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A number of cyclic diacetals of but~2-ynedial, fumaraldehyde, and
o, o -dibromosuccinaldehyde have been synthesized by the trans-
acetalation of bis(dimethyl acetal)s of 1,2- and 1,3-glycols. The
succinaldehyde derivatives have also been obtained by the bromination
of the corresponding diacetals of fumaraldehyde.

We previously described the preparation of cyclic
diacetals of succinaldehyde by the reaction of 2,5~
dimethoxytetrahydrofuran with 1,2- and 1, 3-glycols
[1]. It has been established that these compounds pos-
sess the properties of myorelaxants [2].

It appeared of interest to study analogous deriva~
tives containing double and triple bonds:

RCH—O0 O—CHR
Sencn=crond |
(CH,),—© 0—(CH,)
CH—0 0—CH
RS \CHC?CCH< CHR
(CH,),—0 0 —(CHy)
n=12

Ags has been shown previously, fumaraldehyde
di(ethylene acetal) is formed from 2,5-dimethoxy-2.5-
dihydrofuran and glycol with a 6% yield, Inthis work
we performed the transacetalation of the bis(dimethyl
acetal) of but-2-enedial with 1,2-and 1,3-glycols in
the presence of p-toluenesulfonic acid in toluene. In
this way it was possible to raise the yields of cyclic
diacetals I~V (see Table 1) to 60-95%.

The bis(dimethyl acetal) of but-2-enedial formed
by alkoxylation of furan under the action of bromine
and methanol [3] possesses the trans configuration
[4,5]. In its Raman spectrum we observed only one
absorption band of the stretching vibrations of a trans-
substituted C==C bond with a maximum in the range
1682—1690 em™!, and intense bands in the region of
the nonplanar deformation vibrations of C—H at 918,
972, and 997 cm~!. The Raman spectra of the cyclic
diacetals I and II also have only one absorption band
of the stretching vibrations of C=C, at 1691 em™t,

The transacetalation of but-2-ynedial bis(dimethyl
acetal) with 1,2- and 1, 3-glycols does not differ in
principle from the transacetalation of fumaraldehyde
bis(dimethyl acetal) and leads to the cyclic diacetals
VI-IX with yields of 83-95% (see Table 1). The latter
are less stable than I-Vand polymerize onlong storage.

The initial but-2-ynedial bis(dimethyl acetal) was
obtained in good yield (83%) by a method somewhat
modified by us [6] involving the dehydrobromination
of dibromosuccinaldehyde diacetal with a suspension
of powdered potassium hydroxide in tert-butyl alcohol.
An attempt to use other alcohols (ethyl, isopropyl, and
isoamyl) did not lead to the desired result.

In the bromination of fumaraldehyde bis{dimethyl
acetal), it was found that in contrast to the information

given previously (for example [6]), it is not a homo-
geneous product that is formed but the two isomeric
dibromo derivatives X and XI. Similarly, the bromina-
tion of the cyclic diacetals I-1V in carbon tetrachloride
gave in each case a mixture of two dibromo deriva-
tives, one of which was crystalline and the other liquid,
which did not yield to crystallization and vacuum dis-
tillation. With the exception of the isomeric dibromo
derivatives of the cyclic diacetal II, the yields of which
could not be determined accurately, mixture of almost
equal amounts of the two isomers were formed. The
crystalline isomers XII-XV obtained are shown in
Table 2. We assume that the higher-melting isomer X
and also the crystalline cyclic diacetals XII-XV are
the meso forms and the low-melting isomer XI and the
noncrystalline dibromo derivatives are the racemates.
The IR spectra in carbon tetrachloride in the 500-650
cm~! region showed that XI has intense absorption
with maxima of 581 and 641 cm"i, while X absorbs
intensively at 567 em~! and only slightly at 581 em™?.
All the crystalline isomers XII-XV also have intense
bands with a maximum at 567 = 2 cm™* anda weak band
at 580-585 cm ™!, After comparison of these data with
the features of the IR spectra of the isomeric dibromo-
stilbenes [7, 8] the absorption bands of XI at 581 and
641 cm~! must apparently be ascribed to the stretching
vibrations of the C—Br bond of the racemic mixture of
optically active forms in the skew conformation and in
the trans conformation and the absorption bands of X
and XII-XV at 567 cm™?! to the deformation vibrations
of the C—H bond in the hindered conformation of the
meso form. The weak band at 580—585 cm~! shows the
presence of only a small amount of the skew conforma-
tion, which in this case is energetically less favorable,
in the meso form.

