herein, it should be considered
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Figure 4. 1byield-time curves for halogen-exchange reactions Figure 6. 1b yield-time curves for halogen-exchange reactions
of la with 3 equiv. Nal ad KI. For the reaction conditions, see of 1a with Nal in hexane ©, 0, <), benzene@, |, @), and 1,4-
those given in Figure 3.@) Nal, R3a(3/13), (O) Nal, R3a(13/13), dioxane @) usingR3a(3/13) O, @, A), R3a(13/60) (O, W), and

(m) KI, R3a(3/13); and @) Kl, R3a(13/13). TBAB (<, #). Also see reaction condiths given in Figure 3.
100 'Y Py zene than in hexarfeHowever, when using3a(13/60)
I . S in the present study, th&b yield-time curves for the
80 oQ
8o K|
° ; i ® hexane and benzene solvents were comparable to one
5 60 @ o ! another. This may be interpreted by a consideration
@ : : .l .
> 40 % i . Sold that longer poly(oxyethylene) arms can catch sodium
- 3 i cations without solvating the arms even with benzene,
S 64 ui% K1 , . -
20 85t Nl 3 since the arms are self-assembled so rigidly as to form
o ? ; " domains, into which solvent molecules cannot inter-
e — —————— .
0 50 100 180 0 fuse, although shorter oligo(oxyethylene) arms cannot
Amount of MI / mmol per g-Ho0 form such self-assembled domains, resulting in solvat-
Figure 5. 1byield after 7 h for halogen-exchange reactions of m%\;n_e Shorte_rrarms Eaﬁllyf\.lwth. benlzeneh. b
1a with aqueus Nal and Kl solutions using3b(13/60). Also see lamson-Type therification. In ~ the ~ above-

reaction conifions given in Figure 3. ©) Nal and @) KI. mertioned halogen-exchange reaction, water molecules
lowered the catalytic activity of resins, although a trace
whether such dissociated (or hydrated) cations are oamount of water favored the reaction in the case of
not complexed more smoothly with oxyethylene lig- using Kl, e.g., 93 and67% yields oflb with 89 wt%
ands than the cations not dissociated. In Figuréb, aqueous and solid Kl, respectively. To further investi-
yields after a 7 h-reaction are compared with each othegate the influence of water molecules on the catalytic
using solid Nal and KI and their 60—-97 wt% aqueous activity of resins, we used a 60wt% aqueous KOH
solutions in the presence &3b(13/60). Thelb yield solution as a base in the Williamson-type etherification
attained 93% with 89 wt% aqueous KiI, although a se-reactions of benzyl alcohol5) and phenol §) with
ries of the reactions using Nal gave the highest yieldbutyl bromide @). Figure 7 showgd yield-time curves
78% under the anhydrous conditions. for the reaction of5 with 6 using 60wt% aqueous
In general, it is known that a hydrated sodium cation KOH in the presence of 0.76 equiv. OEU Bf3a(3/30)
has a larger radius of 0.217 nm than a hydrated potasandR3a(13/60) in hexane or benzene at°85
sium cation with a 0.175 nm radidsTherefore, under The poly(oxyethylene) pendants &3a(13/60) had
hydrous conditions, the hydrated sodium cation pos-higher catalytic activity both in hexane and in benzene
sessing less surface charge is less favorable for cooperahan the tri(oxyethylene) analogs Bf3a(3/30). Fur-
tive coordination with the oxyethylene ligands than the thermore,7 yields after a 7 h-reaction at S& with
hydrated potassium cation. THé yield-time curves  R3b(13/0) were 86, 67, 67, and 35%, respectively, in
of halogen-exchange reactions in hexane and benzengexane, benzene, diethyl ether, and 1,4-dioxane, indi-
are also shown in Figure 6 to clarify the influence of cating that 1,4-dioxane was inferior to the others as a
organic solvents on catalytic activity of resins. solvent upon cooperative coordination of oxyethylene
As described in the previous paper concerningligands to a potassium cation. This may be interpreted
halogen-exchange reactions usititp in place ofla, by a consideration that the oxyethylene ligands tend to
R3a(3/13) had higher catalytic activity in hexane than be solvated with 1,4-dioxane molecules, which resem-
in benzene, although tetrabutylammonium bromideble the structure of an oxyethylene unit, compared with
(TBAB) showed a much higher reaction rate in ben- the other solvents used. Figure 8 shdvgield-time
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s : resin( K@,z e aver i
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: : : - Scheme 4. Reaction mechanisms for a phase-transfer catalysis
OW‘ forming ethers from hydroxy compounds and alkyl bromides.
0 2 4 6 8 10

