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This will not affect materially the carbon—chlorine
distance of 1.72 A. we obtained assuming 1.54 A.

Of the compounds discussed in this paper only
ethyl chloride and ethyl bromide have been
studied previously by the electron diffraction
method.’® The results were: 1.81 = 0.1 A. for
the carbon—chlorine distance in ethyl chloride and
2.07 = 0.07 A. for the carbon-bromine distance in
ethyl bromide. Both of these values are some-
what higher than the values reported by us. We
believe our values to be more reliable because of
the advances which have been made in electron
diffraction technique since the other work was done.

Summary

Electron diffraction has been used to determine
(18) L. Bru, A#ial. soc. espafi. fis. quim,, 81, 115 (1933).
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the molecular structures of ethyl chloride, ethyl
bromide, isopropyl chloride, isopropyl bromide,

methyl chloroform and isocrotyl chloride. The
results are given in Table VII.

TasBLE VII

C-Cl distance,

Compound A. C-C-Cl angle
Ethyl chloride 1.76 = 0.02 111° 30" = 2°
Isopropyl chloride 1.75 = 0.03 109 = 3°

C-Br C-C-Br
Ethyl bromide 1.91 =0.02 109 = 2°
Isopropyl bromide 1.91 = 0.03 109° 28’ = 3°

c-C1 c-c-Ct
Methylchloroform 1.76 = 0.02 109 = 2°
Isocrotyl chloride 1.72 = 0.02 123 = 2°
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The Constitution of Natural Tannins.

VI.!

Coloring Matters Derived from 2,5-

Dihydroxyacetophenone

By ALFRED RusSELL AND SAMUEL FRIEND CLARK®

The material already reported includes a de-
scription of polyhydroxychalcones derived from
various = 2-hydroxy ketones (notably resaceto-
phenone, phloracetophenone, and gallacetophe-
none) and hydroxyaldehydes (notably protocate-
chualdehyde, wvanillin, m-hydroxybenzaldehyde,
and p-hydroxybenzaldehyde). By reduction of
these 2’-hydroxychalcones with zinc dust and di-
lute alcoholic acids are obtained light colored
amorphous products; when these amorphous
products are water-soluble (those derived from
protocatechualdehyde only), they are qualita-
tively indistinguishable from natural phlobatan-
nins. On various grounds it is probable that the
amorphous products are flavopinacols hydroxyl-
ated on the patterus of the parent chalcones; for
the sake of simplicity they are formulated as of the
bis type, although their structure may be more
complicated.

To continue the series so far described, polyhy-
droxychalcones derived from the various hydroxy-
aldehydes with three other hydroxy ketones should

(1) The present paper forms a continuation of a series of five
articles published in the Journal of the Chemical Society; Russell
and co-workers, J. Chem. Soc., 218, 1066, 1506, 1940 (1934); 421
(1937); cf. also Russell, Chem. Rey., 17, 155 (1835).

(2) From a dissertation submitted to the Faculty of the University
of North Carolina in partial fulfilment of the requirements for the
degree of Doctor of Philosophy, June, 1939.

be examined; these ketones are the dihydroxy-
acetophenones, 2,3-, 2,6- and 2,5-. The reason for
selecting 2,3-dihydroxyacetophenone is the fre-
quent occurrence of catechol as a fission product
of natural materials, it not being at all certain
that this always comes from a benzopyran com-
pound hydroxylated in the 3’,4’-positions (I)—
an hydroxyl group may in some cases be located
in the 8-position (II) (the second one ortho to the
first appearing after fission). 2,6-Dihydroxy-
acetophenone must be included because of the
frequent occurrence of resorcinol, not necessarily
resulting from a compound hydroxylated in the
T-position (III) but possibly from a compound
hydroxylated in the 5-position (IV). 2,5-Dihy-
droxyacetophenone is selected because of the
occasional occurrence of quinol as a decomposition
product of natural materials, suggesting a benzo-
pyran compound hydroxylated in the 6-position
(V). In particular, the monomethyl ether of
quinacetophenone has been isolated as a decom-
position product of a yellow coloring matter from
a European variety of stemless primrose.?
Moreover, Nierenstein® has reported finding
quinol amongst the decomposition products of

quebracho tannin.

(3) Goris and Canal, Compt. rend., 200, 1990 (1935).
(4) Nierenstein, Collegium, 65 (1905).
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There are now described syntheses of polyhy-
droxychalcones,® flavanones, and anthocyanidins
derived from 2,5-dihydroxyacetophenone (quina-
cetophenone) and various hydroxyaldehydes.
The anthocyanidins are of the luteolinidin type,
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containing no hydroxyl group in the 3-position.
There is also included a qualitative comparison of
the amorphous reduction product of 3,4,2',5'-
tetrahydroxychalcone—bis - (6,3',4' - trihydroxy)-
flavopinacol—with natural hemlock and mimosa
tannins in aqueous solution.

