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Exchange Reactions between Aldehydeacetals and Aldehydes. I

By ErL1ianu BoGRrRACHOV!

Whilst the exchange reaction between aldehydes
R'CHO and aldehyde derivatives of the type
RCH=NY has been known for some time, and
also the reaction between acetals RCH(OR'),
and alcohols R”OH has been investigated,!® very
little appears to be known regarding the exchange
between aldehyde acetals RCH(OR'); and alde-
hydes R"CHO. Tanasescu and Iliescu? have
observed that the mono-(o-nitrobenzal) deriva-
tive of pentaerythritol, when treated with p-
nitrobenzaldehyde in presence of sulfuric acid
or phosphorus pentoxide, gives the di-(p-nitro-
benzal) derivative of pentaerythritol. Similarly,
Fairbourne and Woodley? reported that mono-
(p-dimethylaminobenzal)-pentaerythritol and
benzaldehyde give dibenzalpentaerythritol.

The Rumanian authors have ascribed this
peculiar behavior to the presence, in their starting
material, of free hydroxyl groups, as di-(o-nitro-
benzal)-pentaerythritol was not attacked, upon
treatment with p-nitrobenzaldehyde. This hy-
pothesis would seem to be supported by the in-
stability of the diacetals of dipentaerythritol,
which, too, contain free methylol groups (one at
each central carbon atom). Nevertheless, the
hypothesis is not satisfactory. It is made un-
tenable by the following observations: dibenzal-
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pentaerythritol (I, Ry = R, = H) treated in
benzene solution and in the presence of a sulfonic
acid with p-nitrobenzaldehyde is quantitatively
converted into di-(p-nitrobenzal)-pentaerythritol
(I, Ry = Ry, = NOy). In the dibenzoate and the
di-(p-nitrobenzoate) of monobenzalpentaerythri-
tol, (II, R = H), the benzal residue is replaced
by the p-nitrobenzal group, on treatment with
p-nitrobenzaldehyde. This reaction, too, is only

possible in the presence of an acidic catalyst.

The dibenzoate of mono-(p-nitrobenzal)-penta-
erythritol was saponified by alcoholic potash
solution to mono-(p-nitrobenzal)-pentaerythritol
(I1, R = NO;). From this, hitherto unavailable
mixed acetals® could be prepared by reaction
with aldehydes which are ‘‘less reactive” than
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p-nitrobenzaldehyde. Benzaldehyde, e. g., gives
(p-nitrobenzal)-(benzal)-pentaerythritol (I, Ry =
H, R, = NO,).

Tt has been observed in the course of this inves-
tigation that the method of Kraft* for the prep-
aration of dibenzalpentaerythritol, which is used
for the determination of pentaerythritol in mix-
tures with dipentaerythritol, leads to mixtures of
the mono- and the dibenzal compounds?®; their ratio
appears to vary with concentration, temperature
and pH of the mediumn. It has now been possible
to determine the optimum conditions for the prep-
aration of either the mono- or the dibenzal de-
rivative of pentaerythritol, in satisfactory yields.
The mono-compound can be esterified in the usual
manner.$

Whilst p-nitrobenzaldehyde easily displaces
benzaldehyde, anisaldehyde is without effect.
It may be possible to coustruct a sequence of
activities of the aldehydes, similar to that which
has been observed by Sulzbacher, Bergmann and
Pariser” in the reaction of the benzaldehydes
with ethylene glycol. An investigation of this
point, which will be supplemented by a study of
the influence of various catalysts is now in prog-
ress.

One is tempted to assume, that, e. g., (znono-
benzal)-pentaerythritol dibenzoate is hy-
drolyzed, under the influence of the
catalyst, in a manner similar to the
hydrolytic fission of ordinary acetals
but intramolecularly?
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The product of this rearrangement condenses
with p-nitrobenzaldehyde to give a hemiacetal
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This condensation can simply revert; the henii-
acetal can also eliminate the benzaldehyde
molecule, thus giving (p-nitrobenzal)-pentaery-
thritol dibenzoate. Both reactions will again
be catalyzed by hydrogen ions, whilst—to follow
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the analogy with the acetalization of aldehydes®?
—the hemiacetal formation is a non-catalytic
process. It remains to be seen how far this
sequence of reactions is determined by the re-
activity of the carbonyl group of the “‘new”
aldehyde, the differential solubilities of the two
possible reaction products and the relative con-
centrations of the reactants.