Time /h For formation of poly(oxyethylene)-complexed

Flggre 8. _9 yleld-tlme cur\{es fqr Wllllgmson-typg ether- potassium benzyl oxide (KOGI€sHs) andphenoxide,
forming reactions oB with 3 equiv.6 using resins (containing 0.76

eqiv. OEU) with 60wt% KOH in hexane at 6G. () R3b(13/0), two mgchanlsms are conS|d_ered as follows: (1) these

(@) R30b(13/30), (1) R3b(3/0), () R3b(3/30). potassium salts,_generated in a 60 wt% aqueous KOH
layer, are taken in by poly(oxyethylene) ligands to be

curves for the Williamson-type etherification reactions transferred into a resin, and (2) poly(oxyethylene)-

of 8 with 6 using 60 wt% aqueous KOH in the presence complexed KOH gives the potassium salts frérand

of 0.76 equiv. OEU ofR3b(31) and R3b(13/1),1 = 0 8 dissolved in an organic layer present in the resin

and 30, in hexane at 6C. (Scheme 4).

Poly(oxyethylene) chains, bound in resins, In the previous study, styrene was produced from
R3b(13/0) and R3b(13/30), in the form of cross- (2-iodoethyl)benzene in a low yield of 23% us-
linking, showed high catalytic activity in the ether- ing R3a(3/13) in 60wt% aqueous KOH and hex-
forming reactions, indicating obviously that the  ane, indicating that the hydroxide counteranion, which
content inR3b(13/0) andR3b(13/30) did not affect was accompanied into an organic layer by the
the catalytic activity of poly(oxyethylene) chains, poly(oxyethylene)-complexed potassium cation in the
either. However, the corresponding tri(oxyethylene) same manner as shown in Mechanism (2), acted
chains of R3b(3/0) and R3b(3/30) hardly had such as a strong base to abstract tfeproton of (2-
catalytic activity, being ascribed to the fact that theseiodoethyl)benzene existing in the organic layer in a
oxyethylene segments are close to the alkyl spacers, a®sin. On the other hand, Mechanism (1) is sup-
described for interference by the spacer and terminaported from the following finding. When 3-methyl-
butyl groups adjacent to the oxyethylene urfitslore- 3-hydroxymethyloxetane was allowed to react with
over, the poy(oxyethylene) chains used in benzene hada 3 molar amount of 1,4i#dromobutane by phase-
the catalytic activity comparable to that observed in transfer catalyses usirg3a(13/60) andR3b(13/0) in
hexane. These findings indicate that the coordinatingthe 60 wt% aqueous KOH and hexane laydis was
ability of poly(oxyethylene) chains are not affected detected by glpc in a range of 60-69% yield. Since
even by benzene, although influenced moderately by3-methyl-3-hydroxymethyloxetane is hydrophilic, this
1,4-dioxane, possibly due to forming domains of the alcohol tends to dissolve in the aqueous layer rather
self-assembled poly(oxyethylene) segments. than in the hexane layer. The corresponding alkoxide

Polym. J., Vol. 34, No. 12, 2002 949
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Table I11. Elimination ofla or 1b to 10 with R3b(13/60}
Entry Halide Time/h 10 yield®/%
1 1a¢ 8 0
2 la 10 7
3 la 21 17
4 1b 5 7
5 1b 12 32
6 1b 15 36
7 1la® 6 14

a1b, 0.31g (11 mmol); 0.31 g (corstining 3.1 mmol
OEU); NaOH, 1.28g(32mmol); hexane, 5&mn-
CusHszo, 0.169; e&mp, 60°C. "Determired by glpc
(n-C14H30 as an internal standard).°Without PTC.
disolated yield. *An one-pot two-stage reaction using
lain place oflb. Also seethe experimental section.

anion generated in the aqueous layer is caught with

poly(oxyethylene) ligands in the aqueous layer or on

R100@ :
2
+— 80 i
o o |
@ |
T B0 |gu- R
£ ®
§ 4@ PR
5 0]
B 20 }rp A CER—
o s : °
=S ; y
S oé A h

0 5 10 15

Time/h

Figure 9. 10yield- and remainder aofb-time curves for elim-
ination reaction oflb to 10 using R3b (13/60) (containing 3.0
equiv. OEU) in hexane at 6@ with 29 equiv. solid NaOH.©) 10
and (@) 1b.