The synthesis of a typical stable polyhydroxy-
chalcone may be outlined first. Quinacetophe-
none dibenzoate (VI) was condensed with proto-
catechualdehyde dibenzoate (VII) in solution of
dry ethyl acetate using anhydrous hydrogen
chloride to give 3,4,2',5'-tetrabenzoyloxychalcone
(VIII). This, by debenzoylation with alcoholic
potassium hydroxide, gave 3,4,2",5'-tetrahydroxy-
chalcone (IX) and 6,3’ 4’-trihydroxyflavanone
(X). The chalcone is stable in the sense of re-
maining unchanged by ordinary laboratory treat-
ment of the dry solid. However, an easy equilib-
rium exists between the flavanone and chalcone
in dilute alcoholic solution, the formation of the
flavanone being favored at higher temperatures.

(5) The numbering system used for the hydroxychalcones is that
of Chemical Abstracts, following the original system of v. Kastanecki.
The benzene ring nearer the carbonyl group bears the prime numbers.
It is to be noted that this i3 codtrary to the Euglish system of the
British Chemical Abstracts and the Journal of the Chemical Society.
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This made the task of isolating a pure sample of
the chalcone extremely difficult.

The ready formation of flavanone has been
noted by v. Kostanecki,® who has isolated flava-
none to the exclusion of chalcone in two cases
(XTand XII). Further, it is in concordance with

CH,0
cmo/\ CH— -
b,

Co
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Ee) .
CH:,O\ )~ CH»
co
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the suggestion of Wheeler? that
this process of making poly-
hydroxychalcones might, in
some instances, give rise to

" 0Bz

VITI
V some quantity of flavanone.
Reduction of pure 6,3’,4/-tri-
““on  hvdroxyflavanone (X), or of
4 mixture of flavanone and
=CH, /OH

3,4,2",5'-tetrahydroxychalcone
IX (IX) consisting mostly of the

latter, with zinc dust and alco-
holic hydrochloric acid, gave an amorphous light
red material—bis-(6,3,4'-trihydroxy)-flavopinacol
(XI11).

oH /"\oH
e Lo
HO‘\/CO~CH—_-CH\\/‘OH
X
‘ ) _oH y —
V CH- < SOH |
HO\ /. CH,
Co ‘
o/ OH
Y NCH— OH
(YO
HO\ \C/CHE
, OH
: XII1
 OH
e
HOY Y QICHZ
\ Ao G Dos
OH

(8) Woker, v. Kostanecki and Tambor, Ber.,, 86, 4235 (1903);
v. Kostanecki and Lampe, sbid., 87, 773 (1904),
(7Y Nadkarmi and Wheeter, J. Chem. Soc.. 1320 (1938).
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Similarly to the above-described synthesis of a
polybenzoyloxychalcone, the preparation of seven
other polybenzoyloxychalcones was accomplished.
These were 4,2',5'-tribenzoyloxychalcone (XIV)
from p-hydroxybenzaldehyde, 3,2’,5'-tribenzoyl-
oxychalcone (XVI) from m-hydroxybenzaldehyde,
4,2’ ,5'-tribenzoyl-oxy-3-methoxychalcone (XI1X),
vanillin, 2,2",5'-tribenzoyloxychal-
cone (XXI) from salicylaldehyde,
2,4,2",5" - tetrabenzoyloxychalcone
(XXV) from resorcylaldehyde,
2,4,2',5'-tetrabenzoyloxy-6-methyl-
chalcone (XXVIII) from orcylalde-
hyde, and 2,4,6,2’,5'-pentabenzoyl-
oxychalcone (XXXI) from phloro-
glucinaldehyde. With the exception
of the last one, which is an oil, the
polybenzoyloxychalcones are pale
yellow, difficultly crystalline and without sharp
melting points.

Considerable difficulty was experienced in effect-
ing debenzoylation of the polybenzoyloxychal-
cones without causing fission of the products to
initial materials. Even under the mild condi-
tions of saponification finally adopted, the prod-
uct required was always accompanied by some
quantity of quinacetophenone (the hydroxyalde-
hydes are more soluble and do not appear). This
is evidenced by the fact that, although the yield
of polybenzoyloxychalcone was upward of 709, of
the theoretical, the actual yield of polyhydroxy-
chalcone and other products by hydrolysis in
many cases was below 409, of the theoretical. It
is clear that the polyhydroxychalcones hydroxyl-
ated on the 2’,5'-pattern are particularly sensitive
to alkaline fission. Thus, the results were so varied
as to necessitate separate description.

The synthesis of 4,2/,5'-trihydroxychalcone
(XV) proceeded comparatively smoothly with
some accompanying quinacetophenone, but no
flavanone.

OBz
BzO\ /CO—CH==CH

XVI

OH
CO—-CH—CH

The synthesis of 3,2’,5’-trihydroxycha.lcone
(XVII) furnished some difficulty, because the
chalcone was accompanied by quinacetophenone
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and almost an equal quantity of 6,3’-dihydroxy-
flavanone (XVIII). The equilibrium between
chalcone and flavanone was more evenly balanced
in this instance than in that first described (IX
and X); consequently, the separation of the two
substances by fractional crystallization from dilute
alcohol was comparatively easy.