The experiments described in this paper were
carried out under the auspices of the Scientific
Department of the Israeli Ministry of Defense.

Experimental Part

1. Monobenzalpentaerythritol (II, R = H).—To a
solution of 136 g. (1 moleg, of pentaerythritol in 1000 ml.
of water, 106 g. of benzaldehyde and 5 ml. of concentrated
hydrochloric acid (d. 1.19) were added. The mixture
wag shaken for five hours and then kept for twenty-four
hours. The crystals were collected, washed with water,
and recrystallized from 1500 ml. of water, which was made
slightly alkaline by addition of sodium carbonate. A
second recrystallization from toluene (1.3 to 1.5 1.) gave
175 g. of pure benzalpentaerythritol (80%); rhombic
plates, m.p. 133.5°. Thesubstanceis very slightly soluble
in ether or carbon tetrachloride but dissolves readily in
polar solvents, such as methanol, ethanol and acetone.

Anal. Caled. for CypHsO4: C, 64.3; H, 7.1. Found:
C,64.4; H,7.1.

2. Benzalpentaerythritol Dibenzoate.—A solution of
11.2 g. of monobenzalpentaerythritol in 30 ml. of pyridine
was treated with 15 g. of benzoyl chloride, which caused
an exothermic reaction. After twenty-four hours, 100
ml. of 109, sulfuric acid was added with cooling, and the
crude product filtered, washed with water and sodium
carbonate solution and recrystallized from isopropyl alco-
hol (75 ml.) or from a mixture of acetone and methanol as
glistening, long needles of m. p. 120.5°; yield 19 g. (889%,).

Anal. Caled. for CpsHpQOs: C, 72.2; H, 5.5. Found:
C,72.2; H, 54.

3. Benzalpentaerythritol Di-p-nitrobenzoate.—To a
clear solution of 11.2 g. of benzalpentaerythritol in 30 ml.
of pyridine, 20 g. of powdered p-nitrobenzoyl chloride was
gradually added. The mixture was treated as in the pre-
vious experiment. Recrystalhzatwn from acetone gave
30 g. of benzalpentaerythritol di-p-nitrobenzoate (yield
nearly quantitative); long plates, m. p. 76°.

Anal. Caled. for CstzzOmNz C 59 8 H, 42, N,
5.4. Found: C,59.8; H,4.2; N, 5.5.

It is interesting to observe that the diesters of these
monoacetals are extremely stable against acid hydrolysis.
Here, too, the absence of free hydroxyl groups has a
marked influence on the behavior of the substances.

4. Preparation of Pure Dibenzalpentaerythritol (I,
R, = R; = H).—When 6.8 g. (1/5 mole) of pentaerythri-
tol was azeotropically heated with a large excess (21 g.,
/s mole) of benzaldehyde in 100 ml. of benzene, in pres-
ence of 0.5 g. of p-toluenesulfonic acid in the manner de-
scribed by Sulzbacher, Bergmann and Pariser,’ the theo-
retical amount of water (0.1 mole, 1.8 ml.) collected in the
receiver within two hours. After elimination of half of the
solvent, and cooling, the reaction product was filtered,
washed with water, and recrystallized from butanol or
carbon tetrachloride as shiny hexagonal plates of dibenzal-
pentaerythritol; m.p. 160°; yield quantitative.!!

Anal. Caled. for CyHp»Os: C, 73.0; H, 6.4. Found:
C, 73.0; H, 6.8.

Mkhitaryan!? used p-toluenesulfonic acid as catalyst
in the preparation of aliphatic diacetals of pentaerythritol.
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5. Reaction of Dibenzalpentaerythritol with p-Nitro-
benzaldehyde.—A mixture of 3 g. of dibenzalpentaerythri-
tol, 3.3 g. of p-nitrobenzaldehyde and 0.5 g. of p-toluene-
sulfonic acid was heated for five hours in 50 cc. of benzene,
all materials having been thoroughly dried. Upon cool-
ing, most of the di-(p-nitrobenzal)-pentaerythritol (I,
Ry = = NO;) separated. (The solubility of this diacetal
in benzene at room temperature is 0.36 g. per 100 cc., while
that of dibenzalpentaerythritol is 6.0 g. per 100 cc.) The
precipitate was filtered off; the filtrate contained free
benzaldehyde. After washing with water, the product
(3.8 g.) was recrystallized from glycol diacetate; m. p.
234°, It was identified by mixed m. p. with a sample
prepared from p-nitrobenzaldehyde and pentaerythritol
in the usual manner. When the same reaction was carried
out, using anisaldehyde instead of p-nitrobenzaldehyde,
the starting materials were recovered unchanged.

