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summary 
1. Uracil-4-carboxylic acid (orotic acid) known to occur in milk is most 

easily prepared in quantity by oxidation of 2-thiouracil-4-aldehyde or 
uracil-4-aldehyde with chromic acid. 

2. The uracil-4-carboxylic acid thus obtained is identical with the 
natural orotic acid from milk furnished to us for comparison by Dr. Bach- 
stez of Italy. 

This is the only pyrimidine carboxylic acid thus far known to occur 
in nature. 

3. 
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In a recent paper Kohler and Addinall' expressed the opinion that a 
peculiar red piperidine derivative which was first described by Watson2 
and later studied with care by Dufraisse and Moureu3 is an unsaturated 
ethylene oxide (I). This view is erroneous; the substance is an unsatu- 
rated ketone and it has the structure assigned to it by Dufraisse and Moureu 
(11). 

I I1 

As a means of discrimination between the two formulas all methods 
of degradation by oxidation proved useless, but fairly convincing evi- 
dence was obtained from a series of transformations based on hydrogena- 
tion. In the presence of platinum the red compound combines with two 
atoms of hydrogen and forms a yellow addition product which reacts 
with a mole of methyl magnesium iodide without liberating gas. This 
compound might, therefore, be either a saturated oxide or one of two 
saturated ketones. 

CsHs 
CsHsCHiCHCOCeHs 

I 
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GH~CHKH-C/ CsHsCHEOCH 
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111 IV v 
The yellow reduction product can be made by the action of piperidine 

on a-bromo benzylacetophenone and it reacts with hydroxylamine like 
1 Kohler and Addinall, THIS JOURNAL, 52, 3728 (1930). 

8 Dufraisse and Moureu, Bd. SOC. chh. ,  [4] 41, 457 (1927). 
Watson, J .  Chevn. Soc., 85, 1322 (1904). 
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a ketone. Ordinarily this would be regarded as adequate evidence that 
the substance is the ketone V and the sequence of reactions would be repre- 
sented as follows 

C~H~CHZCHB~COC& + C&CH,CHCOC&6 + CeHsCHzCH-CCeH6 
II I NOH 

?JC6HlO NCsHio 
VI VI1 VI11 

But unfortunately in this case the evidence is inconclusive, because the 
reaction between piperidine and the bromo compound might lead to the 
formation of the oxide 111,4 and it was not possible to regenerate the yellow 
compound from the product obtained in the reaction with hydroxylamine. 
Additional evidence as to the structure of the reduction product was ob- 
tained by treating it with phenyl magnesium bromide. It combined very 
readily with one equivalent of the reagent. The product of this reaction 
is colorless. It is stable to fairly high temperatures but above 280' it 
decomposes, giving mainly benzophenone and p-phenylethyl piperidine 

VI1 I X  X 
These transformations are diflicult to reconcile with any formula other 

than VI1 ; but since the final step involved the use of high temperatures 
and we were reluctant to accept this formula without the best of evidence, 
we decided to study another series of transformations. To this end we 
treated the red compound itself with excess of phenyl magnesium bromide. 
I t  combined with but one mole; but the yellow compound that was ob- 
tained by decomposing the resulting magnesium derivative was capable 
of combining with a second equivalent of the reagent. This is the charac- 
teristic behavior of a,P-unsaturated ketones with which organic magnesium 
compounds form 1,4-addition products 

I1 XI 
(CaH6)2CHCHC(CsHs)2OMgBr + (CP,H&CHCHC(C~H&OH CeHtCHKOHC( CeH& 

I I NCsHio 
C6Ha 

XI1 XI11 

I 
NCsHlO 

I 
NCaHio 

Since ethylene oxides are capable of combining with organic magnesium 
derivatives, it is possible to imagine a similar series of reactions beginning 
with an oxide like I and ending with the carbinol XIII. Between these 
two possible carbinols it was easy to decide, because when the final product 
of the reaction was oxidized with chromic acid, it yielded two molecules 

Ref. 1, p. 3730. 
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of benzophenone. 
dine derivative must be the unsaturated ketone 11. 

I t  is therefore the carbinol XII, and the red piperi- 

Experimental Part 
On the assumption that the red piperidine derivative has the structure assigned to 

it by Dufraisse and Moureu, the simplest and best proof of its structure would be it\ 
synthesis by the condensation of benzaldehyde and u-piperidino acetophenone 
CsHaCHO + CHzCOCeH6 + CsHsCHOHCHCOCeHj + CeHaCH=C-COCaH 

I 
NCsHio 

I 
NCsHio 

I 
NCsHio 

Since the red compound is readily hydrolyzed by acids, it was necessary to undertake thy 
condensation in the presence of bases; all attempts to effect condensation under these 
conditions were unsuccessful. 

