Polymer Bulletin 15, 485490 (1986) Pulvmer Bulletin
© Springer-Verlag 1986

Polymer-Supported Oligo(N-Acetyliminoethylenes)
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Summary

Oligo(N-acetyliminoethylenes), both free and gra... .
polystyrene, polymethacrylate and cellulose were prepared by
the ring-opening polymerization of 2-methyloxazoline. Their
phase transfer catalytic activity in nucleophilic substitution
reactions was examined.

Introduction

Polymers functionalized with groups having the dipolar
aprotic solvent structure are active as catalysts in nucleo-
philic substitution reactions. Such polymers called solid sol-
vents or solid cosolvents accelerate reactions of anions with
organic substances performed in a two-phase or three-phase
arrangement. Active functional groups are, e.g., hexamethyl-
phosphortriamide (1,2), dimethyl sulfoxide (3) or glyme ana-
logs (4). N,N-dialkylcarboxamides rank among the most import-
ant dipolar aprotic solvents. Of their polymer analogs, only
poly(N,N-dialkylacrylamides) (5), poly(N-vinylpyrrolidone)
(6,7) and poly [N-methyl-N-(p-vinylbenzyl)formamide] (8) have
been studied.

In this communication, oligo(N-acetyliminoethylenes) with
the structure (N(COCHB)CHECHg)n or those immobilized on a pro-
per polymer carrier are described. The preparation of these
polymeric models of N,N-dimethyl- or N,N-diethylacetamide, as
well as their use as catalysts in some nucleophilic substitu-
tion reactions, both in a two-phase and three-phase arrange-
ment, is reported.

At the same time, the effect of the polymer carrier and
the effect of the multiplicity of active groups (n) on their
catalytic activity are examined.

Experimental
Materials

la chloromethylated styrene - divinylbenzene copolymer,
Cl content 19.82%, surface area 0.01 mg/g; 1b chloromethylated
mag¢roporous styrene - divinglbenzene copolymer, Cl content
17.45%, surface area 10.3 m</g; lc tosylated macroporous 2-hy-
droxyethyl methacrylate (76%) - ethylene dimethacrylate (24%)
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copolymer was prepared by a reaction of the copolymer with an
equimolar amount of p-toluenesulfochloride in dry pyrldlne,

S content 4,72%, N content 0.82%, surface area 21.7 me/g; 1d
macroporous copolymer 2-(l4-toluenesulfonyloxy)ethyl metha-
crylate - ethylenedlmethacrylate, S content 5.42%; surface
area 52.5 m2/g; le macroporous copolymer 2.3-epoxypropyl meth-
acrylate (60%) - ethylene dimethacrylate (UO?), surface area
54,3 m2/g; 1f tosylated cellulose prepared by a reaction of
bead cellulose with an excess of p-toluenesulfochloride in dry
pyridine, S content 6.35%; N,N-diethylacetamide, prepared from
diethylamine and acetic anhydride, b.p. 181°C, assay (GLC)
96.2%; 2-methyloxazoline, prepared according to the literature
(9), dried with molecular sieves, assay (GLC) 99.1%.

Preparation of polymeric catalysts

A mixture of the alkylating polymer la-1f and 2-methyl-
oxazoline (in molar ratios 1:20 to 1:30 for 1a, lb le, 1:50
to 1:80 for lc, 1d, 1f) was heated while shaking in a sealed
ampoule to 80 C for 25 h. Homopolymer (3) of 2-methyloxazoline
was dissolved in methanol, and the graft copolymer (2) was
extracted with methanol in Soxhlet apparatus for 12 k. Homo-
polymers (3) were obtained by evaporatlng methanolic solutions.
All polymers were dried in vacuo at 50°C. Properties of the
products are given in Table 1.

Table 1. Properties of polymeric catalystsa

No. N NACCH,CH,  nP No. N NACCH,CH, nb
% mmol/g % mmol/g

2a  11.95° 8.53 5.6 2r 9.11° 6.50 7.4

b 6.589 4.70 1.6 .

