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higher oxide under the conditions mentioned by him. I made a number 

of determinations using veq- pure antimonious oxide and found no evi- 

dence of the conversion into the higher oxide. 

Further, se~eral esperiments were made using different proportions of 

'the acids. alcohol and water but always with the same result. 

PERCY EDGECRTON. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

[CONTRIBUTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFROM THE CHEMICAL b 3 o R A T O R Y  OF THE OHIO STATE UNIVERSITY 

THE EXISTENCE OF MANDELIC ALDEHYDE IN AQUEOUS 
SOLUTION. 

i i Y  \\ 'ILLI"\I LI .OYI~  E V A N S  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA X D  CH i R L R S  KAYXUND P.4REr\50X 

Keceived Septem!xr zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA17, i313.  

In a recent report' from this laboratory, on the "Preparation and the 

Oxidation of Styrolene Alcohol," it was .;tated that the authors of the 

present paper were engaged in an attempt to synthesize mandelic aldehyde. 

We were anxious to know whether this compound was capable of existence, 

under the conditions employed in the studies with styrolene alcohol, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
uz'c., at ordinary temperature and pressure, and in the preser ce of water. 

The only other previously recorded attempt to isolate this substance 

was that of Nef.2 He prepared mandelic aldehyde acetate by the inter- 

action of a-bromphenylacetddehyde and silver acetate in absolute ether. 

He then attempted to hydrolyze the product thus obtained at rooo, and 

found #at the reaction products were benzoyl carbinol and acetic acid: 

(a)  CeH5.CHOCOCH3.CHO + HOH + 
CsHs.CHOH.CHO + CH3.COOH. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(b) CBHS.CHOH.CHO CaH5.CO.CH20H. 

In a similar study, Nef3 found that acetol and acetic acid were formed 

by the hydrolysis, at  xoo', of lactic aldehyde acetate, which had in turn 

been prepared by the action of a-iodopropionic aldehyde and silver acetate 

in absolute ether. 

Subsequently, Wohl and Lange4 prepared lactic aldehyde a t  ordinary 
temperature. They prepared diethoxyacetic acid by the interaction of 

dichloroacetic acid and sodium ethylate. This product was condensed 

with piperidine, and on treatment of the piperidide thus formed with methyl 

magnesium iodide, by Grignard's general method, they obtained the 

acetal of pyruvic aldehyde. By reduction, the acetal of lactic aldehyde 

was obtained, which, in turn, was hydrolyzed with 0.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-V sulfuric acid. 

By this latter reaction the free aldehyde was prepared. 

clear, that lactic aldehyde is incapable of existence in 

THIS JOURNAL. 35, 54 
/1?m , 335, 268 
Tbld , 335,266 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I? '  41. 361. 

It is therefore 
water at rooo, 
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while at ordinary temperature it is a sufficiently stable substance to be 

studied experimentally. The facts in reference to mandelic aldehyde are 

these: (a) Nefl has conclusively proven that it is incapable of existence 

a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA100' in the presence of water; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(b)  from the experiments briefly described 

below, it is firmly established, that this compound cannot exist in the 

presence of water and dilute sulfuric acid a t  either room temperature or at 

the freezing point of this solvent; (c) nor can it exist in the presence of 

water and dilute ethyl alcohol under the same conditions. 

Mandelic aldehyde acetal was prepared by the reduction of benzoyl- 

formaldehyde acetal, which, in turn, had been prepared by the interaction 

of sodium ethylate and dibromoacetophenone; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe., zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(a) C6Hs.C0.CH3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ 2BrZ --f CaHs.CO.CHBrz 4- 2HBr. 

(b)  CsH5.C0.kHBr2 + 2NaOCzHs -+ 
C6H5.C0. CH( OGH6) + 2 NaBr . 

(c) CGH~.CO.CH(OC~H~)~ + 2H + C~H~.CHOH.CH(OGH~)Z. 

During the progress of this work an excellent paper by Dr. Cyril 

of Prague, appeared on the preparation of lactic aldehyde. He employed 

for his purposes the same general reactions zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas are here outlined. The 
substance prepared by him was identical with that obtained by Wohf 

and 1,ange.l 
Experimental Part. 

Preparation of Dibromoacetophenone.-Dibromoacetophenone was first 

prepared by Hunnius3 and subsequently by Fittig and W ~ r s t e r , ~  by 

the bromination of acetophenone dissolved in carbon disulfide. For these 

experiments, it was made by the bromination of acetophenone dissolved 

in chloroform. A solution of 133.3 grams (2 mols) of bromine, dissolved 

in 2 0 0  cc. of chloroform, was added, slowly in direct sunlight, to a solution 

of 5 0  grams of acetophenone dissolved in an equal volume of the same 

solvent. The time required was four hours. The first red color of the 

successively added portions of the bromine solution was immediately 

discharged, the final color of the reaction mixture being yellow.6 The 

hydrobromic acid remaining in solution was removed by passing a current 

of air through the reaction mixture and subsequently washing with water. 