¢
CHoO(CHp)p—CH-—CHo-

the interface between the aqueous and organic layers, 16 H D pathb
and then transferred to the organic layer. Aci@imay {_oHO,,
also give the ether produc®, via Mechanism (1), al- path a resinﬁ'(’
though hydrophobic, neutral alcohd@, seems to give

the ether product7, via Mechanism (2). Since the l”a”'a
alkoxide counteranions are more hydrophobic than the path b s

halogen analogs, the former is not so hydrated as the rj“CHZO(CHZ)TCH:CHZ
latter is, when these anions are transferred to the or- 0 10
ganic layer. Therefore, the alkoxide counteranions can CH3

hold their nucleophilicity upon the etherification in the CH,O(CHo)2—CHp—CHoOH
ogranic layer, even under the hydrous conditions using o 14

60 wt% KOH. Although the hydroxide counteranion of
resin-complexed KOH is also more or less hydrated in

the organic layer, such a counteranion can act as a base

with basicity higher than that of the hydroxide anion
hydrated sufficiently in the aqueous layer.

Elimination of 1la or 1b to 10 with a Polymeric
PTC. In the previous studyR3a(3/13) was used
as a polymeric PTC for elimination reactions of (2-
bromoethyl)benzene, giving styrene in 9 and 0% yields,
respectively, using 60 wt% aqueous KOH and 50 wt%
aqueous NaOH as a basdn the present study,
R3b(13/60) was examined as a polymeric PTC for
elimination of halidesla and1b, to an dkene,10, us-
ing solid NaOH as a base, althou@idwas not formed
when 50 wt% NaOH s used. The results for the elim-
ination reaction are shown in Table III.

Thus,10 was given from iodidelb, in 36% yield af-
ter 15h at 60C and in17% yield after 21 h even from
bromide,la (Entry 6 and 3). Yields 010 and remain-
ders oflb are plotted towards time for data of Entry 5,
as shown in Figure 9, whefd is detected in 32% vyield
after 12 h, whereatb is hardly left after the same reac-
tion time. The pot residue of this reaction was analyzed
by *H NMR spectroscopy and, consequently, identified
to a bisoxetanel5, formed by phase-transfer catalysis

950

1b resin(K®) OHe

CHs
( gj—CHzo(CHQZCHzCHZ}O
2
15

Scheme 5. A mechanism for forming alkend0, and eher,15,
from 1b with KOH in the presence of a polyoxetane—polyoxirane
resin.

of 1b with an alcoholic intermediatd4, which may be
derived from another molecule db by nucleophilic
substitution with a hydroxide counteranion, as shown
through a patlo in Scheme 5.

From these findings it is suggested that the hydroxide
counteranion of poly(oxyethylene)-complexed NaOH
could act not only as a base but also as a nucleophile
producing an alcohol.

C-Alkyldion Reactions of Diethyl Malonatell)
with Alkyl Halides Using PTC Resins.The results are
shown in Table IV.

Octyimalonic acid (3a), but not the ester, was iso-
lated in 21% yield from the resultant mixture of a reac-
tion of 11 with 12b using R3b(13/0) with 50% aque-
ous NaOH in hexane at 3& for 2h (Entry 2), al-
though no C-alkylation products were obtained with-
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Table IV. C-alkylation of11 with 12b in the presence dR3b(13/)?

Entry Resin Base Hexane Temp Time Yield®/%
cm? °C h 13a 13b
1 None 50% NaOH 3 35 2 0 0
2 R3b(13/0) 50% NaOH 3 35 2 21 0
3 R3b(13/0) 50% NaOH 10 35 2 12 0
4 R3b(13/30)  50% NaOH 10 15 4 4 0
5 None solid KOH 18 60 3.5 0 0
6 R3b(13/30) 60% KOH 3 35 2 3 0
7 R3b(13/60) solid KOH 18 60 3.5 12 54
8 R3b(13/60¥ solid KOH 5 60 3.5 0 >og

311, 1.4mmol; 12b, 2.9mmol; OEU, 4.7 mmol; base, 89 mmdiDetermined from the
total weight andH NMR spectrum of a product mixture separatétil, 2.3mmol; benzyl
chloride, 4.5 mmb OEU, 2.5 mmd; base90 mmol.Diethyl dibenzylmalonate.

