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The kinetic study of the enarvloxynitriles via the nucleophilic vinylic substitution reaction of various phenol
derivatives with L-chloro-1-phenyl-2.2-dicvanoethene (1) was conducted in the presence of |.4-diazabicyc-
lo[2.2 2]octane (DABCO). Nucleophilic vinylic substitution of phenol derivatives with electrophilic olefins
carrying sluggish leaving group involves a third-order reaction. The reaction was applied to solution polymer-
ization of diphenol derivatives with p-bis( L chrolo-2.2-dicyanovinyl)benzene (2). which yielded various poly-

enaryloxynitriles with moderate molecular weight.

Introduction

An early attempt to characterize the behavior of atoms in
an atom assembly by a parameter was the concept of electro-
negativity formulated by L. Pauling.! One of the most power-
ful electronegativity-enhancing groups 1s the cvano group.
The more C=N groups a carbon atom bears, the greater will
be its attraction for electrons. Dicvanomethy lidene (=C(CN)-)
group and the carbonyl oxvgen atom have similar inductive
and resonance effects. The dicvanomethylidene group can
be considered structurally equivalent to the carbonv] group
In reactions where the two functional groups have similar
inductive and resonance effects.™ Many well-known reac-
tions with carbonyl groups mcluding Fries shift. Friedel-
Crafts synthesis and Curtius-analogous rearrangement have
been shown to have close parallels with the dicvanometh-
vlidene group.’ Thus. enarvloxvnitriles can be considered
analogous to ester.

Nucleophilic vinylic substitution reaction of 2,2-dicvano-
vinyl chloride occurred by various mechanistic pathways. In
the most investigated addition-elimination route, the primary
nucleophilic attack on the double bond is followed by an
expulsion of the leaving group. ™! 2 2-Dicyanovinyl chlo-
ride reacts with amine. in most cases by a two step addition-
elimination mechanism. to produce enaminonitrile '~ Phen-
oxide have been considered as nucleophiles for the enaryl-
oxvnitriles. which has been applied to the interfacial poly-
merization of diphenol derivatives with p-bis(1-chrolo-2.2-
dicyanovinyl)benzene to give polyenaryloxynitriles.'*' But
phenol itself can react with dicvanovinyl chloride in the
presence of tertiary amine as if the acid chloride reacted with
phenol derivatives.

DABCO catalyzed nucleophilic vinylic substitution reac-
tion of 1 with various phenols has been recently carried out
to form enarvloxynitriles derivatives. ™ This synthetic method
can be applied fo the preparation of polyenaryvloxynitriles by
solution polymerization technique.

This article deals with the preparation of polvenaryloxy-
nitriles wa the nucleophilic vinylic substitution reaction of
diphenols with 2 along with the kinetic study of the reaction
of 1 with phenol derivatives in the presence of DABCO.

Experimental Section

Materials and Instruments. 1-Chloro-2.2-didicyanoethene
(1) and 1.4-bis(1-chloro-2.2-dicyanovinyl)benzene (2) were
prepared by the literature method reported previously.'s
Phenol. p-methoxyphenol, p-hydroxybenzaidehvde, p-mtro-
phenol, 1. 4-diazabicyclo[2.2,2]octane. bisphenol A. (Aldrich
Chem. Co.) were used without further purification. 1,5-Bis
(p-hdroxyphenoxy)pentane was prepared by the method pre-
viously reported.”! N-Methyl-2-pyrrolidinone (NMP) was puri-
fied by vacuum distillation after drying by azeotropic distil-
lation with benzene using Dean-Stark separator.

'H NMR and '“C NMR spectra were recorded on a Varian
Genmuni 2000 spectrometer. Founer-transform infrared (FT-
IR) spectra were taken on a Midac model M-1200 spectro-
meter. The gas chromatogram were obtained with a Vanan
star 3400 gas chromatography (GC). Elemental analysis data
were obtamed with Yanaco-MT-3 CHN analyzer.

Representative Preparation of 1-Phenoxy-1-phenyl-
2.2-dicyanoethene (3). In a three-necked round-bottomed
flask equipped with a dropping funnel. a condenser and a
nitrogen inlet system. was placed a solution of phenol (0.25
g. 2.65 mmol) and DABCO (0.30 g. 2.65 mmol) in dry NMP
(10mL). After the solution was purged with nitrogen. a solu-
tion of 1 (0.3 g. 2.65 mmol) in NMP (10 mL) was added
dropwise at 20 °C for 3 min. The stirred mixture was heated
to 60 °C and maintained for 24 h. After the reaction mixture
was subsequently poured into water. the powdery product
was filtered and was recrystallized from isopropyl alcohol.
The similar procedures were applied to synthesize other
enaryloxynitriles 4-6.

