
THE PREPARATION OF p-BROMOPHENACYL ESTERS AND THE 
CHARACTERIZATION OF p-BROMOPHENACYL FORMATE1 

ABSTRACT 
The compound, m.p. 140°C., widely used as  a derivative for the identification 

of formic acid was found to be p-bromophenacyl alcohol and not p-bromophenacyl 
formate. p-Bromophenacyl alcohol was also the product fro111 a n  attempt to pre- 
pare p-bron~ophenacyl pyruvate. p-Bromophenacyl forlnate, m.p. 92"C., was 
prepared in 80% yield by refluxirlg equivalent amounts of the reactants in 66% 
alcohol for 30 min. This ester is readily hydrolyzed under the conditions used for 
its preparation and the hydrolysis appears to be catalyzed by salts of carbosylic 
acids. The melting point of p-bromopherlacyl alcohol depended on the rate of heat- 
ing, varying from 137°C. wit11 slow heating to 142°C. with the rapid heating ob- 
tained on a melting point bar. 

Judefincl and Reid (6) first used the reaction between P-brornoplienacyI 
bromide and the sodium salts of carboxylic acids ior preparing crystalline 
derivatives suitable for identification of the acids. This is an excellent method 
particularly for identifying small amounts of volatile acids since the aclueous 
solution of the salts can be evaporatecl and then taken up in clilute alcohol for 
the reaction. The yields are good anel the clerivatives ~ 1 1 0 ~ 1  a marlred increase 
in weight over the original acid. A method of obtaining formic acid as a crystal- 
line compound suitable for its iclentification and for measurements of carbon-14 
activity was needed in this laboratory. The P-bromophenacyl ester was judged 
to  be the most suitable after examining the literature, because of its relatively 
high melting point and apparent ease of preparation. 

Judefind and Reid (6) were unable to obtain a crystalline derivative of formic 
acid. However, Hurd and Christ ( 5 )  had no difficulty in obtaining a crystalline 
compound, n1.p. 140°C., which they reported to be p-bromophenacyl formate. 
This compound is listed as such in tables of clerivatives (10, p. 222) and has 
been widely used to identify formic acid. 

The  most frequently described conditions for the preparation of 9-bromo- 
phenacyI esters prescribe the use of about four equivalent weights of soclium 
salt for each mole of p-bromophenacyl bromide and a reflux period of one to  
two hours. When this procedure was used to prepare the formic ester froni 
sodinni formate labeled with carbon-14, the con~pound melting a t  140°C. 
was readily obtained; actually i t  illelted a t  142OC. with rapid heating on the 
Dennis melting point bar (2). However, the substance was nonradioactive. 
Analysis for the elements indicated that the co~npourid was probably p- 
bronlophenacyl alcohol. A sample of authentic p-brornophenacyl alcohol was 
prepared by hydrolysis of p-bromophenacyl acetate using the procedure of 
Judefind and Reid (6). The  authentic alcohol melted a t  142OC. and this melting 
point was unchanged on admixture with the reaction product of p-bromophena- 
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cyl bromide and excess sodium formate. The two compouncls possessed i~lentical 
infrared absorption spectra (see Fig. I). 

On attenipting to prepare p-bromophenacyl formate using equivalent 
amounts of reactants, we obtained a new compouncl, n1.p. 92°C. The yield was 
86yo after a reflux period of 30 min. and 45% after heating for one hour. The 
substance possessed the elementary composition expected for p-bromophenacyl 
formate and, when prepared from carbon-14 labeled sodium formate, the 
product had the intensity of radioactivity expected from the activity of the 
sodium formate used. 

I t  is thus established that the compouncl previously reported (6) as p- 
bromophenacyl formate is ~ I I  fact p-bromophenacyl alcohol. p-Bromophenacyl 

WAVELENGTH, microns 

FIG. 1. Infrared absorption spectra. 
Curve 1. Authentic p-broniophenacyl alcohol, m.p. 142OC. 
Curve 2. Compound, m.p. 142OC., from reaction of p-bromophe~iacyl 

bromide with excess sodium formate. 
Curve 3. p-Bron~oplienacyl formate, n1.p. 92OC. 

formate melts a t  92°C. and is further characterized by its infrared spectrum 
shown in Fig. 1. 

Langenbeck and Baehren (7) have shown that phenacyl esters undergo 
hydrolysis with exceptional ease. The esters of formic acid and a-ketoacids 
are well known (10, p. 65) to be highly sensitive to hyclrolytic conditions. I t  
therefore would be expected that phenacyl esters for formic acid and a-lteto- 
acids, such as pyruvic acid, would be exceptionally prone to hydrolysis. V\Ihen 
p-broniophenacyl formate was treated for 80 min. with an equivalent amount 
of either sodium formate or sodium acetate under the temperature and pH 
conditions used for the preparation of the ester, the substance was hydrolyzed 
in high yield (80-90%) to p-bromophenacyl alcohol, but i t  was recovered 
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unchanged (78% yield) uncler the same conditions if the cai-boxylic salts \Irere 
omitted. Thus, the hydrolysis of the ester appears to be catalyzed by salts 
of carboxylic acids. On treating p-bromophenacyl acetate with sodium 
formate in aqueous alcohol, the acetate was recovered unchangecl, n1.p. 85OC., 
yield 74y0. p-Bromophenacyl pyruvate like the fo i~nate  is readily hyclrolyzed 
by the conditions used for its preparation. When p-bromophenacyl bromide 
was treated with four equivalents of sodium pyr~tvate under the usual con- 
ditions for the preparation of p-bromophenacyl esters, p-bromophenacyl 
alcohol mas isolated as a reaction product in 81% yield. The pyruvic ester 
appears to be formed less quicldy and to be more sensitive to hydrolysis than 
the formic ester since, under the conditions which gave high yields of the 
formate, only unreacted p-bromophenacyl bromide and p-bromophenacyl 
alcohol could be readily isolated from the reaction product. I t  is possible that 
in the past certain acids such as pyruvic acid may have been mistaken for 
fonnic acid because of the characterization of the latter acid using p-bromo- 
phenacyl alcohol as  a derivative. 

