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I n  previous work (1) i t  was noted that when certain aldehydes and 
their substitution products were condensed with acetophenone in the 
presence of sodium hydroxide, as indicated by Schmidt (2) and extended 
by Claisen and collaborators (31, both mono- and di-acetophenone deriva- 
tives were obtained. When the starting ketone contained a substituent, 
no diacetophenone derivative could be isolated. It was of interest to 
extend this work to learn if the above observations represent a general 
kind of behavior, and to gain insight into the possible mechanism of the 
change. Accordingly, a number of new ketones were prepared by con- 
densation of salicylaldehyde derivatives with acetophenone and some of 
its substitution products. As before, diacetophenone derivatives were 
obtained only when the starting ketone was unsubstituted. 

The production of the diacetophenone derivative seems to involve the 
formation of the a,@-unsaturated styryl ketone as a first step. This was 
indicated by the following facts. When a warm alcoholic solution of 
equimolecular proportions of 2-bensyloxy-5-bromobenzaldehyde and 
acetophenone was treated with 50% solution of sodium hydroxide, as 
indicated under the general method of condensation described below, and 
the product that separated was removed within three days, there was ob- 
tained an almost quantitative yield of yellow solid which, after crystalliza- 
tion, gave pale yellow needles that melted at 162-163'. Analysis for 
halogen was in good agreement with that required by 2-benzyloxy-5- 
bromostyryl phenyl ketone. When the experiment was repeated and the 
reaction mixture was allowed to remain three weeks or longer, the solid 
that separated first changed on standing to a nearly colorless mass that 
resembled sand. Purification of this material gave colorless rhombohedra 
that melted a t  99.5-100'. Analysis of this product for halogen indicated 
2-benzyloxy-5-bromobenzaldiacetophenone. In a third experiment a por- 
tion of the purified monoacetophenone derivative, m.p. 162-163', and 
acetophenone were dissolved in alcohol, 50'% solution of sodium hydroxide 
was added, and the mixture was allowed to stand. The product that 
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separated was crystallized from alcohol and was found to have the prop- 
erties of the diacetophenone derivative. A mixture of the two melted 
without depression. Apparently, acetophenone can add to the ethylenic 
linka,ge of the styryl group. 

b C H 0  CHs c 0 C6 H5 

OCHzCsHs 

D.. 

Br 

A second purpose of this study was to use the monoacetophenones ob- 
tained to test further the action of phenylhydrazine on a,@-unsaturated 
ketones, since in previous work (4) i t  was found possible in but few in- 
stances to isolate the phenylhydrazones assumed by Auwers and co-workers 
(5) to be the first products in this reaction. In many cases these hydra- 
eonesi rearrange immediately to the isomeric pyrazolines. It was hoped 
that, in accordance with the suggestion of Straus (e), increase in the number 
of substituents in the reactants would tend to stabilize the hydrazones. 

In the preparation of 2-benzyloxybenzaldehyde and its bromine sub- 
stitution products, used as starting materials in many of the condensations 
studied here, it was found that the purity of the aldehyde and the condi- 
tions of bromination are important factors. Attempts to obtain 5-bromo- 
salicylaldehyde by Piria’s (7) method, in which bromine was added to 
the aldehyde in the absence of a solvent, proved to  be unsatisfactory (see 
experimental part). It was also of interest to note the effect of a solvent. 
When acetic acid was used, a mixture of 5-bromo- and 3,5-dibromo- 
aldehyde mas produced, as noted by Bradley (8) when disalicylaldehyde 
was treated in the same way. 2-Benzyloxy-5-bromobenzaldehyde was 
previously obtained by Perkin (9), who reported that it was non-crystalline. 
He gave no further physical constants and recorded no analysis. The 
benzyloxybenzaldehyde used by him as starting material had been purified 
by distillation under ordinary pressure, and repetition of his work was 
found to give, as he had reported, a brownish oil that did not solidify. 
Distillation under a pressure of 4 mm. gave a more satisfactory product. 
Bromination of this in chloroform solution brought about two changes. 
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Halogen entered position 5 (CHO = 1) and the hydrogen bromide formed 
split the ether to give 5-bromosalicylaldehyde and benzyl bromide.2 When 
the reaction was carried through in acetic acid solution and in the presence 
of anhydrous sodium acetate, splitting was avoided, and 2-benzyloxy-5- 
bromobenzaldehyde was obtained. The position taken by halogen was 
established by preparation of the same compound by benzylation of 5- 
bromosalic ylaldehy de. 