The dibromosuccinaldehyde bis(dimethyl acetal)s
(X, XI) also undergo the transacetalation reaction in
the presence of p-toluenesulfonic acid and glycols.
Thus, by independent synthesis (method 2), X gave the
cyclic diacetals XII-XV analogous to those obtained
above by the bromination of the cyclic diacetals of
fumaraldehyde (method 1).

The PMR spectra confirm the structure of the com-
pounds obtained and show the low rate of inversion of
the dioxane rings and the equatorial position of the
bridge carbon atoms.

EXPERIMENTAL

The initial fumaraldehyde bis(dimethyl acetal), ob-
tained as described by Makin and Telegina [3], was
subjected to two vacuum distillations through a Widmer
column 50 cm high. Fractions with the constants given



25

CHEMISTRY OF HETEROCYCLIC COMPOUNDS

*SE€'9T 1D 1% ‘PRIBINDIED "16°ST 1D 1% ‘PUROI 4
'sJu1d [81908 9Y) UT SWOIE UOQIED JIIJPWUIASE 0Mm] JO aouoesalrd oyl Aq paute[dxa ST YdIYm JO dIUIISIXI aY) SISUIOSIOFIIS JO IINIKIA 4

¥6 | 208 | 69€9 | 908 . 8L€Y FOFTHED - — - — | 086G - fHD =D + X1
e | @', |6509 | 6172 F&% YOMHYD - | — - — | £01—201 - H 0=D 1A
g8 | aI'L |69709 | STL | 68709 YOYH'D 1G98y | 1L°8Y | T60TT |06ST] - (g1 081511 *HD =D #IIA
g8 | @6°¢ |Z¥9¢ | 919 | 1999 FOUHED — | — — | — | 2ge—I1s | (gD L11—sn H 2=D IA
38 | ¥39 | 1¢vp | ¥e'S 161FY | «PORIDVHO'D | 8866 |GE6S |EIETT |0E6V] - (g0} €91—091 | 1D*HD HO=HD |[:A
g6 | €88 |TIEY | 68 |01EY YO%H D e e — | 98—¢L — ¢HD HO=HD | .Al
ge | 908 |86'6S | 81'8 | L109 YOUTH D — - — — | 3616 — H HDO=HD 11
¥g | 908 | 866G | €88 | ¥509 FOUH'D | 80708 10008 | 26071 [08SFT - (1) e01—L6 fHD HO=HD |.II
09 | €0°L |08'SS | 80L | 809G YOI H®D - | — | = — | 16—06 - H HO=HD I
I pa)
% ‘paremore) | % ‘punog Taw
B gy )
«Al”wviwvzuxxi:uAMlnA]”wlu
T ojqeL



26

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

Table 2

R~CH-—0 0—
\cHCHBrcHBrCH< —CH-R

I
cH,) —0”

0 —(CH,),

| ‘ t Found, % Calculated, % Yield, %
Com- Mp, % iri i | o
pound \ A ‘Empmcal formula) ¢ [ H | B | ¢ | H | 8 1‘“2‘;" meth:
|
X1 |t | H , 131—132 | CgH2Br:04 ‘29 22| 3.83 148.80; 29 00. 362 | 48.40] %
XI* |t | CHy | 68-73 CyoHisBrsOs  133.19] 4.55 [44.39{33.30| 4.47  44.30 2!
X1v 2 H 155—156 CioHeBrsOs  |33.32| 4.61 [44.38] 33, 30‘ 4.47 “ 44.30| 52 73
Xy* ! 2 | CHs i 123—130 CioHgoBrs0, 137 18 5.32 40 98] 37. 10\ 5.19 1‘ 41.18| 45 | 87

|

*Mixture of stereoisomers, the existence of which is due to the presence of two asyrmmetric carbon

atoms in the acetal rings.

in the literature [9] were collected: bp 103~105° C
(25 mm), nf} 1.424-1.426.