After distilling the chloroform, again washing with water, dissolving the 

residue in ether, and drying with calcium chloride, a yield of I I 8 grams 
(thesry = I 15.8 grams) of the crude product was obtained. The oil thus 

obtained was distilled zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin  vacuo, the boiling point being 175-176' a t  

LOC. cit. 

Ber., IO, 2010. 
2 Chemicke Listy, 5, 323-7; C. A . ,  6, 739. 

4 Ann., 195, 161; compare Wittorf, C k m .  Z m t r . ,  2, 29 (xgoo); also Siegfried, Zbid.? 
1, 606 (1899). 

Compare THIS JOURNAL, 30,406. 
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2;  mm. pressure. The distillate was a clear, colorless liquid, which turned 

to a light yellow color on standing. Dibromoacetophenone has an ex- 

ceedingly sharp, penetrating odor and it also produces severe lachryma- 

tion.' The following is the result of the quantitative estimation of brom- 

ine 
Calculated for CgHaOBrL. j: j g S L .  found, 57.37%, 57.455;. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Yreparatzon zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01 Benzoylformaldelzyde ,-ketal.--,\ solution of 103 grams of 

freshly distilled dibromoacetophenone, in zoo  cc. of absolute alcohol, was 

slowly added to a well-cooled (0') solution of sodium ethylate, prepared 

by adding 19.4 grams zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 2 . 2  atoms) of sodium chips to 348 grams of absolute 

alcohol Sodium bromide, colored slightly yellow, began to separate 

irnmediatelj-. AAfter allowing the reaction mixture to stand over night, 

filtering the sodium bromide, concentrating the alcoholic filtrate in vacz.~o, 
and filtering the further separated portion of sodium bromide, the resulting 

alcoholic soltition was poured into 500  cc. of water. A dark red oil sep- 

arated out. The supernatant water mas decanted and extracted six 

times with 50 cc. portions of ether. The red oil was now dissolved in the 

combined ether extracts, and the resulting solution was dried with calcium 

chloride. After distilling the ether, there remained 48.2 grams of oil 

(theory zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 7 7  grams, therefore 62.6%). d clear, colorless liquid, boiling 

at 110' a i  xg mm., was obtained by distillation of the reaction product 

in racuo. The operation was accompanied by considerable decomposition 

and the formation of large amounts of tar. Kranz2 made a similar observa- 

tion in the distillation of pyruvic aldehyde acetal, Benzoylformaldehyde 

acetal, prepared as indicated here, has a pleasant odor when free of the 
unchanged dibromoacetophenone The following results were obtained 

by analysis: 

Calculated for CL?HI~O~'  C, 67.7j tC;  H, 7..52cC. 

PrepaTation of Mandelic Aldehyde Acetal .--Twenty-five grams (theory = 
5.5 grams) of sodium in chips were added to a well-cooled solution (oo) 
of 25 grams of benzoylformaldehyde acetal in 400 cc, of absolute alcohol. 

During the reaction the alcoholic solution turned dark brown. After 
the action had ceased, the reaction mixture was treated with carbon 

dioxide for 14 hours. The alcoholic filtrate from the sodium salt was 
distilled i.tz tlacibo and the remaining oil was dried over sulfuric acid in a 
vacuum desiccator. The product weighed 18 grams (theory = 25.2 grams, 

therefore 71.4'5). On distillation, a clear, colorless oil was obtained which 

boiled at 10s-110' at 2 2  mm Considerable decomposition took place. 
Mandelic aldehyde acetal, thus prepared, turned slightly yellow in color 
on standing and i t  possessed a pleasant odor. The acetal was prepared 

several times in tlia original alcoholic solution, in which the benzoyl- 

Found: C 67.52%; H, 7 76% 

' CornparcA Hliii t : u <  in,  ( i 

- I < <  ?; 
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formaldehyde acetal had been prepared as described above. A slightly 

larger yield was obtained in these cases, owing to the elimination of one 

fractional distillation in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvacuo. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Hydrolysis zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Mandelic Aldehyde Acetal.-Five grams of freshly distilled 

mandelic aldehyde acetal were suspended in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA100 cc. of 0.05 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN sulfuric 

acid in a sealed tube, which was kept a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAoo,  and was shaken at frequent 

intervals. A t  the 

end of four weeks the crystallin substance was filtered, and the aqueous 

solution was extracted four times with 50 cc. portions of ether. The 

crystals were dissolved in the combined ether extracts. The resulting 

solution was dried and evaporated, by drawing air over the ether. A 
yield of 2.8 grams (theory zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 2.66 grams) was obtained. The white 

crystallin material, thus obtained, was found to reduce both Fehling's 

solution in the cold and ammoniacal silver nitrate solution. The reaction 

product was found to be identical in every respect with benzoyl carbinor 

described by Zincke and others.' 