OH
HO CO—CH=CH OH

XVII
+
o, OH
/T NCH——
L
NS
Cco
XVIII

4,2’ 5'-Trihydroxy-3-methoxychalcone (XX)
was prepared with some accompanying decom-
position. In this case the benzoyloxychalcone
more stubbornly resisted the action of alkali and
was recovered in part. No flavanone could be
found, although it appears probable that repetition
of the synthesis here or in the case of 4,2’,5'-tri-
hydroxychalcone might yield some quantity of
flavanone.

OBz OBz
—_—
z0 CO—CH=CH OCH;
XIX
OH OH
HO\ /CO—CH=CH\_JOCH,
XX

In those cases where the liberated hydroxy-
chalcone had an hydroxyl group in the 2-position,
acidification of the alkaline solution after debenzo-
ylation caused cyclization to the anthocyanidin.
Thus, 2,2/,5'-trihydroxychalcone (XXII) gave
2’,5’-dihydroxy-2-phenylbenzopyrylium chloride
(XXIV) on boiling with 109, hydrochloric acid.
The accompanying production of 6,2’-dihydroxy-
flavanone (XXIII) in considerable quantity was
noted. It is believed to be a rare occurrence for
a flavanone to be formed in competition with an
anthocyanidin.

The benzoyloxychalcone (XXV) from resor-
cylaldehyde was converted to the anthocyanidin—
7,2',5"-trihydroxy - 2-phenylbenzopyrylium chlo-
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The polyhydroxychalcones are various
shades of orange, the color deepening as the
number of hydroxyl groups increases, and
are definitely crystalline with sharp melting
points. The anthocyanidins are red in color
and are associated with water of crystalliza-
tion, as R. Robinson® previously has noted in
other instances. The flavanones are white
crystalline substances with a faint yellowish
tinge. The flavopinacol is a light red amor-
phous powder that is difficult to dry and retains

droxychalcone (XXVT). traces of solvents with great obstinacy—its
5207 \oB AN 1o \oH o analy51§ was not attemp'ted. .

i ¢ 2 Do) 3 In view of the relationship be-

CH_—_CH—-CO’\ /OBz l\/ JCH=CH—CO N /OH tween chalcone and flavanone ex-

XXV ’ XXVT hibited in the present work, it may

be that such a relationship exists in

Cl Ty other series. For example, Kurth®

%

XXVII

Similarly, the benzoyloxychalcone (XXVIII)
from orcylaldehyde was converted to 7,2°,5'-tri-
hydroxy-5-methyl-2-phenylbenzopyrylium chlo-
ride (XXX).

HOI/\O ——Q

has reported the synthesis of yellow
3,4,2",3’,4’ - pentahydroxychalcone,
m. p. 249°, by the action of cold
alkali on gallacetophenone and
protocatechualdehyde, followed by acidification
and crystallization from dilute alcohol. This sub-
stance was previously reported by Russell? as a
deep orange material, m. p. 233°. Since the color
of polyhydroxychalcones deepens

OH

Bz0¢” \OBz BzO" N . RO OH HO (yellow-deep orange) as the number
CH=CH-—CO\, /IOBz \/QCI.{____CH,_,,COk\ /:OH of hydroxyl groups increases, it is
&H, ~ &, - possible that Kurth’s product is the
XXVII f XXX corresponding flavanone.  More-
i over, the fact that it gave a penta-

Cl . .
B HO benzoate is not relevant evidence
HO ( \} D that it is a pentahydroxychalcone,
! ,,‘\ . OH as many instances are on record!
Y xxx where acylation of hydroxyflava-
nones produced the fully acylated

Finally, the synthesis of 5,7,2',5"-tetrahy- chalcones corresponding.

droxy-2-phenylbenzopyrylium chioride (XXXIII)
was accomplished from the benzoyloxychalcone
(XXXI). Some difficulty was experienced in
isolating this substance due to the usual decom-
position and its appreciable water solubility.

The table below gives a qualitative comparison,
by means of various reagents, of bis-(6,3",4'-
trihydroxy)-flavopinacol with natural hemlock
and mimosa tannins, using approximately 19
aqueous solutions. It will be seen that the re-
semblance is very close.

BzO OBz BzO, HO, OH HO
| JeH=cH—coOl JoB: CH=CH—CO\_ JoH Experimental
BzO XXXI HO XXXI1 Quinacetophenone.—This ketone was
prepared more than twenty times, A typi-
9_1 HO (8) Cf. Irvine and Robinson, J. Chem. Soc.,
HO 0 Q 2091 (1927).
(9) Kurth, THIS JoURNAL, 61, 861 (1939).
OH (10} Cf. Asahina, Shinoda and Inubuse, J.
Ve Pharm. Soc. Japan, 48, 207 (1928); C. 4., 23,
0 XXXIIT 2946 (1928), for discussion.
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Reagent

Alcoholic FeClg
Aqueous FeCls

Gelatin
Lead acetate

Boiling dil. HCl (phloba-
phene reaction)

Bromine water

Calcium hydroxide

Sodium sulfite
HCHO + HC1
Nitrous acid
Copper sulfate

Aqueous NH;
Potassium dichromate
Potassium ferricyanide
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TaBLE I

bis-(6,3’,4’-Trihydroxy-
flavopinacol)

Dark green color
Dark green color; dark ppt.