3: Yield 83%. mp 139.3-140 °C. IR (KBr): 3022 (C-H).
2219 (C=N). 1383 (C=C). 1250-1100 (C-O) cm™'. 'H NMR
(CDCls) § 7.4-7.7 (m 3H. Ph-). 7.0-7.2 (m. 5H -O-Ph). C
NMR (CDCls) & 71.2 (=C(CN)»). 111.3. 113.1 (-CN). 122 5.
128.0.129.6.130.1. 132.8. 151 5 (aromatic C's). 180.7 (=C-O-).

4: Yield 93%. mp 148 °C. IR (KBr): 3027 (aromatic C-H).
2980 (aliphatic C-H). 2223 (C=N). 1363 (C=C). 1224-1120
(C-0) em™. "H NMR (CDCls) § 7.5-7.7 (m. 3H. Ph-). 6.9-
7.2 (m. 4H. -O-Ph-OCHa). 3.7 (s. 3H. CH-O-Ph-).

8: Yield 73%. mp 130 °C. IR (KBr): 3022 (C-H). 2221
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(C=N). 1580 (C=C). 1782 (C=0), 1280-1120 (C-O) cm™".
'H NMR (CDCls) 6 9.9 (s. lH. Ph-CHO), 7.3-7.5 (m. 5H.
Ph=). 7.7-7.9 (m, 4H. -Ph-CHO).

6: Yield 68%. IR (KBr): 3022 (C-H). 2221 (C=N). 1580 (C=
C), 1552 (N=0). 1250-1120 (N-O. C-Oand C-N) em™. '"HNMR
(CDCl3) 67.5-7.8 (m, 5H, Ph-). 8.1-8.4 (m, 4H, -PA-NO-).

Kinetics. The reactions proceeded by momtoring the ap-
pearance of the enarvloxynitriles using a Vanan Star 3400
gas chromatography (GC). All reactions performed under
third-order conditions in which the DABCO concentrations
were i the same concentration of the substrate. The reaction
solutions were prepared by dissolving l-chloro-1-phenyl-
2.2-dicvanoethene and phenol. which was also the same
quantity of the substrate. The reaction medium was NMP
containing DABCO as a acid acceptor. All the solutions
were prepared freshly just before use under nitrogen atmo-
sphere and transferred by micro-svringe.

Polymerization and Copolymerization. In a three-neck-
ed round-bottomed flask equipped with a dropping funnel, a
condenser and a nitrogen inlet svstem, was placed a solution
of bisphenol A (1.50 g. 6.6 mmol) and DABCO (0.74 g, 6.6
mmol) in drv NMP (10 mL). After the solution was purged
with nitrogen, a solution of 2 (2.0 g. 6.6 mmol) imn NMP (10
mL) was added dropwise at 20 °C for 5 min. The stirred
mixture was heated to 60 °C and maintained for 24 hr. After
the reaction mixture was subsequently poured into water, the
powdery polvmer was collected by filtration and washed
with methanol/water (1/1). The THF solution was reprecipi-
tated into hexane to produce a vellow powdery polvmer. The
similar procedures were applied to svnthesize other poly-
enarvloxynitriles 8 and 9.

7: Yield 86%. IR (KBr): 3050 (C-H). 2220 (C=N), 1580
(C=C). 1330. 1250-1110 (C-O) cm™". '"H NMR (DMSO-d)
8 7.5 (s. 4H. aromatic H's), 6.8-7.2 (m, 8H, aromatic H's in
bisphenol A), 1.4 (s, 6H. 2 -CH3). *C NMR (DMSO-d; +
CDCl;) §30.6. 42.6. 72.5, 110.3. 112.2, 114.9. 1193, 127.6.
1286, 130.6, 148.8. 151.7. 178.0. Anal. Calcd for C-oHisN4Ox:
C.76.65. H.3.96; N, 12.33. Found: C. 76.98: H. 4.01; N, 12.29.

8: Yield 92%. IR (KBr): 3122, 2915 (C-H). 2220 (C=N).
1578 (C=C). 1300. 1245-1110 (C-0) em™". '"H NMR (DMSO-
ds+CDCly) § 7.5 (br, 4H. womatic Hs in 2), 6.8-7.2 (m.
8H, aromatic H's in diphenol), 3.8 (br. 4H. -O-CH-CH-CHa-
CH-CH-0-). 1.2-1.8 (m. 6H. -O-CH-CH-CH-CH-CH-0-).
Anal. Caled for C3 H-2N4Oy: C. 72.37; H. 4.28: N, 10.89.
Found: C, 72.35. H, 4.29; N, 10.79.