1 ) drolysis of the esters. Bromidé&2a, used n place of
| GHa(CHCH3 o CHa(CHa)eCH3 the iodide,12b, diql not give_any prO(_JIuct, due t_o th_e
4 (9T QH GHCOaE fact that the bromine atom is a leaving group inferior
‘/\SD.CH(C%Et)z Eo\li(@“'oj 3L, to the iodine atom. In Entry 8, when benzyl chloride
l"‘*o/\/ \;‘(@5:'0 o 0-"i o7 OEt was used as an alkyl halide, diethyl dibenzylmalonate
o100 0\) <>’\) was obtained in the nearly quantitative yield. This re-
Q o, 0 0 O . . . . . .
" K,O\) o] \’\o/\/ “‘"“m% sult is ascribed to considerations that benzyl chloride is
s a hghly reactive substrate as well as that the benzyl-
L Resin backbone pacer ) substituted malonates are unsusceptible to alkaline hy-

drolysis due to the steric hindrance and hydrophaobicity
of the benzyl moiety.

In conclusion, polyoxetane resins with the pendant
and cross-linked poly(oxyethylene) chains were pre-
out resin under the same reaction conditions (Entry 1pared by ring-opening polymerization of the oxetane
and 5). Thel3a yield was decreased to 12% yield by moieties and used well as polymeric solvents for alkali-
lowering reactant concentrations (Entry 3) and furthermetal ions,as shown by using the resins as a PTC in
to 4% yield both by increasing th&unit to 30 mol%,  several organic reactions.

i.e, with R3b(13/30), and by lowering reaction tem-  Severalypes of insoluble polyoxirane-bearing resins
perature to 18C (Ertry 4). Moreover, when the same have already been examined in phase-transfer cataly-
resin,R3b(13/30), was used with 60% aqueous KOH, sis. Especially, pendant polyoxirane chains are used
only 3% yield of 13a was observed in spite of raising conveniently as a PTC by immobilizing to divinyl-
temperature and reactant concentration from those irbenzene (DVB)-cross-linked polystyrenes, which have
Entry 4 (Eriry 6). However, wherR3b(13/60) was been widely used as a supporting maffix! In the
used with solid KOH at 60C, both 13a and dioctyl-  halogen-exchange reaction, the catalytic activity of
malonic acid (13b) wereobtained in 12 and 54 yields, the pendant tri(oxyetylene) chains anchored to a 17%
respectively, even at lowered reactant concentration®VB-cross-linked polystyrene was somewhat inferior
(Entry 7). Thus, the product yield is influenced by such to that of the analogous pendants R8a(3/13) and
factors & reaction temperature, reactant concentration,the polystyrene resin was brittle, as suggested from the
base, and degree of cross-linking. Among these fac-observation that the resin was ground to powder dur-
tors the temperature seems the most important. The softg agitation with a stirring baf. However, the pen-
polyether network of the resin becomes so expanded atlant penta(oxyethylene) chains immobilized to 1-2%
higher temperature as to smoothly take in both ionicDVB-cross-linked polystyrenes indicated higher phase-
species and2b into the reaction stage formed in the transfer catalytic activity upon nucleophilic substitu-
resin, as illustrated in Scheme 6. tion of 6 with anhydrous sodium phenoxide in refluxing

However, mdonic acid gave no products under toluene® In the same reaction in water beside toluene
these reaction conditions, indicating that the potassiunsolvents, the pendant poly(oxyethylene) chains immo-
enolates generated from estefd, and its C-octyl- bilized to cross-linked polymethacrylate resins also
substituted derivative, are allowed to react wiikb formed7 at higher relative rates compared with those
very rapidly upon the C-alkylation before alkaline hy- of the poly(oxyethylene)s not immobilized to the poly-