2c  7.56 5.40 6.8 3c 15.38T>7  10.99 -

24 7.46 5.32 5.8 3a 15.61%5% 11.15 -

2 2.05 1.46 - 3r 14871 10062 -

All 2 % 3 strongly absorb in the IR region at 1635-1640

cm” 4. Average degree of polymerization of grafts (n) was

calculated from N and C1 (or S) contents of polymers 2 and 4,
respect%vely. Cca content 1.85%. Cl content 7.43%. eg content
2.42%. .p. 70-93°C., BM.p. 110-125°C. DM.p. 50-65°C. INMR
data (CDCl ) for 3 : 7.93(s), CH3CO; 6.61(s), CHp; intensity
ratio 3:

Catalyzed reaction of 1-bromooctane with nucleophiles

A mixture of the polymer catalyst and a solution of 1-
-bromooctane in 1,4-dioxane or toluene was stirred magnetical-
ly (Teflon rod 10 mm) at the reaction temperature for 30 min.
After adding a solution of nucleophile in dioxane or toluene
and dodecane as an internal standard, the reaction mixture was
intensively stirred (600 rpm) at the reaction temperature and
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Table 2. Oligo(N-acetylimincethylenes) as catalysts in
reactions of octyl bromide with nucleophiles

a a b

Cata- KSCN Nal PhONa
lyst yieldc rel.® yieldc rel.® yieldd rel.®

% activity % activity % activity

2a 14 1.0 8 1.0 19 1.0
Zb 7 0.9 4 0.9 2} 2.3
2c 22 2.5 11 2.2 72 6.0
2d 16 1.8 2 0.4 61 5.1
2e 18 7.3 10 7.1 25 7.4
27 10 0.9 1 0.2 17 1.2
3c 35 1.9 14 1.4 46 1.9
2d 2 0.1 2 0.2 20 0.8
3 26 1.5 9 0.9 40 1.7
AcNE?, 48 3.4 il 0.5 85 4.y
PS- DVBf <1 - 0 - 10 -
HEMA® 3 - 2 - 20 -
Ok 6 - 0 - 11 -
none 0 - < 1 - 9 -

& 0.5 ml 0.6M octyl bromide in toluene, 50 mg catalyst, 1.0 ml
aq. 6M KSCN or 6M Nal, 100°C. P 0.5 ml 2M octyl bromide in
1,4-dioxane, 25 mg catalyst, 0.5 ml 0.5M sodium phenoxide in
1,4-dioxane, 75°C. ©C After 48 h. ¢ After 22 h., © See Expe-
rimental. I Styrene-2% diviny%benzene copolymer. & Separon

H 100 (see 1c in Materials). Bead cellulose.

analyzed by GLC. The reaction yields were calculated from con-
centration of octyl derivatives and from the 1-bromooctane
decrease. The specific yields were obtalned by calculating the
yields per 1 mmol of N(COCHsz )CHZCHZ grouping present in the
catalyst. The relative act1v1t1esof catalysts were obtained

by dividing the individual spec1f1c yields by the specific
yield of reaction performed in the pbresence of the polystyrene
-based catalyst Z2a (its relative activity is arbitrarily put
to unity).

Results and Discussion

One of the ways for improving the activity of catalyst 1is
enhancement of the local concentration of catalytically active
groups. This can mostly be achieved by building them on or
into a polymer chain. Another possibility of modifying the
activity of a catalyst is a change in the polarity or hydro-
philicity (hydrophobicity) of the microenvironment of cata-
lytically active groups. In the case of immobilized polymer-
supported catalyst this can be achieved by an appropriate
choice of the polymer carrier.
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The N,N-dialkylcarboxamide grouping Y4 present in the
best dipolar aprotic solvents (N,N-dimethylformamide, N,N~
-dimethylacetamide, N,N-diethylacetamide, N-methylpyrrolidone)
can be arranged into a polymer chain by connecting either acyl
or amine carbon atoms. Poly(N,N-dialkylacrylamides) 5 derived
from the grouplng 4 py connecting acyl moieties to the ali-
phatic main chain proved to be solid phase cosolvents (5) By
connecting amine alkyls, a polymer chain of the type 6 is
formed. As far as we know, the catalytic activity of This type
of substances has not yet been examined.

e
cC-C - N\ ~0H2(':H~ ~C - N-C~
o CONR, COCH,
4 5 6

The catalysts-oligo(N-acetyliminoethylenes), free (3) or
grafted on various polymer carriers (2), were prepared by the
reaction of polymeric alkylating derivatives 1 with 2-methyl-
oxazoline (Eq.1)