Br 
a C H O  - Br?+ O C H O  

I OH I OH I Br I 
O C H O  - Br?+ O C H O  

0 CH2 Cs H6 0 CH2 Cs Hs 

In the preparation of the a ,&unsaturated ketones, a modification of 
Claisen’s (3) method was employed. In most cases it was found that 
they could be obtained by adding a saturated aqueous solution of sodium 
hydroxide to a warm alcoholic solution of a mixture of the required alde- 
hyde and ketone, and allowing the mixture to stand for a day or two, as 
indicated by Bablich and Kostanecki (10). A longer period of standing 
gave, when unsubstituted acetophenone was used, a diacetophenone deriva- 
tive and some tar. Formation of the latter was favored by elevated tem- 
peratures. In all cases the reaction mixture was finally diluted with 
several volumes of water, and acidified with hydrochloric acid to set free 
the new ketone. In a number of cases when low yields were obtained by 
this procedure the method of Glaser and Tramer (11) was tried. It did 
not give better results. 

In the preparation of these compounds i t  was also of interest to try 
to obtain them by two routes. It might be supposed, for example, that 
2-hydroxy-3 , 5-dibromostyryl styryl ketone could be obtained with equal 
ease by condensing 2-hydroxy-3 , 5-dibromostyryl methyl ketone with 
benzaldehyde or by condensing benzalacetone with the required substituted 
salicylaldehyde. As a matter of experiment it was shown that the first 
method only was satisfactory. The second, in this and other cases, gave 
much resinous material and low yields of the desired products. 

Several of the ketones described in this report were subjected to the 
action of phenylhydrazine with the hope of obtaining the related phenyl- 

* This behavior has been observed by Raiford and Howland [J. Am. Chem. SOC., 
63, 1057 (1931)l in many similar cases. 
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hydrazones. Previous work had shown that the most suitable solvent in 
which to conduct this reaction is glacial acetic acid. Since the solubility 
of these ketones in the acid at  room temperature is low, and because the 
hydrazones are usually rearranged by hot acid, attempts were made to 
bring about the condensation in some other solvent. Thus, when 3,5- 
dibromo-4-hydroxystyryl 4-bromophenyl ketone, dissolved in about 15 
times its weight of pyridine, was mixed with slightly more than the cal- 
culated amount of phenylhydrazine along with one molecular proportion 
of acetic acid, and the mixture was allowed to stand a t  room temperature, 
the product isolated was identical with that obtained when the ketone 
and hydrazine were brought together in boiling acetic acid. The hydra- 
zone formed in the first instance must have rearranged rapidly. In another 

HALOQEN 

Calo'd Found 

GIG 

TABLE I 
BENZALDIACETOPHENONE DERIVATIVES 

STBSTITTZENTS I N  
BENZAL R E S I D U E  

- 
2-Benz yloxyd- 

bromo- 

2-Benzyloxy-3,5 
-&bromo- 

2-Hg droxy-3.5- 
dibromo- 

YIELD 
%" 

56 

79 

80 

SOLVENT 

Toluene- 
ligroin 

Acetone 

CRYSTAL FORM 

Colorless 
rhombo- 
hedra 

Colorless 
I loo I 

C30H2dBr20a 

C28H18Br208 

1154-1551 CzaHrsBrz03 
I 

I 

27.02 26.60 

31.87 31.77 

31.87 31.74 

Q These values represent purified material. 

case, however, conducting the condensation in boiling acetic acid for 
one hour failed to convert the whole of the material into pyrazoline. In 
this reaction a mixture of 2-hydroxy-3 , 5-dibromostyryl p-anisyl ketone 
with twelve times its weight of acetic acid and the requisite amount of 
phenylhydrazine was boiled for one hour. When the mixture was cooled 
and allowed to stand, it deposited pale brown crystals which melted a t  
167-l7Oo, and which responded to a color test (17) for hydrazones of this 
group. From the mother liquor left after the separation of these crystals 
there mas isolated a product which, after further purification, was ob- 
tained in colorless needles that melted a t  193-194", which was the pyrazo- 
line. These products gave the same analytical data. When a purified 
sample of the lower-melting one was boiled for a much longer period with 
acetic acid i t  was converted into the higher-melting compound. 
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EXPERIMENTAL 

6-BromosalicylaMehyde wm first prepared by dropping bromine into salicylalde- 
hyde, m directed by Piria (7), but the method proved to  be unsatisfactory due to  
the fact tha t  the resulting solid enclosed considerable unchanged starting material. 
When acetic acid was used m a solvent and bromine was added slowly t o  avoid rise 
of temperature a mixture of 5-bromo- and 3,5-dibromo- salicylaldehyde was obtained. 
With chloroform as a solvent, only the monobromo compound was formed Crystal- 
lization from alcohol gave colorless prisms that  melted at 105-106". Danckwortt (12) 
reported 105". 