Scheme 6. Schematic diagram for interpreting C-alkylation of
11 with 12b with polyoxetane resins having oxyethylene units in
the pendat and cross-linking chains.
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mer marices!? When 2bromooctane was heated with were pacedla (5.0g, 21.0 mmol), polyethylene gly-
60 wt% aqueous KOH in the presence of polystyrene-col 600 (5.0g), TBAB (0.269g, 0.81 mmol), 60wt%
linked oxyethylene segments in hexane at@pa mix-  aqueous KOH (22.0g), and hexane (172ym The
ture of 1- and 2-octenes was formed in 82% yield, butcontents were stirred at the refluxing temperature for
not 2-octanoBalthough, in this work, a polyoxirane— 15h. Water (17 ci¥) was added to the reaction mix-
polyoxetane composite resin gave the alcoholic inter-ture, cooled by an ice-bath, and extracted with ether.
mediate, 14, from the iodide,1b, with solid NaOH. By evapoating the ether layer 5.1 g (about 67% yield)
The Calkylation reaction system using polyoxirane— of 3b(13) was left as a pot residue: IR (neat) 1110
polyoxetane composite resins has not yet investigated(@cyclic ether) and 980 and 838 cin(cyclic ether);

to our knowledge, whereas C-alkylated malonic esters’HNMR (CDCl3) 6 = 1.30 s, 6H, CHg), 1.6-1.7 fn,
were given from 11 with shorter alkyl halides in good 8H, -OCHx(CH,)>CH,0-], 3.4-3.7 [64H:s and m,
yield by the ordinary phase-transfer catalysis with tetra-—CHOCH, (CH).CH,O(CH,CH,0);5-], and 4.43
butylammonium hydrogen sulfate in the DCM organic and 4.9 (AB-q, each 4H,J = 6.0 Hz, CH of the oxe-
and 7 wt% NaOH aqueous layérs. tane ring).

Furthermore, the PTC resins used in this work 3a(13): about 51% yield; IR (neat) 1110 (acyclic
could catch not only sodium cations but also potas-ether) and 980 and 838 ct(cyclic ether);'HNMR
sium cations smoothly and showed catalytic activi- (CDClz) ¢ = 1.30 s 6H, CHg), 1.6-1.7 fn,
ties comparable to each other in hexane and ben8H, -OCHy(CH;).CH,O-], 3.4-3.7 [57H: s and
zene solvents, although potassium cation and benm, —CHOCH(CHz),CH,O(CH,CH,0),30CH;], and
zene were not effective as an ionic species or a4.34 and 4.50 (ABg, each 4H,J = 6.0 Hz, Ch of the
solvent under the conditions using the analogousOxetane ring).
resins with olig(oxyethylene) pendants, suggesting that 3b(3): about 80% yield; IR (neat) 1110 (acyclic
the poly(oxyethylene) chains supported by polyoxe-ether) and 980 and 838 cth(cyclic ether);*HNMR
tane backbones had a structure different from thosdCDCls) ¢ = 1.30 (5, 6H, CHg), 1.6-1.7 fn, 8H,
of the analogous oligo(oxyethylene) chains. The-OCH;(CH).CH,O-], 34-3.7 [24H:s and m, —
poly(oxyethylene) chains may have a tendency to self-CH2OCH,(CH2),CH.O(CH,CH,0)s-], and 4.34 and
assemble, as known in general for crystallized poly-4.50 (AB, each 4H,J = 5.6 Hz, CH of the oxetane
oxirane!* Such self-assembled poly(oxyethylene) seg- fing).
ments, which are formed in hydrophobic cross-linked 3a(2) and 3a(3) were obtained according to the
polyoxetane matrices, prevent even good solvents, suciethod reported in literaturé.
as benzene and water, from interfusing thoroughly into  3-(4-lodobutoxymethyl)-3-methyloxetari®d),  O-
the poly(oxyethylene) segments. Moreover, elastichtained in 90% yield by heating the corresponding bro-
polyoxetane matrices may play an important role in giv- mide, 1a, (5.0g, 2 mmol) with KI (35.0g, 0.21 mol)
ing domains, which can take in the reaction species, byin acetone (50cr) at the reflixing temperature for
relaxing attractive interaction forces in some parts of 24 h, followed by post-treating the reaction mixture
the self-assembled poly(oxyethylene) segments. Addiin the ordinary way: bp 71-7% (024-0.28 Pa);
tionally, the PTC resins could be used in the presentR (neat) 1115 (acyclic ether) and 980 and 835tm
phase-transfer catalyses repeatedly at least four or fivécyclic ether)®H NMR (CDCls) 6 = 1.31 (5, 3H, CHg),
times after ready recovery by filtration from the reac- 1.6-1.7 fn, 2H, O(CH;)2CH, CHl], 1.8-1.9 n, 2H,
tion mixture. Thus, the polyoxirane—polyoxetane com- OCHCH, (CHp).l], 3.23 [t, 2H, J = 6.8 Hz, O(CH)3
posite resins being soft, not brittle, and alkali-resistantCHol], 3.42-3.58 [4H6 = 3.47 (5, CH,0 (CHp)al); 6 =
are regarded as polymeric media with ion-affinity and 3.50 ¢, J = 6.2Hz, CHO CH, (CHy)3l)], and 4.36 and
-transferring ability in the manner of cooperative coor- 4.50 (eab 2H, AB-q, J = 5.7 Hz, CH of the oxetane