(®)rx + CH -l\ ] — (:)—(NCH CH,) X + (NCH,CHy) -~ (1)
I

C
CO H3 COCH3

1 2 3
where (:) denotes the polymer skeleton (crosslinked polysty-
rene, crosslinked polymethacrylate, cellulose) and X is the
alkylating group (chlorine, tosylate, epoxide). This grafting
reaction has been described in the literature for crosslinked
polystyrene (10) and PVC (11). Grafted copolymers 2¢-2f in
Table 2 have not been described up to the present Time. The
average degree of polymerization in grafts was calculated from
the nitrogen content in products 2 and from the chlorine or
sulfur content in the starting polymer 1, assuming that all
alkylating groups present initiate the polymerization of 2-
-methyloxazoline. The graft length (n in Table 1) in polymer -
supported catalysts is rather small (cf. ref. 10), obviously
due to an insufficient excess of 2-methyloxazoline relatively
to the initiating alkylating groups of the polymer carrier and
to contaminants present in the starting 1. In all grafting
reactions, homopolymer (3) of 2—methy10x§zoline is formed. In
the preparation of 2¢, 24, 2f the conversion of 2-methyloxa-
zoline to the homopolym@? goes up to 20 - 30%, obv1ous1y be-
cause of the initiation with traces of acid formed in the
synthesis of the corresponding alkylating polymers.

The synthesized free 3 and polymer-supported oligo(N-
acetyliminoethylenes) 2 were tested as catalysts in the
reactions (2)-(4) -

H17Br + KSCN — 08H17SCN + KBr (toluene—H2O) (2)
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C8H17Br + Nal —> 08H17I + NaBr (toluene-H2O) (3)
C8H17Br + 06H5ONan—€> 08H17OC6H5 + NaBr (dioxane) €]

The activity of the catalysts was evaluated by determining
vields of the reactions performed under standard conditions.
Residual alkylating groups in the catalysts may compete with
octyl bromide in its reactions with nucleophiles, and thus
affect the yields. This distortion is apparently not essen-
tial, due to small amounts of the catalysts used and due to
the assumed inaccessibility of the residual alkylating groups.
Evaluation of relative activity of the catalysts in the reac-
tions is rather a difficult task, due to different polymer
carriers and to the broad range of loading of the active
groups. In the end, the relative activities were calculated
from the specific yields (see Experimental). The relative
activities thus obtained are doubtless a rough measure: they
suffer from unprecise analyses, different accessibility, mu-
tual influence of the active groups, and other factors. In
spite of this, it is possible, basing on the relative activ-
ities of the catalysts, to draw some qualitative conclusions:
- Of the peolymer-supported catalysts, the ones with the poly-
methacrylate skeleton are generally the most active. At the
same time, under the conditions of three-phase catalysis (Eq.
2 and 3) the most active catalysts are those with a low load-
ing of N-acetyliminoethylene groups, in two-phase reactions
(Eq. 3) those with both low and high locadinsg.

— Non-supported oligo(N-acetyliminoethylenes) are generally
little active. In spite of that, due to a considerable cumu-
lation of the active groups, they can give fair yields of pro-
ducts. Their drawback is a considerable solubility in water or
dioxane, consequently, their recoverability is practically im-
possible.

- Polystyrene-supported catalysts, both micro- and macropo-
rous, are in all reactions relatlvely little active.

- Cellulose-supported catalyst is little active in all reac-
tions (in accord with ref. 12).

The catalytic activity of a polymer-supported phase
transfer catalyst is affected by many factors, such as chemi-
cal structure of the carrier, its hydrophilic or hydrophobic
properties, porosity, degree of crosslinking, concentration
and distribution of active groups. Hence, it is very difficult
to draw general conclusions about the effect of a single fac-
tor. Nevertheless, it seems (cf. catalysts 2c and 2¢) that
cumulation of N(COCH )CHECHz active groups iIn polymer-support-
ed catalysts does no% bring about any significant enhancement
of their activities, at least in the three-phase arrangement
(cf. an analogous adverse effect of cumulation of sulfoxide
groups in DMSO-immobilized catalysts (13)).

The results roughly confirm the findings of other authors
(8,14) and ours (3) about the adverse effect of the absence of
hydrophobic domains in a catalyst on its solid solvent activ-
1t§ in nucleophilic substitution reactions (see 2f, 3c, 34,
3f
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