6. (p-Nitrobenzal)-pentaerythritol Dibenzoate.—A
mixture of 8.6 g. of benzalpentaerythritol dibenzoate, 3.2
g. of p-nitrobenzaldehyde, 0.5 g. of a-naphthalenesulfonic
acid and 35 cc. of benzene was refluxed for six hours. The
color changed to a deep brown. After evaporation of a
third of the solvent, the product was left for twenty-four
hours at 0°, and the crystals which separated, were washed
with a little methanol and water; yield 8.9 g. (93%);
from toluene, clusters of needles, m. p. 153°.

Anal. Caled. for C3Hy3OsN: C,65.4; H,4.8. Found:
C, 65.0; H, 4.0.

7. (p-Nitrobenzal) -pentaerythritol (II, R = NO;).—
A mixture of 4.75 g. of (p-nitrobenzal)-pentaerythritol
dibenzoate, 8 ml. of 339, sodium hydroxide solution and
50 ml. of 909, alcohol was refluxed for six hours. The
color changed through reddish to deep brown. Most of
the alcohol was distilled off, and the residue triturated with,
and recrystallized from water and from ethanol as needles,
m, p. 161.5°; yield 3 g. (88%,).

Anal. Caled. for C,H,;04N: C, 53.5; H, 5.6. Found:
C,53.4; H,58.

8. Benzal-(p-nitrobenzal)-pentaerythritol (I, R, =
H,R; = NO,;) —Toaclear solution of mono (p-nitrobenzal)-
pentaerythritol (0.5 g.) in alcohol (10 ml.), 0.5 ml. of
concentrated hydrochloric acid and 1.5 ml. of a 409
alcoholic solution of henzaldehyde were added. Within
several hours, crystals separated which were collected,
washed with methanol and sodium carbonate solution, and
recrystallized from isopropyl alcohol or glycol diethyl
ether; gold-colored needles of m. p. 183°; yield almost
the theoretical.

Anal. Caled. for C]ngQOsN C, 63.9; H, 5.3; N,
3.9. Found: C,63.8; H, 5.3; 2

9. (p-Nitrobenzal) -pentaetythntol Di-p-nitrobenzo-
ate.—Benzalpentaerythritol di-p-nitrobenzoate (5.2 g.),
p-nitrobenzaldehyde (1.5 g.) and benzene (35 ml.) was
refluxed for two hours. No precipitate was formed, and
no benzaldehyde odor was detected, upon concentration
of a few drops of the solution. As soon as some crystals of
a-naphthalenesulfonic acid (0.5 g.) were introduced, a
strong reaction took place, and the solution became turbid;
after ten to fifteen minutes, the flask was full of crystals.
The substance was heated for another thirty minutes and
the product filtered after twenty-four hours and washed
with methanol and water; 5.5 g. of the desired compound
was obtained; theoret:cal yield. Recrystallization from
toluene or glycol diethyl ether gave slightly yellowish
needies, m. p. 133°.

Anal. Caled. for Cy4H, 0y N;: N, 7.4, Found: N, 7.7.

Summary

In presence of acidic catalysts, p-nitrobenzalde-
hyde replaces the benzal residue in dibenzalpenta-
erythritol, and in the dibenzoate and di-(p-nitro-
benzoate) of monobenzalpentaerythritol. From
the mono-({p-nitrobenzal)-pentaerythritol, thus
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made accessible, mixed acetals can be prepared.
A mechanism for the exchange reaction has
been proposed.
A procedure for the preparation of pure mono-

Ke1rr: Sisipo, Hirost Nozakl aAND OsaMu KURIHARA
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benzal- and pure dibenzalpentaerythritol is de-
scribed.
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The Preparation of Synthetic Estrogens.