Dirty white ppt.

Light colored ppt. soluble in
acetic acid

Solution reddens slowly and
red-brown ppt. separates

Immediate heavy yellow ppt.

Faint green ppt. with blue-
violet fluorescence

Yellow color

Ppt. on warming

Immediate brown ppt.

No change in color; addition
of NH; gives dark ppt.

Solution darkens slowly

Brown precipitate

Yellow-orange color, turning

orange-brown on NH; addition

Hide powder

Absorbed quantitatively

Hemlock tannin

Dark green color
Dark green color; dark ppt.

Dirty white ppt.

Light colored ppt. soluble in
acetic acid

Solution reddens slowly and
red ppt. separates

Immediate heavy yellow ppt.

Pink color; faint pink ppt.

Pink color

Ppt. on warming

Immediate brown ppt.

Faint green color; addn. of
NH; gives heavy dark ppt.

Solution darkens slowly

Brown precipitate

Orange-red on NH; addition

Absorbed quantitatively
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Mimosa tannin

Dark blue-violet color

Dark blue-violet color; dark
ppt.

Dirty white ppt.

Light colored ppt. soluble in
acetic acid

Solution reddens slowly and
red ppt. separates

Immediate heavy orange ppt.

Violet color; faint violet
ppt.

Pink color

Ppt. on warming

Immediate brown ppt.

Faint green color; addn. of
NH; gives heavy dark ppt.

Solution darkens slowly

Brown precipitate

Orange-red on NH; addition

Absorbed quantitatively

cal run is cited. Quinol (100 g.) was dissolved in boiling
glacial acetic acid (200 cc.). Freshly fused zinc chloride
(400 g.) was added, and the mixture refluxed for an hour.
The temperature rose to 150-165°, and the solution became
dark red. At the end of the reflux period the solution
was poured into ice water. The precipitated crude quin-
acetophenone was recrystallized from dilute alcohol with
several charcoal treatments. Quinacetophenone crystal-
lized in greenish-yellow plates, m. p. 200-201°. Theyield
averaged 20-25%, being rather low due to the necessity of
heavy charcoaling tofree the ketone from colored material.

Preparation of Aldehydes.—Protocatechualdehyde was
prepared by the method of Pauly!! from piperonal. Re-
sorcylaldehyde, orcylaldehyde, and phloroglucinaldehyde
were prepared by the Adams modification?? of the Gatter-
mann reaction, using the corresponding phenol, zinc cya-
nide, and dry hydrogen chloride in ice-cold ether solution.
Vanillin, salicylaldehyde, p-hydroxybenzaldehyde, and m-
hydroxybenzaldehyde were the best Eastman Kodak Co.
grade, )

Preparation of Benzoates.—The same method was
employed for all benzoates. The ketone or aldehyde (0.3
mole) was dissolved in pyridine (150 cc.) and benzoyl
chloride in 10-15% excess of that required to benzoylate
all hydroxy groups was added with shaking over a period
of ten minutes. The mixture was warmed on the steam-
bath for twenty to thirty minutes and then set aside over-
night at room temperature, The mixture was poured into
cold water (1500 cc.) and stirred until the benzoate solidi-
fied. It was usually tan to light brown in color. The
crude material was washed thoroughly with water and
finally with dilute hydrochloric acid. It was then re-
crystallized from alcohol (charcoal) and dried in the air,
The yields were in the range 65-909%,, depending on the
purity of the initial material. The benzoates were all

(11) Pauly, Ber., 40, 3098 (1907).
(12) Adams and Levine, Tris JoUurNaL, 48, 2373 (1023).

colorless, although quinacetophenone dibenzoate was dif-
ficult to obtain free from yellow coloration.

TaBLE IT
Benzoate M. p., °C. % yield
Quinacetophenone 113 88
p-Hydroxybenzaldehyde 89 81
m-Hydroxybenzaldehyde 37-38 65
o-Hydroxybenzaldehyde B. p. 208 (15 mm.) 60
Vanillin 97 73
Protocatechualdehyde 75 78
Resorcylaldehyde 98 85
Orcylaldehyde 134-135 82
Phloroglucinaldehyde 130 46

m-Benzoyloxybenzaldehyde.—This benzoate apparently
has not been reported before. It melted at a rather low
temperature, which necessitated dissolving it in alcohol at
room temperature and immersing the solution in a freezing
mixture of salt and ice to induce crystallization. It crys-
tallized in colorless prismatic needles, m., p. 37-38°.

Anal. Caled. for CiuH;00z: C, 74.3; H, 4.5. Found:
C,742; H, 4.5.

Resorcylaldehyde Dibenzoate.—This benzoate has not
been reported previously. It crystallized from alcohol in
clusters of colorless prismatic needles, m. p. 98°. Anal.
Caled. for CyHOs: C, 72.8; H, 4.1. Found: C, 72.5;
H, 4.1.