9: Yield 89%, IR (KBr): 3030 (C-H). 2220 (C=N), 1580
(C=C), 1330, 1250-1110 (C-O) cm™". 'H NMR (DMSO-d; +
CDCl;) 7.5 (or. 4H. aromatic H's in 2). 6.8-7.2 (m. 8H, 1/2
aromatic H's in bisphenol A and /2 aromatic H's in diphe-
nol), 3.8 (br. 2H, 12 -O-CH-CH-CH-CH-CH-O-). 1.2-1.8
(m. 3H, 1/2 -O-CH-CH-CH-CH-CH-0-), 1.4 (5, 3H. 1/2 2
-CH3). Anal. Caled for CsHaN4Os: C, 74.38; H, 4.13: N.
11.57. Found: C. 74.28; H. 4.14: N, 11.54.

Results and Discussion

We have already reported that the enarvloxynitriles and
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polyvenaryloxynitriles were obtained by two phases solvent
svstem using phase transfer catalyst.'® In this study, various
enarvloxymtriles were prepared by the reaction of 1 with
phenol derivatives in the presence of DABCO. After 24 h,
good vields of enarvloxynitriles were obtamed. The results
and conditions of preparation of various enarvloxynitrles
are summarized in Table 1.

In the 'H NMR spectra, the phenyl protons in 1 appeared
as a multiplet peak centered at 7.5 ppm, whereas those of
phenol were present as a multiplet at 7.2 ppm. The enaryloxy-
nitriles derived from phenol denvatives such as p-methoxy-
phenol showed singlet peak at 3.7 ppm corresponding to
methoxy group. The reactivity of various phenols to 1 was
variable according to the pK, values of the corresponding
phenol. In the case of p-methoxyphenol, the reaction pro-
ceeded rapidly to give 1-(4-methoxyphenoxy)-1-phenyl-2,2-
dicyanoethene in good vield. Phenoxide derived from p-
methoxyphenol was highly effective for the nucleophilic
vinylic substitution reaction, because of the improvement of
electron donation by the substituent at para-position. On the
other hand, p-hydroxybenzaldehvde and p-mtrophenol pro-
ceeded at a slower rate because of its lugh pK, value 7.62
and 7.17. respectively. The results of reaction of 1 with van-
ous phenol denvatives were sununarized in Table 1

The rate of DABCO catalyzed reaction between 1 and
phenol derivatives was measured in NMP at 60 °C by gas
chromatography. It was found that the reaction of phenol
with electroplulic olefins carrying sluggish leaving group
mvolves a third-order term. The imtially formed amon 1s fol-
lowed by expulsion of chloride anion via back donation. The
third-order rate coefficient for the product -a[1])/eft = kaws[1]

Table 1. Results of reaction of 1 with various phenol derivatives

Phenols Substituent” pKa Yield (%
3 H 9.99 83
4 MeO 10.20 a3
5 CHO 7.62 735
6 NO- 7.17 68

para-position of phenol derivative. *Yields were determined gravimetri-
cally atter recrystallization.
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[phenol][DABCO] 1s given by Eq. (1) according to the
Scheme 1. The reaction was found to obey the following rate
expression.

£ = #,[11[phenol [ DABCO] :
obs — (k_, + k5)[1 + Phenoxide anion][DABCO salt] 1

When 4~ 2 &_1. Ao 18 g1ven by equation Ao = 41, This result
indicated that there is significant contribution of DABCO
from the mechanism, which involves an expulsion of chlo-
ride anion. We now extend our work to other phenol reac-
tants with different acidity by changing the substituents of
phenol. Comparnison of our data with measurements on the
same reaction using substituted phenolic compounds, elec-
tron-donating group at para-position increased the reactivity
of the phenol denvative to dicvanovinyl chlonde. This effect
may be caused by the increase in the partial negative charge
on the oxvgen atom bearing the benzene rning, rendering this
position more nucleophilic. The expenimental conditions and
third-order rate constant for the reaction of 1 with phenol
derivatives were summarized in Table 2 and Figure 1.

The displacement of the vinvlic halogen by four phenols
was followed by gas chromatographically in NMP solvent

Table 2. Expermmental conditions and third order rate constant for
the reaction of 1 with phenol derivatives in the presence of
DABCO in NMP

X [1)/107°  [X-PhOH)/ 107 [DABCOVINT  Aae/107°

H 501 3.00-2453 3002453 121510
p-MeO 421 4.20-2021 420-2021  2.91-15.13
CHO 548 5502732 53502732 041203
NO: 5354 3612750 3612750  0.15-075

6
Kk, x10%S

[X-PhOH}/10°

Figure 1. Plots showing dependence of ks on the concentration
of nucleophiles for the reaction of 1-chloro-phenyl-2.2-dicvane-
ethene with phenol derivatives in the presence of DABCO in NMP.
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by observing the integration of the product enaryloxynitriles.
The reactions were overall of the third-order (with rate coef-
ficient ). first order each n the vinyl halide, phenol and
DABCO. with no apparent trend of the increase i Aqys with
the increase n the amine concentration.