2-Benzyloxy-6-bromobenzaldehyde was obtained in 72% yield of purified product 
by benzylation of 5-bromosalicylaldehyde as directed by Perkin (9) for the unsub- 
stituted compound. Crystallization from alcohol gave colorless, spear-pointed 
crystals that  melted at 73-74". 

Anal. Calc'd for C14HlIBrOz: Br, 27.49. Found: Br, 27.16. 
This product was further identified by its preparation in another way. 2-Benzyl- 

oxybenzaldehyde was prepared as directed by Perkin but was purified by distillation 
under reduced pressure as suggested by Auwers and Walker (13). It boiled at 176- 
177' at 4 mm. Treatment of an acetic acid solution of this ether with somewhat 
more than one molecular proportion of bromine, dissolved in  acetic acid in the pres- 
ence of sodium acetate, gave a colorless product which, after crystallization from 
alcohol, melted a t  72.5-73.5' and did not depress the melting point of the compound 
described above. The yield was 80%. 

d,6-Dibromosalicylaldehyde, which was used as starting material for the dibromo 
series, was obtained in purified form in yields of 70% or higher by following the 
method outlined by Lindemann and Forth (14). It separated in  pale yellow needles 
that melted a t  82-83'. Brewster (15) found 81-82', but Lindemann and Forth 
reported 86". 
d-Methoxy-b,6-dibromobenzaldehyde. Twenty-four grams of the required dibromo- 

salicylaldehyde was alkylated with dimethyl sulfate as directed by Baeyer and Vil- 
liger (16), taking care to  keep the mixture alkaline. The product was collected on 
a filter and washed to  remove possible unchanged starting material in the form of the 
sodium salt. Crystallization from alcohol gave long colorless needles that  melted 
a t  92-93'. The yield was 73%. Some starting material was recovered. 
Anal. Calc'd for CsHeBrZO2: Br, 54.42. Found: Br, 54.63. 
The corresponding ethyl ether was obtained by gradual addition of ethyl iodide 

to  an alcoholic solution of potassium hydroxide and the necessary dibromosalicylal- 
dehyde while the mixture was heated over a vigorously boiling water-bath. The 
liquid was then refluxed for two hours, after which volatile material was distilled off. 
Addition of water t o  the residue precipitated a yellowish solid. Crystallization from 
alcohol gave pale yellow tablets that  melted a t  86-87'. The yield of purified product 
was 61%. Some starting material was recovered from the mother liquor. 

Anal. Calc'd for CsHaBrzOz: Br, 51.92. Found: Br, 51.97. 
2-Benzyloxy-d, 6-dibromobenzaldehyde. One molecular proportion of benzyl chlo- 

ride was added to  a mixture of alcoholic potash and the required dibromosalicyl- 
aldehyde, the whole was refluxed for an hour, and allowed t o  cool. The solid that  
separated was crystallized from alcohol from which i t  was obtained in colorless 
needles, m.p. 109.5-110.5°. The yield of purified product was 66%. 

Anal. Calc'd for CI4HIPBr102: Br, 43.24. Found: Br, 43.03. 
Derivatives of these compounds are indicated in tables I, 11, 111, and IV. 
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SUMMARY 

1. Several derivatives of salicylaldehyde have been condensed with 
acetophenone and a number of its substitution products. When aceto- 
phenone contains no substituent the a ,&unsaturated ketone first formed 
may add a molecule of the starting ketone to give a &acetophenone deriva- 
tive. This result is favored by long standing of the reaction mixture. 

2. Seven of these a ,j3-unsaturated ketones whose structures seemed 
favorable to the formation of stable hydrazones were subjected to the 
action of phenylhydrazine. The hydrazone was isolated in only one case. 
In alJ other instances the required rearrangement product was obtained. 

IOWA CITY, IOWA. 
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