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STRUCTURE OF THE PRODUCTS OF THE O-MONOALKYLATION OF PYROCATECHOL
BY o~-BROMOKETONES

I. B. Dzvinchuk, N. V. Kuznetsov, UDC 547.841'451:541.623:543.422.25
and M. 0, Lozinskii

The reaction of pyrocatechol with a-bromoketones in the presence of triethylamine
leads to the formation of o-hydroxyphenoxymethyl ketones or 2-hydroxy-2,3-dihydro-
l,4-benzodioxines. PMR spectroscopy revealed ring—chain tautomerism of the products
obtained. The relative effect of structural factors on the stability of the ring
structure was evaluated.

The products of the monoalkylation of pyrocatechol I. by chloroacetone [1] and phenyacyl
bromide (2) were initially considered to be phenols III. Later spectroscopic studies showed
that both these compounds have cyclic structure IV, while their sodium derivatives exist as
the open form III [3, 4]. There have also been reports of the preparation of the acyclic
structural analog of IIT (R = H, R' = COCHs) and its cyclic derivatives IV [R* = C(OCH;).CHs
and C(OCHz)CHs;] by an independent method [5, 6], No data have been given for the ketol—lactol
equilibrium of these compounds in solution. It was of interest to determine the preparative
range of this reaction in order to elucidate the capacity of its products to under ring—chain
transformations and establish the relationship of this capacity to the structure of these com-
pounds.

The reaction was carried out with a twofold excess of diphenol I relative to the alkylat-
ing component. Triethylamine was used as the base instead of the alkaline reagents previously
employed. These conditions permitted us to suppress side reactions such as 0,0'-dialkylation,
oxidation, Favorskii mearrangement and dehydrobromination, simplify the synthesis procedure
and enhance the yield of the O-monoalkylation product. The reaction is rather general in na-
ture, encompassing a-bromo derivatives of aromatic, heteroaromatic and aliphatic ketones with
both normal and branched hydrocarbon chains ITa-h. The structure of the starting alkylation
agent has only a slight effect on the yield but determines the cyclic or acyclic structure of
the final product. Thus, the reaction with bromoketones Ila-d leads to the formation of o-hy-
droxyphenoxymethyl ketones I1Ia-d. The other bromoketones gave 2-hydroxy-2,3-dihydro-1,4-
benzodioxines IVe-h.
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TABLE 1. Characteristics of Compounds Synthesized

. : Calculated, | o
Com- | mp (or bp), T voon! Found, % |01 mical :
pound | [pressure, hPa] O0—H c=0 | ¢ |n) |formula ¢ lue |®
. =

a | (230—240) {207 | 3540, sh| 1715, |756| 67 | CxHis0, | 755| 6,7 |53
3380 1700, sh
b | 1115—112,5 3450, 1670 V61,3 45 | CHwpOS | 61,51 43|79
3320 (13.8) 187
Hle | 113—1135 3400, | 1680 |659] 45| CuHwO, | 660] 46 |60
3340, sh
Id| 835845 3195 1670 {753 6.7 | CuHi0, | 755 67 |76
Ive | 109—110,58 3440 — |738] 54| CiH0, 737| 53 |58
WVE| 67—685 3505 —~ |689] 75| CHiOs | 692] 7.7 |70
Ivg | 98—99 3250 — (650 62 | CeHuOs 650 6,158
(130—137) [20]* 4 v
IV | 50—51 3435, — |677] 701 ChHuO, | 680] 73153
(128--135) [20] | 3400

#IIIb and IVg recrystallized from CCl,; IIc and IId, and IVe
recrystallized from benzene, IVf and IVh recrystallized from
hexane.

tnp?? 1.5692.

¥Mp109.5-111°C (2.67 hPa) [4].

**Mp 100°C, bp 135-145°C hPa) [4].

The structure of the alkylation products was found relative to the presence of absence
of the IR vp=, band (the characteristics of III and IV) are given in Table 1). We should _
note that all the isolated reaction products do not give a positive test with ethanolic FeCls;
diagnostic for the phenol hydroxy group. A study of the PMR spectra of their solutions in
deuteroacetone established that previously described phenyl and methyl derivatives IVe and
IVg [4] exist in solution as a mixture of tautomeric ketol III and lactol (IV). The tendency
to undergo ring—chain tautomeric transformations for the newly obtained compounds varies in a
broad range. Within the limits of the PMR spectroscopic sensitivity, IITa exists exclusively
in the ketol form, while IVh exists exclusively in the lactol form. The solutions of the re-
maining compounds displayed the ketol—lactol equilibrium III Z IV (the PMR spectral parameters
are given in Table 2).

We should note that the PMR spectrum of IVg in CDCl; was given by Rosnati et al. [5].
Signals for protons of the CHsC=0 and CH.C=0 groups may be discerned along with the stronger
signals for the protons of the cyclic form. However, these authors did not consider the pro-
tons of the cyclic form. However, these authors did not consider the question of presence of
the acyclic ketol form IIIg in solution. Nevertheless, the spectrum of IVg was given as evi-
dence for the acyclic structure of structural analog (R = H, R* = COCHs;), in whose spectrum
the CH. group signal appears as a singlet. The assignment of structure III to this compound
raises doubt since the comparison of these spectra was carried out incorrectly. Only the dif-
ference in the multiplicity of the CH, group signals was taken into account while the simi-
larity of their chemical shifts was not considered. In our spectra, the signal for the dias-
tereotopic protons of the CH, group of the cyclic form are not seen as a quartet for all these
compounds. This signal is not split for IVc apparently as a result of a coincidental isochron-
icity of the methylene group protons which leads to a degenerate AB system.