Another relatively simple method of differentiating between the two possible 
formulas of the red compound might be ozonization. This also was tried; a solution of 
the substance in carbon tetrachloride absorbed ozone with avidity. After removing the 
solvent and manipulating the residue in the usual manner, the products were benzalde 
hyde, benzoic acid and an oil which could not be purified but which gave piperidine and 
phenyl glyoxylic acid when it was digested with alkali. Inasmuch as these products 
might be formed both from the ketone and from the oxide the results are inconclusive. 

Hydrogenation.-The red compound was hydrogenated in methyl alcohol with 
Adams' platinum oxide as the catalyst. It absorbed hydrogen rapidly a t  first, but the 
rate gradually fell off and there was no sharp break in the rate curve a t  the point repre- 
senting the addition of two hydrogen atoms. After some preliminary experiments it 
was found advantageous to interrupt the operation when one mole of hydrogen had been 
absorbed, even though not all of the substance had been hydrogenated. Thus, a solu- 
tion of 10 g. of the red compound in about 300 cc. of methyl alcohol was shaken with 
0.2 g. of platinum oxide and hydrogen until 840 cc. of the latter had been absorbed. 
Most of the catalyst was then removed by filtration, the remainder with active charcoal. 
The clarified solution, on concentration, deposited a mixture which was partially sepa- 
rated by crystallization. It yielded 7.1 g. of pure saturated ketone and 1.5 g. of a mix- 
ture of the original substance and its reduction product that was difficult to separate. 

a-Piperidino Benzylacetophenone, VII.-The hydrogenation product is readily 
soluble in ether, moderately soluble in methyl alcohol. It crystallizes in pale yellow 
needles and melts a t  81 '. It dissolves readily both in dilute and in concentrated hydro- 
chloric acid. The solution in 6 N acid deposited a colorless solid in large hexagonal 
prisms-doubtless the hydrochloride-from which alkalies regenerated the yellow base 

Anal. Found: C, 81.9; H, 7.9. 
Preparation from a-Bromobenzy1acetophenone.-One gram of the bromo com- 

pound was added to 3 cc. of piperidine; it dissolved with cooling but the temperature 
soon rose rapidly and the solution became yellow. After half an hour i t  was diluted with 
water, whereupon i t  deposited an oil that soon solidified. After recrystallization from 
methyl alcohol the product melted a t  80-81 and a mixed melting point determination 
proved its identity with the substance obtained by hydrogenation. 

Reaction with Hydroxylamine.-A solution of 0.5 g. of the substance, 0.8 g. of 
hydroxylamine hydrochloride and 2 g. of potassium hydroxide in 25 cc. of methyl alcohol 
was boiled for half an hour, then poured into water. The product was recrystallized 
from methyl alcohol, from which it separated in colorless needles melting at  141-142" 

Found: C, 77.9; H,  8.0; N, 
9.1. 

Calcd. for C ~ O H ~ ~ O N :  C, 81.8; H', 7.9. 

Anal. Calcd. for CgoHMON~: C, 77.9; H, 7.9; N, 9.1. 
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The substance is, doubtless, the oxime VTII, which might be expected to resist 
hydrolysis, It is slightly soluble in 30% potassium hydroxide, and soluble in both dilute 
and concentrated acids-as would be expected in view of its piperidine group. In an 
attempt a t  hydrolysis i t  was heated overnight a t  100' with 6 N hydrochloric acid. 
The result was a white solid melting a t  240' which was not attacked by sodium bi- 
carbonate but from which potassium hydroxide regenerated the oxime. With con- 
centrated hydrochloric acid the result was the same. 

Phos- 
phorus pentachloride in cold ether immediately produced 8 white precipitate-doubtless 
the chloride-and when the solution was heated the result was a mixture of decompo- 
sition products among which benzonitrile was recognized by the odor. Hot formic acid 
merely transformed the substance into a salt-the formate-from which bases regen- 
erated the oxime. After recrystallization from 5% aqueous formic acid the salt melted 
at  177-178". 

Attempts to effect a Beckmann rearrangement were equally unsuccessful. 

Anal. Calcd. for Cz1HleOsNs: C, 71.2; H, 7.4. Found: C, 71.1; H, 7.4. 
Action of Phenyl Magnesium Bromide, a,a,-pTriphenyl-P-piperidinopropanol, E.- 

Au ethereal solution of 2.9 g. of the reduction product was added to a solution of the 
reagent that had been prepared from 0.96 g. of magnesium. Reaction occurred readily 
a t  10' but the mixture was boiled for half an hour after all of the ketone had been added. 
The magnesium derivative was decomposed with ammonium chloride in the usual man- 
ner. The ethereal layer on evaporation left a solid and a small quantity of yellow oil. 
By recrystallization from methyl alcohol the solid carbinol was obtained in colorless 
plates melting at 148-149 '. 