Orcylaldehyde Dibenzoate.—This benzoate has not been
reported previously. It crystallized from alcohol as a mass
of white felted needles, m. p. 134-135°, Anal, Caled. for
CpHs0s: C, 73.3; H, 4.5. Found: C, 73.1; H, 4.5.

General Method for Benzoyloxychalcones.—Quinaceto-
phenone dibenzoate (0.07 mole) and the aldehyde benzoate
(0.07 mole) were dissolved in anhydrous ethyl acetate
(850-400 cc.) (dried over calcium chloride, distilled, and
stored over sodium sulfate). Dry hydrogen chloride was
passed in for two to five days at ice temperatures. The
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soltion turned in color from a pale yellow to a clear dark
red. When the solution had been thoroughly saturated
for at least a day, it was evaporated on the steam-bath toa
thick red sirup. On triturating with cold alcchol, the
material usually hardened after ten mimites. - It was boiled
with alcohol (100 cc,) to remove initial materials, cooled to
room temperature, and the alcohol decanted. The ma-
terial was considered sufficiently pure for conversion to the
free hydroxychalcone. For analysis a sample of the
benzoyloxychalcone was recrystallized from alcohol, in
which it was difficultly soluble,

It had been found previously!® that benzoyloxychalcones
retained alcohol rather tenaciously, which tended to dis-
turb the analytical results. The benzoyloxychalcones
were dried in a vacuum desiccator over sodium hydroxide
for several days at rooin temperature. The analytical re-
sults were in rather good agreement with the calculated
values, considering the nature of the substances.

General Method for Hydroxychalcones.—The prepara-
tion of the free hydroxychalcones from the benzoyloxy-
chalcones constituted an unexpected and stubborn prob-
lem. The debenzoylation of benzoyloxychalcones de-
rived from resacetophenone and phloracetophenone pro-
ceeded smoothly under the conditions previously de-
seribed.! - Repetition of this work in the case of 4,27,4'-
trihiydroxychalcone and 4,2’,4'-trihydroxy-3-methoxychal-
cone gave the expected results without difficulty. The
method of debenzoylation involved solution of the ben-
zoyloxychalcone in acetone, replacement of acetone by
alcohol, slow addition under nitrogen of an aqueous solu-
tion of twice the theoretical quantity of potassium hydrox-
ide, distillation of the alcohol over a period of three to
four hours, cooling, and finally acidification of the solution
to precipitate the hydroxychalcoue.

When this method was applied to representative ben-
zoyloxychalcones in the quinacetophenone series, hy-
drolytic fission of the molecule occurred at the double
bond, and quinacetophenone appeared on acidification.
The aldehydes were soluble and did not appear. Numer-
ous modifications of the procedure were tried with the view
to decreasing the extent of fission at the double bond.
It was thought that the excess of potassium hydroxide
together with the extended heating period were responsible
for the decomposition. (The heating period was quite
long due to the large amount of alcohol required to dissolve
the benzoyloxychalcones, which seem more insoluble than
those of other series.) Accordingly, the following scheme
finally was worked out.

The benzoyloxychalcone from the above preparation
was introduced into a 3-necked, 1-liter flagk, so placed in a
steam-bath that most of the surface could be heated di-
rectly by the live steam. The small necks of the flask
were fitted with a dropping funnel and a tube bent down-
ward for distillation. The large neck bore a mercury-seal
stirrer and a gas inlet tube. Alcohol (500-800 cc.) was
added and brought to boiling with mechanical stirring
under an atmosphere of nitrogen. No attempt was made
to dissolve - the benzoyloxychalcone completely. An
aqueous solution. of potassium hydroxide {1 g. excess over
requisite theoretical quantity in 200 cc. of water) was
added over a period of forty to sixty minutes to the boiling
solution. The color turned frem a pale yvellow to a dark
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red, and all suspended matter disappeared. Distillation
of the alcohol was continued for an hour longer until the
original volume was collected.

The solution was then chilled in an ice-bath and acidified
with dilute sulfuric acid (20 cc. of coned. acid in 50 ce. of
water). The precipitated chalcone and benzoic acid were
filtered off and washed with cold water. Separation of
the benzoic acid was effected either with cold sodium
bicarbonate solution or with hot benzene in a Soxhlet.
The specific method employed is described in each case
below. The resulting hydroxychalcone contained quin-
acetophenone and in certain instances flavanone. These
were separated by fractional crystallization from dilute
alcoholic solutions, the quinacetophenone being more
soluble than the hydroxychalcone and the flavanone
less soluble. Due to the apparently unavoidable decom-
position and to the tedious separation required, the yields
(calculated on the basis of quinacetophenone dibenzoate)
were much lower than those previously reported.?

4,2',5'-Tribenzoyloxychalcone.—Quinacetophenone di-
benzoate (0.07 mole) and p-benzoyloxybenzaldehyde (0.07
mole) were converted to the benzoyloxychalcone, a pale
yellow semi-crystalline solid, m. p. 134-136°, The yield
was 31 g. (78%). Amnal. Calcd. for CyHyOr: C, 76.0;
H, 4.3. Found: C, 75.3; H, 4.5.