That this reaction takes place even in the absence of sulfuric acid is 
proven by the following experiment : One and twelve-hundredths grams 

(I .  I 2) of mandelic aldehyde acetal were suspended in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA25 cc. of water under 

the same conditions as the preceding experiment. At the end of 5 days, 

the reaction mixture was found to contain zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.58 gram (theory = 0.72 gram, 

therefore 80%) of benzoyl carbinol. A small amount of oil (0.18 gram) 

was also obtained. This gave no reaction with phenylhydrazine and was 

undoubtedly unchanged mandelic aldehyde acetal. At the same time 

this experiment was also performed at  room temperature, with the same 

general result. 

A specimen of mandelic aldehyde acetal was allowed to remain 

standing in the open air for twelve weeks. During this time 

crystals began to be formed and finally the whole specimen had solidi- 

fied. After removing the adhering oil, the white crystallin material was 

found to be identical with that obtained by the hydrolysis of mandelic 

aldehyde acetal in the presence of dilute sulfuric acid. On the other hand, 

a specimen of the oil, when kept out of contact with the moisture of the 

air, was found to remain unchanged. It is to be concluded, therefore, that 

the reactions taking place in the above hydrolysis may be represented 

by the following equations : 

After standing three days, crystals began to be formed. 

(a)  CeH5.CHOH.CH(OC2H5)2 + 2HOH ---j 
CeHs.CHOH.CH0 + 2GH5OH. 

(b)  CsH5.CHOH.CHO + CcHb.CO.CH20H. 

Finally, from the experiments of Nef, Wold and Lange, Kranz2 and 

those described in this paragraph, the following conclusions may be drawn: 

A n n . ,  216, 306; Amer. Chem. J., 35, rrg. 
2 L O C  rit. 
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i i l ~  lactic aldehyde and mandelic aldehyde in the presence of water, at  

IW) rearrange to acetol and benzoyl carbinol, respectively; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( b )  lactic 

aldehyde does not undergo this rearrangement at ordinary temperature; 

(( I mandelic aldehyde, the aromatic analogue of lactic aldehyde, not 

only undergoes this rearrangement to benzoyl carbinol at ordinary tem- 

perature in the presence of water and dilute sulfuric acid, but this trans- 

Tormation also takes place at 0'. i d )  mandelic aldehyde undergoes re- 

arrangement t o  benzoyl carbinol even in the presence of water and dilute 

ethyl alcohol, both at ordinary temperature and at  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0'; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(e )  mandelic 

aldehyde undergoes rearrangement to benzoyl carbinol with the water 

\ apor of the atmosphere. In fonclusion we wish i o  thank Mr. J. E. Day, 

o f  this bboratory, for- the analvsk of the henzoylformaldehyde acetal 

prepared by us. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i n.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA%nLc, O I n o  

OF WORK WITH IMIDO EmrERS: A 
THE PROBLRX OF SAPONI- 

FKATIOIP AND ESTERIFICATION. 
I % \  IULII 5 STIRGLITZ 

Received Ma> 16. 1013 

'I'he well-known explanation of the accelerating (catalytic) effect of 

acids on the saponification of esters by wster assumes that the complex 

oxonium ion', formed by the ester with the hydrogen ionof thecatalyzer, 

i s  the chiefs reacting component nt the ester which is saponified by the 

Stieglitz, Kepoit nf the Coizqess OJ < i / f i  uiid Scieizce, St. huis ,  4, 278 (1904), 
A4m. Lhem J , 39, 29,  166, 402 (XY~),  and later articles. Sce also Bredig and Walton. 

Z tlektrocizcnr 9, footnote, p. 118 ( ~ c ) o j ) ,  and ILzd., IO, j 8 b  (1904); Acrcc and co- 
workers, d m  C h m  J ,  37, 410, 38, 2j8 (1907)' etc,, and Goldschmidt, Z. pkysik. 
Chem , 60, 728 (1907) and Iater articles Closer examination of Lapworth's theorv 

shows that i t  was not in conflict with the laws of equilibrium (cf. Lapworth, Pro< 
(Them YQL . 24, IOT I =,3 (1go8)). as was ttntortunateiy concluded in the discussion ot 
his theory by the prvscnt author ( 2 - 0 ~  a . 11. +LL+), but the criticism of the assumptions 

of the thcory for thc other reasons gikeii appears justified and Lapworth himscli 

iater withdrew hi< theory. iSec 1:itzgcralti and Lapworth, -1 C itetn Soc., 93, 2 1  6 ;  
( r c r o 8 1  I 

Questions concerning the rOlc of non-iomzed ionogens in reactions of this type 

have been brought to the fore in recent years, especially by Goldschrnidt and Acree 

Goldschmidt first suggested the possible activity of non-ionized acids in catalysis (e. 
physrk. Chem., ag, 118 (1899)). The present author first demonstrated with imido 

esters that the non-ionized molecules of an ionogen are active as well as its anions 

[Jchlesinger's Dissertation. University of Chicago, 1905; Am Clzem J., 39, 167 (rgo8) I ,  

where the general importance of the results both for organic and inorganic compounds 

was emphasized; finding, however, that the molecules react with velocities very much 

rnialler than those of the ions, he considered the molecules capable only of very slow 
prallei reaction4 (see applications of this idea, THIS J O T T R V ~ L  32, 2 2 9  f19101 and 




