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ACETOPHENONE WITH FORMALDEHYDE IN ACIDIC MEDIAl' 2)

Akira TERADA, Yoshimasa TOYOSHIMA, and Tadasu YAMAJT
Department of Chemistry, Kyushu Institute of Technology,
Tobataku, Kitakyushu
and
Kiyoharu SEKINE
AID Laboratory, Japan Electron Optics Laboratory Co. LTD.,
Nakagamicho, Akishima, Tokyo

The chemical structure of C,¢0H; 303 (I) which is a crystalline
product obtained from the acidic condensation of acetophenone with
formaldehyde has been established as l-benzoyl-4-methylene-5-phenyl-
6,8-dioxacyclo[3,2,1]octane. This compound is identical with the
product, C,0H; 303, isolated by Beets and Heeringa from the Prins
reaction of phenylacetylene. The formation mechanism has also been

proposed.

The acidic condensation of acetophenone with formaldehyde is complicated and
therefore gives many intricate products. Only a few of them such as phenyl vinyl
ketone, 5-benzoyl-l,3-dioxane and the titled compound (I), mp 91-91.5°C, were isolated
by one of the present authors.3)

Oximation of I in pyridine gave monooxime (II), mp 159-160°C. The physical
constants of I and the oxime implied that the compound I must be identical with a
product isolated by Beets and Heeringa from the Prins reaction of phenylacetylene in

1955.4) They have proposed a hypothetical structure for it, that is,

5)
Recently, our inspection of the IR data of I
CHZ\‘/CHZ'O\\C suggested that this compound might have one or
C/}L\CHZ-O// é //CHz two monosubstituted benzenes-{two strong absorp-
1] Hz tion bands at 752 and 703 cm ). The further MS
© ITT and NMR data have confirmed the existence of

benzoyl and phenyl groups in I (ten protons of
aromatic by NMR, and benzoyl and phenyl ions by MS). The residual eight protons are
roughly separated into two groups in the NMR (Fig. 1). The four among them are in the
7-81 region (13.5 mol% in CDCl,; He, f, g and h are roughly estimated from the low
field side; all multiplets) and the other four in 5-61 (Hd, b, ¢ and a from the sameside).
While the analyses of the high field protons are very difficult because of their
similar chemical shifts and complicated spin-spin interactions, all the low field
protons are assigned respectively to two of a vinylidene group [Hc centered at 5.74
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Fig. 1. 100MHz NMR spectrum of I (13.5 mol% in CDCljs).

and H4 at 5.25t, doublet of doublet; ch
and two of a methyleneoxy (AB; dd; Ha centered at 5.85, Hb at 5.56T, Jgem=8 Hz) .
Since the further splits of the proton Ha (J=1.5 Hz) seem to be by a long-range
coupling with one of the high field protons (maybe with Hg), this oxymethylene must

=1, and another J=1,5 Hz (long-range coupling)]

link to two quaternary carbon atoms. The geminal coupling constant between these
methylene protons (Ha and Hb) was 8 Hz, and this fact suggests that the size of the
ring containing this methyleneoxy group may be rather a five-membered ring than a
six-membered one.6)

Sodium borohydride reduction of I in ethanol gave a mixture of isomeric secondary
alcohols. One of the isomers, C,¢H2003 (IV), mp 139-141°C, was isolated after repeated
recrystallizations from petroleum benzine, and this showed no other conjugation system
than the original benzene rings in UV. Bromination of IV in acetic acid easily gave
its dibromide (V), mp 177-178°C, which showed a 1,2-dibromoethylidene group in NMR
(BrCH,CBr=, AB; dd; Jgem=ll Hz) . Here the original existence of a carbon-carbon double
bond, a vinylidene group, in I was confirmed clearly, and therefore the number of rings
which I contains must be two other than the fwo benzene rings. From the NMR split
patterns of the hydroxyl proton (d, J=1.8 Hz, verifying a secondary alcohol) and benzyl-
idene proton (4, J=1.8 Hz) of IV, the benzoyl group of I must link to a quaternary
carbon atom. Also the last oxygen atom is adjacent to two quaternary carbons. An
application of NMR double resonance technique operated at 100 MHz showed that only one
proton, He, in the high field group couples with two protons of the vinylidene.7)
Supposing a ketal structure in I by the Beets's oximation and hydrogenation results,

we arrived at the two possible structures as VIa and VIb.
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Here, comparing the NMR data of I and of the derivatives, we can say which
formula is better. Changing the benzoyl group of I to the oxime (II) or to the
secondary alcohol (IV) gave much more effects to the protons Ha, Hb, Hg and Hh
(shifted to the higher field, the assumed centers of the multiplets of Hg and Hh
being compared for convenience.) than to the Hc and Hd4, while in the IV-dibromide (V)
the He and Hf moved to the high field side more largely than the Hg and Hh, and the
protons a and b remained unchanged. The chemical shift of Hec of I at elevated
temperature moves to the lower field. That is, four protons, a, b, gand h are near
to the benzoyl group, and the hydrogens c¢ and 4, especially c, are close to the
phenyl, and the structure VIa is therefore the most probable. We image a steric

7 at present. Construction of the molecular models of VIc is quite

formula like VIc
easy.

As to the formation mechanism of I, the following is possible.

"Hzo
H+
CH0 _CH,0H CH20 _CH20_ __CH>
=
¢-c-CH; ————— p-C-CH ———— ¢-c-c{_ cH, ¢-c-cZ
a ut 4 cu.0m at 8 “cm,0 CH,OH
VII VIII X X
Dimerization CH20H ut CH»20 -H,0
/
—— $-c-C-0-C-0 — ¢-¢-c—0-c-¢ —_— I
vy Hea 0 CH, C O CH» CH H
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CH, CH,0H CH» CH,0H
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The direction of this dimerization (X -+ XI) can be supported by many examples
of the similar reactions of Diels-Alder type,g)
to XII also.lo)

dehyde on acid hydrolysis of 5-benzoyl-1l,3-dioxane (IX) under heating.

and the subsequent cyclization of XI
In fact, we have just succeeded in an isolation of I besides formal-
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