4,2’,5’-Trihydroxychalcone.—The benzoyloxychalcone
(31 g.) was debenzoylated as described above. The
hydroxychalcone was separated from benzoic acid by
extraction of the latter with cold dilute sodium bicarbonate
solution (12 g. sodium carbonate in 200 cc. of water satu-
rated with carbon dioxide). The chalcone was filtered,
washed with cold water, and recrystallized from 859
alcohol (600 cc.). The yield was 10g. (56%). The crys-
tals were orange-yellow prismatic needles, m. p. 222-224°,
Anal. - Caled. for CiHpO4: C, 70.3; H, 4.7. Found:
C, 70.3; H, 4.8, No trace of flavanone could be found.

3,2',5’ - Tribenzoyloxychalcone.—Quinacetophenone di-
benzoate (0.07 mole) and m-benzoyloxybenzaldehyde (0.07
mole) were converted to the benzoyloxychalcone, a light
yellow semi-crystalline solid, m. p. 174-175°, The yield
was 27 g. (679%). Anal. Caled. for CseHaOr: C, 76.0;
H,43. Found: C, 75.6; H, 44.

3,2’,5'-Trihydroxychalcone.—The benzoyloxychalcone
(27 g.) was debenzoylated as described above. The
hydroxychalcone was separated from benzoic acid by ex-
traction of the latter with cold dilute sodium bicarbonate
solution (12 g. sodium carbonate in 250 cc. of water satu-
rated with carbon dioxide). The chalcone was filtered
and washed with cold water. The product proved to be a
mixture, containing quinaeetophenone, chalcone, and
flavanone. The chalcone was finally separated by frac-
tional crystallization from 209, alcohol as orange needles,
m. p. 204-206°. The yield was 3.5 g. (20%). Amnal.
Caled. for CyHO4: C, 70.3; H, 4.7. Found: C, 70.2;
H, 4.8,

6,3 '-Dihydroxyflavanone,—The flavanone was separated
from. the corresponding chalcone by fractional crystalliza-
tion.. It was finally crystallized in colorless needles, hav-
ing faint yellow coloration, m. p. 234-236°, from 70%,
alcohol (charcoal), The yield was 2.0 g. (129%). Anal.
Caled. for C)eH ;04 C, 70.3; H, 4.7. Found: C, 70.4;
H, 46
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4,2',5’ - Tribenzoyloxy - 3 - methoxychalcone.—Quin-
acetophenone dibenzoate (0.07 mole) and vanillin benzo-
ate (0.07 mole) were converted to the benzoyloxychalcone,
a pale yellow semi-crystalline solid, m. p. 145-147°.
- The yield was 37 g. (88%).

Anal. Caled. for CepHOs: C, 74.2; H, 44. Found:
C,74.1; H, 4.5.

4,2’.5'-Trihydroxy-3-methoxychalcone.—The benzoyl-
oxychalcone was debenzoylated as described above.
The hydroxychalcone was separated from benzoic acid
by extraction of the latter with cold dilute sodium bi-
carbonate solution (12 g. sodium carbonate in 250 cc. of
water saturated with carbon dioxide). The chalcone was
dissolved in dilute alcohol and filtered. The residue was
unconverted benzoyloxychalcone (10 g.). The hydroxy-
chalcone crystallized in dark orange needles, m. p. 172—
178°. The yield was 5 g. (46%). Anal. Caled. for
CieHuOs: C, 67.1; H, 49. Found: C, 67.1; H, 5.0.
No trace of flavanone could be found.

3,4,2',5' - Tetrabenzoyloxychalcone.—Quinacetophenone
dibenzoate (0.14 mole) and protocatechualdehyde diben-
zoate (0.14 mole) were converted to the benzoyloxychal-
cone, a pale yellow semi-crystalline solid, m. p. 182-184°,
The yield was 75 g. (78%,). Amnal. Caled. for CiHzs04:
C, 75.0; H, 4.1. Found: C, 74.7; H, 4.2.

3,4,2’,5'-Tetrahydroxychalcone.—The benzoyloxychal-
cone was debenzoylated as described above. The chalcone
was separated from benzoic acid by extraction of the latter
with hot benzene in a Soxhlet. (The 3,4-dihydroxy group-
ing increases the water solubility of the chalcone to the
point where the sodium bicarbonate solution would dis-
solve an appreciable amount, Since the benzene solubility
is at the same time decreased, this method of separation
was used successfully.) The crude material was recrys-
tallized from dilute alcohol (1 liter). The recrystallized
product obtained weighed 25 g. (66%). However, it was
found to be a mixture of chalcone and flavanone. At-
tempted fractional crystallization from dilute alcohol
seemed to establish the equilibrium between chalcone
and flavanone in favor of the latter. Consequently, only
a small amount of pure chalcone (less than a gram) was
obtained. It crystallized in dark orange micro-crystals,
m. p. 225-227°. Amnal. Caled. for CiH1205: C, 66.1;
H, 45. Found: C, 65.8; H, 4.6.