In our PMR spectra, the alkyl group protons of both tautomeric forms appear separately
and their assignment is not difficult. The tautomeric equilibrium constant Ky (Table 2) was
found using the ratio of the integral intensities of the CH, group signals. Under our condi-
tigns, the tautomeric equilibrium of IIIa-d is shifted toward the open form, while it is
shifted toward the ring form for IVe-h.

The structural differences in the series of tautomeric systems IIla-g are due only to

the nature of only the R' substituent. Steric hindrance by this substituent leads to destab-
ilization of the ring form. A decrease in the stability of the ring form also is encountered
upon substituting the aliphatic substituent by an aromatic or replacement of the aromatic sub-
stituent by a m-electron-rich heteroaromatic substituent. In this case, destabilization of
this form may be attributed to the gain in the energy of the ketol form due to conjugation

of the substituent with the C=0 group and the decrease in the electron deficiency of the car-
bon atom of this group. This effect in heteroanalogs is even more pronounced as a consequence
of the mesomeric interaction of the heteroatoms of the thiophene and furan ring with the carb-
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onyl group. This interaction for the furyl derivative is less effective due to the great
electronegativity of the ring hetercatom (see the review by Joule and Smith [7]}, p. 214) and
the stability of the ring form for this derivative should likely be greater than for the thio-
phene analog. However, a difference between these compounds within the sensitivity range for
the method used to determine the tautomeric composition could not be detected. The substituent
at the C=0 group in ketol—lactol systems with similar structure analogously affects the stab-
ility of the ring form (see the work of Valter [8], pp. 173, 177-178 and the later review by
Valter [9], pp. 1376-1383).

The shielding of the keto group in the a-position of the ring formed by methyl substitu-
ents usually leads to destabilization of the ring form [8, p. 181; 9, p. 1383]. However,
the introduction of methyl groups into a unit already containing a conformationally rigid
pyrocatechol fragment probably sharply limits the freeedom of rotation of the open form and
provides for spactial approximation of the C=0 and HO groups. Such consequences in ring-chain
tautomeric systems lead to stabilization of the ring form [8, pp. 178-180; 9, pp. 1383-1392].

The electronic effect of the ethereal oxygen atom of ketol forms III on both reaction
sites apparently provides an additional contribution to stabilize the ring forms IV. The in-
ductive electron-withdrawing effect enhances the electron deficiency of the C=0 carbon atom
and, thus, its tendency to add a phenol hydroxyl. The latter, in turn, should have a marked
tendency to add to a (=0 group due to the mesomeric electron-donor effect of the ortho ether-
eal oxygen atom.

Thus, the products of the O-monoalkylation of pyrocatechol by a-bromcketones have a mark-
ed tendency to form the lactol structure. However, substituents which have a significant elec-
tron~-donor or shielding effect on the (=0 group may provide stabilization of the ketol form.

EXPERIMENTAL

The purity of III and IV was monitored by thin-layer chromatography on Silufol UV-254
plates using 2:1 chloroform—CCl, as the eluent. The IR spectra were taken on a UR-20 spec-
trometer neat on KBr plates for IIIa and IVh and in KBr pellets for the other compounds. The
PMR spectra were taken on a Bruker WP-200 Fourier pulse spectrometer at 200 MHz in (CD3)»CO
with HMDS as the internal standard. The 0.3 mole/liter solutions were maintained at constant
25°C for 24 h prior to taking the spectra. The position of the tautomeric equilibrium did not
change upon maintenance up to 14 days. TheKy equilibriumconstants were calculated takingaccount
of the relative of theerror inmeasuring the integral intensities of the diagnostic signalﬁ.

o-Hydroxyphenoxymethyl Ketones III or 2—Hydroxy—2,3—d@2ydro-l,4-benzodioxines IV (Table
il; A mixture of 22 g (0.2 mole) I, 0.1 mole bromoketone II and 15.1 ml (0.11 mole) triethyl-
amine in 30 ml 2-propanol was heated at reflux using a condenser equipped with a liquid seal
for 2 h (10 and 4 h for IIa and II h, respectively). The reaction mixture was cooled, diluted
with 50 ml water, acidified with 15 ml concentrated hydrochloric acid and left overnight. The
crystallized products were filtered off, washed with water and dried. Prior to distillation,
IVg and IVh were distilled in vacuum. The reaction mixture was extracted with 100 ml ether in
order to separate IIla. The extract was washed with two 100-ml portions of water. The reaction
product was extracted with three 50-ml portions of aqueous KOH. The alkaline solution was im-
mediately acidified with 40 ml concentrated hydrochloric acid. The oil separated was extracted
with 100 ml chloroform. The extract was washed with three 100-ml portions of water, dried
over calcium chloride and passed twice through a 10-cm alumina column using chloroform as the
eluent. The solvent was evaporated and the residue was distilled in vacuum.
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