General procedure for obiainingthe cyclic diacetals.
A mixture of 0.1 mole of a bis(dimethyl acetal), 0.2
mole of the appropriate glycol, and 0.1 g of p~toluene-
sulfonic acid in 200 ml of toluene was heated in a
Wood's metal bath in a flask fitted with a stirrer and
a condenser for downward distillation. With vigorous
stirring at a bath temperature of 100 to 120° C, 20—25
ml of a mixture of methanol and toluene was distilled
off. After cooling, the main solution was washed with
an aqueous solution of potassium carbonate and dried,
and the toluene was distilled off under a gentle vacuum.
The residue was crystallized from methanol or ethanol
or distilled in vacuum.

Bromination of the methyl diacetal of fumaraldehyde.
With stirring and cooling, 88.0 g (0.55 mole) of bro-
mine in 50 m! of carbon tetrachloride was added over
2 hr to a solution of 88.0 g (0.5 mole) of fumaraldehyde
bis(dimethyl acetal) in 100 ml of carbon tetrachloride,
the temperature being kept at 0 to +10° C. The mixture
was stirred at room temperature for a further 1 hr
30 min, and the solvent was distilled off in vacuum in
a current of nitrogen. The residue was treated with
100 ml of petroleum ether, and the precipitate that
deposited was filtered off and washed with 50 ml of
cooled petroleum ether. This gave 456—50 g (27-30%),
of X. Mp 94-95° C (from 50% methanol). Found, %:

C 28.71; H 4.80; Br 47.49. Calculated for CgHysBr0Oy,
%: C 28.50; H 4.76; Br 47.60. Another 100 ml of pe-
troleum ether was added tothe filtrate, and the mixture
was cooled to ~50° C and filtered. The residue was
washed with cooled petroleum ether. This gave 70—-76 g
(42~45%) of XI. Mp 42—43° C (from 50% methanol).
Found, %: C 28.52; H 4.66; Br 47.18. Calculated for
CgHyi6BryOy, %: C 28.50; H 4.76; Br 47.60.
2-Butynedial bis(dimethyl acetal). A mixture of
33.6 g (0.1 mole) of X or XI, 28 g (0.5 mole) of pow-
dered caustic potash, and 150 ml of tert-butyl alcohol
was boiled with stirring for 6 hr. The cooled solution
was decanted off, and this was followed by washing
with water, extraction with ether, drying, and distil-
lation. This yielded 14.5 g (83%) of 2- butynedlal bis(di-
methyl acetal), bp 96~98° C (11 mm), 1 4345 [ac-

cording to the literature (11 mm),
nly 1.43447].

Cyclic diacetals of dibromosuccinaldehyde (XII-XV).
Method 1. At 0° C, 8.8 g (0.055 mole) of bromine in
10 ml of carbon tetrachloride was added to a solution
of 0.05 mole of one of the diacetals I-IV in 20 ml of
carbon tetrachloride, and the mixture was then kept
at room temperature for 2 hr. The dibromo deriva-
tives XII and XIV so formed crystallized out and were
filtered off. The carbon tetrachloride was distilled off
from the reaction mixture containing the XIII, and the
residue was crystallized at about 0° C and was then
filtered off. The carbon tetrachloride was also dis-
tilled off from the reaction mixture containing the
dibromo derivative XV, and then 15-20 ml of petro-
leum ether was added to the residue to precipitate the
XV, which was filtered off. All the dibromo deriva-
tives were recrystallized from ethyl acetate with dry
ice cooling.

Method 2. The diacetals XII-XV were obtained by
the transacetalation of X by the general method. After
the mixture of methanol and toluene had been driven
off, activated carbon was added to the hot solution and
it was filtered. On cooling, the dibromo derivatives
XII and XIV crystallized out, and they were filtered
off. The toluene was distilled off from the solutions
containing the dibromo derivatives XIII and XV in vac-
uum. The residue was treated with petroleum ether
and the mixture was cooled to —50° C and filtered,
Recrystallization was carried out in the same way as
before. Mixtures with the corresponding dibromo de-
rivatives obtained by method 1 gave no depression of
the melting point.

[10]: bp 97.5° C
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