6,3',4'-Trihydroxyflavanone.—The flavanone was sepa-
rated from the chalcone by fractional crystallization and
finally by the action of charcoal. It crystallized in a mass
of white felted needles with a slight yellowish tinge, m. p.
218-220° (dec.). Amal. Caled. for C;;Hi.0:: C, 66.1;
H,4.5. Found: C, 66.1; H, 4.5.

2,2',5'-Tribenzoyloxychalcone.~—Quinacetophenone di-
benzoate (0.07 mole) and salicylaldehyde benzoate (0.07
mole) were converted to the benzoyloxychalcone, a bright
yellow semi-crystalline solid, m. p. 137-139°. The yield
was 32.5 g. (829%). Anal. Caled., for CaHxOr: C,
76.0; H,4.3. Found: C, 75.6; H, 4.3.

2',5'-Dihydroxy-2-phenylbenzopyrylium Chloride.—The
benzoyloxychalcone (27.5 g.) was debenzoylated as de-
scribed above. The free hydroxychalcone was precipi-
tated with hydrochloric acid and separated from benzoic
acid by extraction of the latter with cold dilute sodium bi-
carbonate solution (11 g. of sodium carbonate in 150 cc.
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water saturatéd with carbon dioxide). The resulting ma-
terial was recrystallized from 109, alcoholic hydrochloric
acid, separation from a considerable quantity of quin-
acetophenone being effected. The recrystallized product
(3.5 g.) proved to consist of chalcone, flavanone, and a
very small quantity of anthocyanidin. The anthocyani-
din was separated from the chalcone and flavanone by
extraction of the latter two substances with ether in which
the salt was not soluble. The anthocyanidin (less than
1 g.) formed a reddish micro-crystalline powder, m. p. 175°
(dec.). Amal. Caled. for CyHunOsCl:'/,H:0: Cl, 12.5.
Found: Cl, 12.6. It gave a red solution in acid and a blue
solution in sodium carbonate.
6,2’-Dihydroxyflavanone.—This substance, separated
from the colored material as described above, was recrys-
tallized from dilute alcohol. It apparently is formed in
preference to the anthocyanidin, It crystallized in very
pale yellow prismatic needles, m. p. 178-180° (dec.). Anal.
Caled. for C;jH1.00H,0: C, 65.8; H, 5.1. Found: C,
66.2; H, 5.1. No attempt was made to isolate the chal-
cone of which only a trace was present.
2,4,2',5’-Tetrabenzoyloxychalcone.—Quinacetophenone
dibenzoate (0.07 mole) and resorcylaldehyde dibenzo-
ate (0.07 mole) were converted to the benzoyloxychalcone,
a yellow crystalline solid, m. p. 137-139°, The yield was
39 g. (81%). Anal. Caled. for CiHuO: C, 75.0; H,
4.1, Found: C, 74.7; H, 4.2.
7,2',5’-Trihydroxy-2-phenylbenzopyrylium Chloride.—
The benzoyloxychalcone (34 g.) was debenzoylated as
described above, The hydroxychalcone was precipitated
by the addition of hydrochloric acid and was separated
from benzoic acid by extraction of the latter with cold
dilute sodium bicarbonate solution (12 g. sodium carbonate
in 200 cc. of water saturated with carbon dioxide). The
product was crystallized from dilute alcoholic 109
hydrochloric acid. The yield of anthocyanidin was 7 g.
(39%). A portion was recrystallized for analysis. It
separated as a dark red microcrystalline powder, m. p.

190° (dec.). Its solution in acid was red and in sodium
carbonate blue. A4nal. Caled. for CisHi0.Cl-51/,H,0:
Cl, 9.1. Found: CI, 9.1.

2,4,2',5’ - Tetrabenzoyloxy - 6 - methylchalcone.—
Quinacetophenone dibenzoate (0.07 mole) and orcyl-
aldehyde dibenzoate were converted to the benzoyloxy-
chalcone, a pale yellow semi-crystalline solid, m. p. 125—
127°. The yield was 42 g. (86%).

Anal. Caled. for C4H300: C, 75.2; H, 4.3. Found:
C, 747, H, 4.5.

7,2',5' - Trihydroxy - 5 - methyl - 2 - phenylbenzo-
pyrylium Chloride.—The benzoyloxychalcone (37 g.) was
debenzoylated as described above. The hydroxychalcone
was precipitated with hydrochloric acid and separated
from the benzoic acid by extraction of the latter with
hot benzene in a Soxhlet, The brown residue was crys-
tallized from dilute alcoholic 109, hydrochloric acid as
dark, red, iridescent plates, m. p. 285-287° (dec.). Its
solution in acid was red and in sodium carbonate blue.
Anal. Caled. for CiH;s0.CI'H,O: Cl, 11.0. Found:
Cl, 11.1.