V.! New Routes to 3,3-Bis-(p-

hydroxyphenyl)-4-hexanone and the Allied Substances

By Ke1r1 Sisipo, Hitost NozaxgI AND OsaMUu KURIHARA

3,3-Bis-(p-hydroxyphenyl)-4-hexanone and its
derivatives, viz., ethers and esters, have been used
as key intermediates in the synthesis of diethyl-
stilbestrol.23#4 In the first paper of this series*
we described a preparation of the ketone by a pin-
acolone rearrangement of 3,4-di-p-anisyl-3,4-hex-
anediol as well as the succeeding conversion of the
product to diethylstilbestrol. In the course of
subsequent investigations we have developed new
methods for the preparation of the pinacolone de-
rivatives.

The first one consists in an adaptation of the
condensation between phenol and biacetyl that
we had reported in the previous paper.! Conden-
sation of phenol with bipropionyl in place of bi-
acetyl by the action of sulfuric acid resulted in
the formation of the desired 3,3-bis-(p-hydroxy-
phenyl)-4-hexanone. Since the ketone formed a
viscous oil, it was converted into the crystalline
diacetate? for the identification.

It is of interest to note the structural resem-
blance between the pinacolone and analgesic ami-
noketones of the ‘“‘amidone’” (methadon) series.
Amidone and the allied substances may be re-
garded as mixed pinacolones, since in these ke-
tone derivatives two phenyl radicals and a $-ami-
no-substituted alkyl group are attached to a quat-
ernary carbon atom adjacent to a carbonyl group.
Accordingly, methods® for synthesizing the anal-
gesics may also be applicable to the preparation
of estrogenic stilbestrol derivatives. This consti-
tutes another approach to the pinacolone.

Di-p-anisylacetonitrile was ethylated in the
presence of sodium amide and the resulting «,a-
di-p-anisyl-n-butyronitrile, a new compound, was
treated with ethylmagnesium bromide. Hydroly-
sis of the reaction product with hydrochloric acid
yielded 3,3-di-p-anisyl-4-hexanone. In the course
of this Grignard reaction, when the dianisylbu-
tyronitrile was mixed with 5 moles of ethylmagne-
sium bromide and was heated at 130-170° for
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two and a half hours, there took place, besides the
Grignard condensation, demethylation in the ani-
syl groups; acetylation of the resulting product
gave 3,3-bis-(p-acetoxyphenyl)-4-hexanone, which
did not depress the m. p. of the specimen obtained
in the condensation of phenol with bipropionyl.
The third method for the pinacolone synthesis"
is a modification of this process in which a Grig-
nard reagent is used instead of sodium amide as a
condensing agent. We have discovered that
treatment of a reaction mixture obtained from di-
phenylacetonitrile and methylmagnesium iodide
with benzyl chloride, followed by heating at 60-
110° during eight hours, gave 1,2,2-triphenyl-3-
butanone in a 64%, yield based on the diphenyl-
acetonitrile. If this reaction was interrupted after
a three-hour heating at 50-65°, a,a,3-triphenyl-
propionitrile was obtained in a 679, yield. Un-
doubtedly the first step of this reaction consists in
a replacement of the active hydrogen of the di-
phenylacetonitrile with a halomagnesium residue
of the Grignard reagent. The halomagnesium
residue thus attached to the nitrile is then sub-
stituted with benzyl radical. In this reaction,
when there is an excess of the Grignard reagent, it
adds to the nitrile group in the usual way yielding
a mixed pinacolone, 1,2,2-triphenyl-3-butanone.

(CeH):CH—CN + CH;Mgl —>

CsH;CH.Cl CH;MgI
(CGHQ)QC—CN — (CGH,)ZC'—'C.\I ————
|
Mgl CH.CsH;
CsH,
|
CeHaCHg—C':—COCHa
CsHs

Similar reactions of a Grignard reagent have been
observed recently by Hauser, Saperstein and Shiv-
ers,® by Stanley and Wawzonek” as well as by Fu-
son and Porter.?

Unfortunately lower yields of the pinacolone
derivatives were obtained in the reactions of di-
phenyl- and of di-p-anisylacetonitriles with methyl
or ethyl iodide in the presence of appropriate
Grignard reagents. There resulted also unalkyl

(6) Hauser, Saperstein and Shivers, sbid., 70, 606 (1948).

(7) Stanley and Wawzonek, ¢hid., 68, 1157 (1946).
(8) Fuson and Porter, $bid., 70, 895 (1948).



