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The interaction of free radicals with furan has been studled previously, but only
with alkoxy (1), benzoyl {2} and aromatic radicals (3-5). The =ddition reactions to
give 2,5-dihydrofurans predominate, but in the case of the phenyl radicals (3-5)
substitution at C-2 has been reported.

The mechanism of autoinhibition displayed by vinyl monomers ccntaining the furan
ring, such as vinyl 2-furoate (6-8), vinyl 2-furyl acetate (8), vinyl 2-furylpropionsate
(8) and vinyl 2-furyl acrylate (8), is not well understood. Neither is the strong
retarding effect shown by these monomers (6-9) and by other furan derivatives such as
furan itself, 2-methyl furan, phenyl 2-furoate and 2-furaldehyde (T7-11) on the radical
polymerization of common moncmers, nor the role of 2-furfuryliden carbonyl compounds

as radical inhibitors (12).

In order to gain a closer insight into these problems, we carried out a study of
the reaction of several furan derivatives with azo-bis-isobutyronitrile (AIBN), one of

the most widely used initiators in radical polymerization.

Reactions were conducted by dissolving the AIBN in the furan derivative (molar
ratio 1:L4 to 1:1), purging the solution with nitrogen and heating it at 70°C for
40-60 hours. The experiments with furan and with 2-methyl furan were carried out
in a steel bomb, the others in a glass vessel provided with a reflux condenser.
Products were isolated by standard procedures after eliminating the unreacted furan
derivatives and the tetramethylsuccinodinitrile in a vacuum line. The compounds
studied were furan (F), 2-methyl furan (MF), 2-furaldehyde (FA), ethyl 2-furcate (EF),
vinyl 2-furcate (FV), 2-vinyl furan (VF) and vinyl 2-(S-methyl) furoate (MVF).
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Global yields varied from 40 to T0% depending on the derivative used and on
the reaction time. The common feature of these systems, with the exception of that

involving VF, was the production of 4,5- and 2,5-dihydrofuranic structures, the
latter being favoured.

An exsmple of the products obtained is given in the following Table:

F + AIBN (R = 2-cyano-2-propyl; yields and analysis are average of 3 runs)

PRODUCT (yield) CHARACTERTZATTION

m/e 20k, 136, 68; v (KBr, en™') 2950 (CH,), 2240 (CN), 1085

R - (c-0-C), 750 (C=C-H); & (CDCl3, ™S, ppm) 6.20 (s, H-3 and
H-4), 4.80 (s, H-2 and H-5), 1.35 (4, cgs), 1:1:6; analysis:
found C 70.63, H 7.95, N 13.66 (cale. C 70.59, H 7.84, N 13.72).

(32%) Two stereoisomers observed by glc.

m/e 204, 136, 68; v (1iq., em™t) 2950 (CH3), 22ko (cN), 1620
(c=C), 1200 (Cc-0-C}; § (03013, ™S, ppm) 6.50 (t, H-2), 5.05
R 0 (t, B-3), 1.28 (4, H-5), 2.96 (m, H-}), 1.37 (d, CH;),
1:1:1:1:12; analysis: found C TO.48, H 7.80, N 13.79 (calc.
(10%) C 70.59, H 7.84, N 13.72). Two stereoisomers observed by glc.

m/e 272, 204, 136, 68; the IR and NMR spectra indicate
the presence of both 2,5- and 4,5-dihydrofuranic rings

(see sbove) but the former predominate. The integrated
nmr signals always gave Hring: HR = 2:3. Analysis:

C 70.66, H 7.29, N 10.12 (ecale. C T70.59, H 7.35,

and other "dimers" (17%) N 10.29),

MF, FA and EF behaved similarly, no substitution product being obtained in any of
the reactions studied.
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TV only gave oligomers (ﬁ; = §00-900, vapour pressure osmometry), consisting of
vinyl-type and dihydrofuranic units, sealed at sach end by a 2-cyano-2-propyl group (R).
After four reprecipitations the product contained apprecisble amounts of residual vinyl
double bonds (v 16L0 en ! and characteristic pattern arownd § 5 ppm for =CH,) and of
dihydrofuranic structures (§ 6.0 ppm for H-3 and H-U in 2,5- and weaker signals for
protons in L4,5-dihydrofuran rings). The "normal” furanic units were more frequent
in the product: & 7.4 (H-5), 7.0 (H-3), 6.35 (H-4), 5.2 (CH) and 2.0 (CH,) ppm,
1:1:1:1:2. The end groups give v 2240 em™t (CN) and § 1.3 Tpm (CES) integrating to
give v 2R per oligomer molecule. This structural interpretation disagrees with that
given by Morita et al. (7), who claimed a simple vinyl-type propagation in the poly-
merization of this monomer with up to 25% AIBN., To substantiate their conclusion
they reported IR and NMR spectra (which coincide with ours) which are not consistent
with the normal structure they proposed, but rather confirm our alternative suggestion.
We prepared a standard polyFV by esterifying polyvinylalcohol with furcyl chloride.

As expected, this polymer did not show any anomalous features, i.e. its spectra did

not indicate the presence of any residual double bond or of any dihydrofuranic rings.

VF, on the other hand, gave oligomers whose structure bore no evidence of

dihydrofuranic units or of residual vinyl groups, i.e., in this system the propagation

only took place through the vinyl bond. It appears that the presence of this conjugated

"

double bond "protects" the ring as long as there is monomer present, by diverting the

radicals' sttack towards itself.

MVF polymerized to give products (ﬁ; = 2000-4000) which did not contain detectable
amounts of double bonds or of dihydrofuranie structures. Prcbably,the presence of a
methyl group at C-5 hindered somewhat the entrance of the attacking radicals onto the
ring making the vinyl polymerization easier and the concentration of dihydrofuranic

units lower.

The present findings are in agreement with previous work (1-5) as to the formation
of 2,5-dihydrofurans and extend the validity of this observation to a series of 2-
substituted furans. However, the 2-cyano-2-propyl radicals are less specific in their

mode of addition to the furan ring since they can also give 4,5-dihydrofurans.

We also carried out experiments with t-butyl peroxide as a radical source, hut
the products obtained were brown resine with no detectable presence of either furan

or dihydrofuran rings.
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As for the sutoinhibition and retardation by furan derivatives in radicel

polymerization, it seems plausible to conclude that the C-5 ring position constitutes

a very competitive addition site for the propagating species because it can produce

the stabilized allylic-type radical I which will deter normal propagation and couple

with another radical to form dihydrofuranic structures.
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