dination with oxyethylene units. ring).
3-(3-Butenyloxymethyl)-3-methyloxetad@)( Ob-
EXPERIMENTAL tained in 36% vyield by stirrindb (1.21 g, 424 mmol)
in hexane (14 c®) with NaOH (4.73g, 0.12mol) in
Materials the presace ofR3b(13/60) (1.28 g, 12.96 mmol OEU)

Monomers,3a(13), 3b(3), and3b(13). The prepa- at 60°C for 15h, followed by post-treating the resul-
ration of 3b(13) is described for the typical proce- tant mixture in the ordinary way: bp 32-36 (8-
dure, as follows: in a 50 cPround-bottomed flask 11 Pa); IR(neat) 1640v¢_c) and 980 and 840 cmt

equipped with a reflux condenser and a stirring bar,(cyclic ether);'HNMR (CDCl) 6 = 1.31 (5, 3H, CHg),
235 (n, 2H, ~CHCH = CHp), 3.49-3.53 (4H's and
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t, CH,OCH,CH,CH = CH,), 4.35 and 4.51 (each 2H,
AB-q, J = 6.0Hz, ChH of the oxetane ring), 4.99-5.16

(2H, m, —=CH = CHp), and 5.64-5.98 (1Hm, —CH=
CHy).

Diethyl Dibenzylmalonate and Octyl- and Dioctyl-
Diethyl dibenzyl-
mdonate was prepared according to literatt& The
madonic acids were obtained by alkaline hydrolysis of

malonic Acids {3a and 13b).

1b was effected as followsla (0.26 g 1.1mmol) was
converted talb by the same way as above-mentioned,
although 0.31g (3.1 mmol OEU) dR3b(13/60) was
used, and subsequently stirred with solid NaOH (1.1 g,
28 mmol), added directly into the reactor, at°@for
additional 6 h. The resultant mixture was post-treated
similarly.

C-alkylation of 11 with Alkyl Halides. A typical

the corresponding diethyl esters (3.8 mmol) with NaOH procedure is as follows: in a 50 émmound-bottomed

(2.1 g) in refluxing ethanol (15 ctpfor 2 h.

13a: 85% vyield; mp 113-118C (chlordorm-
hexane); IR (KBr disk) 3300-250Q/¢H) and 1700—

1680cm?! (vc-0); 'HNMR (CDCk) 6 = 0.88 ¢,
3H, J = 7.3Hz, CH;), 1.14-1.26 fn, 12H, -ChH
(CH,)sCHs], 1.78-1.93 fn, 2H, —CH (CH,)sCHs],
and 351 ¢, 2H, J = 7.3 Hz, CH).

13b: 75% vyield; mp 75-77C (chlordorm); IR (KBr
disk) 3300-2500on) and 1700-1680 cmt (vc—o);
'HNMR (CDCl) 6 = 0.88 (t, 6H, J = 7.3Hz, CHp),
1.14-1.26 ijn, 24H, —CH (CH,)sCHg], 1.78-1.93 fn,
4H, —-CH (CHy)sCHj3].

flask equipped with a reflux condenser and a stirring
bar, R3b(13/60) (0.46 g, containing 4.7 mmol OEU),
11(0.23g, 144 mmol), 12b(0.70g, 291 mmol), KOH
(5.0g, 89mmol), and hexane (5 cthwere plaed. The
contents were stirred at 8C for 3.5 h and then cooled

in an ice bath to be acidified with concentrated HCI
at pH 4. The resin was removed by filtration and the
filtrate was extracted with ether. After the ether layer
was evaporated, the residue was recrystallized from
chloroform-hexane and the resulting white solid was
subjected tdHNMR aralysis to determine &3a:13b
molar ratio.

Other eagents and solvents were obtained as com-

merdal chemicals and used without further purifica-

tion.

Polynerization
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