2,4,6,2',5’ - Pentabenzoyloxychalcone.—Quinacetophe-
none dibenzoate (7 g.) and phloroglucinaldehyde tribenzo-
ate (0 g.) were converted to the benzoyloxychalcone, a
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yvellow oil, which was net analyzed but transformed
into the anthoeyanidin.
5,7,2",5'-Tetrahydroxy-2-phenylbenzopyryliumm  Chlo-
ride.~~The benzoylchalcone was debenzoylated as de-
scribed above. The hydroxychalcone was precipitated
with hydrochloric acid -and was separated from benzoic
acid by extraction of the latter with celd dilute sodium
bicarbonate solution. The residue was crystallized from
109, hydrochloric acid in which it was very soluble.
The dark red crystal mass was extracted with ether, leav-
ing less than a gram of anthocyanidin. It was a brown-
ish-red crystalline powder, m. p. above 300°. Anal
Caled. for CisHuQ;CL2H0: Cl1,-104. Found: Cl, 10.3.
It gave a red solution in acid and blue in sodium carbonate.
bis-(6,3,’4’-Trihydroxy)-favopinacol.—Thisflavopinacol,
possessing the possible phlobatannin structure, was pre-
pared by reduction of pure 6,3',4'-trihydroxyflavanone (1
g.) and also by reduction of a mixture (1 g.) of flavanone
and 3,4,2’,5’-tetrahydroxychalcone, consisting mostly of
the latter., The flavanone (or mixture of chalcone and
flavanone) was dissolved in aleohol (40 cc.) and zinc dust
(5 g.) and conecd. hydrochloric acid (12 cc.) were added.
The solution was boiled for five minutes, during which
time the color changed from dark orange (in the case of the
mixture) to a pale yellow, The solution was filtered from
unreacted zinc and nearly neutralized with sodium bi-
carbonate, a tan precipitate separating. The solution
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was saturated with sodium chloride and extracted without
filtering with two portions (75 cc. each) of ethyl acetate,
The ethyl acetate was dried over sodium sulfate overnight
and evaporated on the steam-bath. Most of the remaining
solvent was removed in a vacuum desiccator over sodium
hydroxide. The final product was a light red friable
solid, retaining traces of solvent with great tenacity. It
was readily soluble in acetone, alcohol, and ethyl acetate
and partially soluble in water. The water-soluble portion
was qualitatively indistinguishable from natural phlo-
batannins such as mimosa and hemlock tannins, as indi-
cated in the table above. No analysis was attempted.

Summary

1. The production of a new flavopinacol from
quinacetophenone and protocatechualdehyde is
reported. This substance is qualitatively indis-
tinguishable from such natural phlobatannins as
hemlock and mimosa tannins.

2. New benzoyloxychalcones, hydroxychal-
cones, flavanones, and anthocyanidins derived
from quinacetophenone are reported.

3. The peculiar sensitivity of 2’,5'-hydroxy-
chalcones to alkali is noted.

Cuarer HiLr, N, C. Recemvep JuLy 1, 1939
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Alkanolamines. VII. Condensation Products of Monoethanolamine and the Iso-
meric Dichloronitrobenzenes ‘

By CHESTER B. KREMER AND AARON BENDICH

The activation of a halogeno or nitro group on
the benzene nucleus by the presence of other
substituted groups is well known. = The reactions
among such molecules and the amino alcohols
were originally investigated in these laboratories.
This present paper records our findings with the
isomeric dichloronitrobenzenes.

Quite recently, Waldkétter! has extended our
findings dealing with the condensing ability of
monoethanolamine, In general, however, he
has . dealt with benzene molecules which are
quite heavily substituted in the nucleus and
contain, usually, at least two nitro groups on the
ring. Under such -conditions, it is frequently
an active nitro group that is split out on con-
densing with the amino alcohol rather than a
halogeno group. Work carried out in our labora-
tories checks exactly with these results. Our
investigations, however, have not been limited
to reactions with the -ethanolamines and we ex-

(1) Waldkétter, Rec. trav. chim,, 87, 1284 (1938).

pect to publish these data in our next article.

The preparation of all six dichloronitrobenzenes
is not an easy task. The 2,5- and 3,4-isomers
are readily available, but the others are usually
prepared through a number of intermediate syn-
theses. The fundamental researches dealing with
the preparation of most of the isomers were carried
out by Beilstein and Kurbatow? and improved and
extended by Holleman and Reiding® and Holleman
and De Mooy.* In preparing the 3,5- and the
2,6-dichloronitrobenzenes we followed their pro-
cedures with slight modifications. 2,4-Dichloro-
nitrobenzene usually is prepared by the nitration
of m-dichlorobenzene. We synthesized this ma-
terial from a by-product formed in the synthesis
of 2,6-dichloronitrobenzene. An outline of the
complete synthesis of these three dichloronitro-
benzenes is given in Chart L.

Theoretically, it should be possible to obtain

(2) Beilatein and Kurbatow, 4xn., 188, 228 (1879).
(3) Holleman and Reiding, Rec. trav. chim., 88, 357379 (1904).
(4) Holleman and De Mooy, ibid., 38, 1~-66 (10186).