Br¢nsted plots of logka. aganst the pK, of the para-sub-
stituted phenols are shown in Figure 2. The slope 1s some-
what deviated from the lineanty. The value of loghuw/pK, 18
within 0.198-0.422.

Bisphenol A and 1.5-bis(p-hydroxyphenoxy)pentane were
adopted as starting materials. The Scheme 2 outlines the
solution polymernization of 2 with aromatic diols n the pre-
sence of DABCO i NMP solution.

Diphenol denvatives in this experiment showed a suffi-
cient nucleophilicity to dicyanovinyl chloride. Bisphenol A
and |.5-bis(p-hydroxyphenoxy)pentane have pK, value 10.26
and 10.20, respectively.

The results of polymerization of 2 with diphenols are sum-

5.4
p-OMe
-56 4
logk,, /oK =0.422
-5.8 -
6.0 H
&2 logk,,/pK =0.198
2
x~° CHO
[=)]
O 644
6.6
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7.0 75 8.0 85 2.0 95 100 105
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a

Figure 2. Br¢nsted-tvpe plots for the reaction of 1 and diphenol
derivatives in the presence of DABCO in NMP at 60 “C.
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Table 3. Results of polymerization of 2 with diphenols in the
presence of DABCO

Polvmers p&L MW® MWD r;.,.hb Yield (%)
7 10.26 10,500 1.8 .31 86
8 10.20 17,500 1.6 (.46 92
9 - 12,350 1.9 (0.38 89

*Molecular weights were measured with Waters HPLC using Three
columms (3. 4 and 5 A) bv using THF as eluent. “Inherent viscosity was
determined by Cammon-Ubbelode viscometer in 1.0 g#dL in DMSO at 20
°C.

marized in Table 3. The chemucal structures of the polvmers
were characterized by NMR and IR spectroscopy and further
confirmed by elemental analvsis. The polvmers obtammed here
were 1dentified as polvenarvloxynitriles by comparing their
IR and NMR spectra with those of model compounds 3-6. In
the IR spectrum. characteristic absorption bands of C=N.
C=C and C-O were exhibited at 2220. 1580. and 1250-1100
cm™'. respectively. The '"H NMR spectrum of polvmer 7. 8
and 9 showed multiplets in the range of 6.8-7.2 ppm assign-
able to aromatic protons of diphenol moiety and a broad sin-
glet peak around 7.6 ppm attributable to the fragment of 2.
On the other hand. the aliphatic units were shown at 1.4
ppm. 1.2-1.8 and 3.8 ppm corresponding to C(CHj)-, -O-
CH-CH-CH-CH-CH~O- and -O-CH-CH-CH-CH-CH-O-.
respectively. These facts indicated that the polvenarvloxy-
nitriles were successfully svnthesized via solution poly-
merization techmques. These spectral observations were
consistent with those of model componds. Elemental analy-
ses also supported the formation of the polvmers and
matched well with the calculated data.

The polvenarvloxyniniles were soluble in several polar
aprotic solvents such as N-methvI-2-pyvrrolidinone (NMP).
N N-dmethylformanude (DMF), dimethy] sulfoxide (DMSO)
and N N-dimehtvlacetamide (DMAc). whereas most poly-
mers exhibited no solubility in polar protic solvents such as
methanol and ethanol. The polvmer 8 derived from 1,5-bis
(4-hvdroxyphenoxy)pentane showed better solubility than 7
derived from ngid aromatic diol. Higher solubility was
associated with the alky] units, which enhanced a flexibility
of the macromolecular chains. The polvmers obtained from
solution polvmerization had inherent viscosity of 0.31-0.46
dL/g. Weight average molecular weights obtaned from solu-
ble portion in THF were in the range of 1,1000-18,000. The
properties polvenarvloxynitrile including thermal behaviors
were already reported in the previous papers.’

In conclusion. polvenarvloxynitriles were successfully pre-
pared by solution polvmenization from diphenol denvatives

Neri Geum and AMyoung-Seon Gong

and 2 n the presence of DABCQ. This method can be also
applied to the preparation of poly(enaryloxy-enanmonitriles)
by solution polymenzation techmiques. The kinetic study
supported that the nucleophilic vinylic substitution reactions
were overall of the third-order, first order each in the vinyl
halide. phenol and DABCQ. with apparent trend of the
mprovement of electron donation by the substituent at para-
position of phenol denvatives.
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