Anal. 
Pyrolysis of the Carbinol.-A tube cotitaining 1.6 g. of the carbinol was exhausted 

to 11 mm., then sealed and heated a t  260-280" for seven hours in a Carius furnace. It 
was thus converted into a slightly discolored oil which was almost completely volatile 
with steam. In order to separate basic and non-basic constituents, the ethereal extract 
of the distillate was shaken with dilute hydrochloric acid. The non-basic residue (0.82 
g.) was identified as benzophenone by a mixed melting point. The acid solution, 011 

treatment with alkali, yielded 0.50 g. of an oily base. The base formed a hydrochloride 
which crystallized in pearly plates, melting at  223' when crude and a t  228' after re- 
crystallization from methyl alcohol and ether. In the literature the melting point of 
8-phenylethyl piperidine hydrochloride is reported as 223 '.6 

Calcd. for C&zpON: C, 84.1; H, 7.9. Found: C, 84.2; H, 7.8. 

Anal. 
Action of Phenyl Magnesium Bromide on the Unsaturated Ketone.-a-Piperidino- 

B,P-diphenylpropiophenone, =.--A solution of 11 g. of the red ketone in 85 cc. of ether 
was added slowly to a solution of the reagent which had been made from 2.5 g. of mag- 
nesium. A deep blood-red coloration appeared where the solution met the reagent. 
A t  0" this color persisted, but at the boiling point of the mixture it disappeared almost 
immediately. The mixture was boiled for an hour, then decomposed with ice and ammo- 
nium chloride. The ethereal layer was washed, dried and evaporated. It left a yellow 
solid and an oil. The oil was removed with methyl alcohol, and the solid was recrys- 
tallized from benzene and methyl alcohol. The ketone crystallized in yellow needles 
melting a t  163"; yield, 61%. 

Calcd. for C13H&Cl: C, 69.2; H, 8.9. Found: C, 69.1; H, 8.7. 

Anal. 
Action of Phenyl Magnesium Bromide, a,a-Diphenyl-P-piperidino-r,r-diphenyl- 

propanol, W.-No perceptible reaction occurred when a benzene solution of one gram 

Calcd. for CZ~H~TON: C, 84.5; H, 7.4. Found: C, 84.6; H, 7.3. 

6 Kinder, Arch. Phurm.. 265,405 (1927). 
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of the yellow ketone was added to a solution of the reagent containing 0.2 g. of mag- 
nesium, but when the solution was boiled the yellow color gradually disappeared. 
After an hoar's boiling, the solution was treated with ammonium chloride in the usual 
manner. The ethereal layer, on evaporation, left an oil which could not be induced to  
crystallize. 

In the hope of securing a solid, an ethereal solution of the oil was treated with hydro- 
gen chloride gas. The acid converted it into a product which likewise had a tendency to 
separate from solutions as an oil but which was finally obtained as a solid by the addition 
of petroleum ether to its solution in chloroform. An analysis of this solid, which 
melted at  162-164 O, indicated that it was not a simple hydrochloride of the piperidine 
compound but that the strong acid had also replaced the hydroxyl group of the carbinol 
with chlorine. 

Anal. Calcd. for C32H33NC12: C, 76.5; H, 6.6. Found: C, 75.5; H, 6.8. 
From the chloro compound the carbinol was regenerated by shaking a suspension of 

the substance in ether with 10% sodium hydroxide. The ethereal layer, on evaporation, 
left an oil, but this was finally converted into a solid by dissolving it in benzene, concen- 
trating and adding petroleum ether to the solution. The solid separated gradually in 
large and well-defined crystals melting at 136-137 ', 

Anal. 
Oxidation of the Carbinol.-To a solution of 0.45 g. of the carbinol was added 1.1 

g. of powdered sodium bichromate; the solution was kept a t  44-45' for an hour, then 
diluted with 100 cc. of water, made alkaline with sodium hydroxide and distilled with 
steam. The distillate was thoroughly extracted with ether, and the dried extract evapo- 
rated. The oily residue was kept over potassium hydroxide in a vacuum desiccator 
until entirely dry. It solidified completely when touched with benzophenone and a 
mixed melting point showed that it was pure. The yield was 0.35 g. instead of 0.36 g. 
calculated on the assumption that one molecule of carbinol yields two molecules of ben- 
zophenone. 

Calcd. for C ~ ~ H S ~ O N :  C, 85.9; H, 7.4. Found: C, 85.6; H,  7.8. 

Summary 
The brilliant red compound which is formed by the action of piperidine 

and bases on a-bromobenzalacetophenone is cr-piperidino benzalaceto- 
phenone. It has the structure assigned to it by Dufraisse and Moureu. 
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