Drake and Broniisky (3) found that p-phenylphenacyl esters are suitable 
derivatives for acids such as formic acid. However, they used conditions similar 
to  those which we have found suitable for the preparation of p-bronlophenacyl 
formate and it seems probable that their superior results are due more to the 
procedure used rather than the reagent. I11 general it is to be recornillended 
for the preparations of p-substituted phenacyl esters that equivalent amounts 
of reactants be used and that the reaction time be kept to  a minimum. 

I t  is of interest to note that the procedure recently introduced by Erickson 
et al. (4) for the preparation of p-bromophenacyl esters by reaction of p- 
bromo-a-diazoacetophenone with the acid in dioxane apparently gives crude 
p-bromophenacyl alcohol when formic acid is used. 

EXPERII\/IENTHL 
Chemicals 

Radioactive sodi~tm formate was prepared by hydrogenation of sodium 
bicarbonate using palladium black as the catalyst (11). p-Bromophenacyl 
bromide was rnade following the directions of Langley (8) and recrystallized 
to a constant nlelting point of 109°C. p-Broi~~ophenacyl acetate was prepared 
in the usual way (6). 

AJethods 
Melting points were deternlined using the Dennis melting point apparatus 

(2) as manufactured by the Parr Instruinent Co. This apparatus was calibrated 
against several pure compounds with lcnown nlelting points each time it was 
used. The results are corrected inelting points accurate to about 0.5"C. 

The  activity of barium carbonate and 6-broinophenacyl fornlate labeled 
with carbon-14 was determined using a windowless counter operating with 
helium-isobutane in the Geiger region. Appropriate resolving-time corrections 
were made and all results referred to  a cellulose acetate standard, of the same 
area, which was made from carbon-14 labeled cellulose. The  samples were 
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mounted by filtration on disks of Whatman No. 3 paper iisirig a special funnel 
which ensured uniform distribution and coristant surface area (9). Successive 
mounts made from the same material dicl not ~ ~ s u a l l y  differ by more than 
2-4Yo (9). Activity cleterminatioi~s were made  sing "infinitely thick" samples. 

p-Bromoplzenacyl Formate 
Ten ~nilliliters of molar sodi~~rn  forrnate was made acid to phenol red by 

dropwise addition of 0.10 N hydrochloric acid. Ethanol (20 1111.) and p- 
broinophenac~~l bromide (2.8 gm.) were added and the m i x t ~ ~ r e  refluxed gently 
for 30 inin. I t  was then evaporated to about 15 ml. on a steam bat-11 and cooled 
in refrigerator. The crystals were filtered off, washed with a little aclueous 
ethanol (20y0), then with water, and dried a t  room tenlperature. The yield was 
2.1 gm. (867,) of colorless leaflets melting a t  91.5OC. Recrystallization iron1 

. . 
ethanol-petroleum raisecl the melting point to 92°C. A similar experiment 
using a reflux time of one hour gave a yield of I .  1 gm. (45y0). 
Calculated for C9H703Br: C = 44.4)7Y0 H = 2.90Yo Br = 32.87% 
Found : C = 44.34% H = 3:01% Br = 33.65% 

p-Bromoplzenacyl Formate f rom C1<abeled S o d i z ~ m  Formate 
A molar soclium forniate solution was prepared from forrnate labeled with 

carbon-14. One aliquot (0.5 ml.) was oxidized to carbon dioxide by refluxing 
with mercuric oxide (3 gm.), water (25 ml.), and syi-~ipy pllosphoric acid 
(5 in].). The carbon dioxide was trapped in N sodium hydroxide, precipitated 
as barium carbonate ( I ) ,  and its activity nleasured. Another aliquot (3 ml.) 
was converted to the p-bromophenacyl ester using the same proportions as  
above. The activity of the ester was measured after recrystallizing to constant 
nleltirlg point and activity. A portion of this pure ester was tllen converted to 
barium carbonate using the Van Slyke combustion fluid (12) and its activity 
again measured. The activities found were as follows (counts per minute a t  
infinite thicliness) : 

BaC03 from oxidation of sodium forinate 11,840 
p-Brornophenacyl formate 9560 
BaC03 from oxidation of p-bromophenacyl forrnate 1345 

These values are in excellent agreement with those expected for a compound 
with the formula C9H703Br containing one carbon derived from the forrnate. 
Thus the equivalent weight with respect to formate carbon is 197 X 11,840/9560 
= 243, which coincides with the theoretical value. The activity of the bari~iln 
carbonate obtained on oxidation of this ester sllould be 11,840/9 = 1315. 
The value found above agrees within the experimental error (24%) for inount- 
ing active barium carbonate samples (0). 
Preparations of p-Bromophenacyl Alcohol 

Ten milliliters of 5 N  sodi~~in  formate was made acid to phenol red by drop- 
wise addition of 0.01 N hydrochloric acicl. Ethanol (20 rnl.) and p-brorno- 
phenacyl bromide (2.8 gm.) were added and the mixture refluxed gently for 
one hour. After concentrating to half volume and cooling in refrigerator 1.5 gm. 
(yoyo) of crystals melting a t  140°C. was obtained. Recrystallization from 
alcohol and toluene-petrol ether gave 1.1 gm. of needles melting a t  142OC. 
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Calci~latcd for CsH-iOzBr: C = 44.67% 1-1 = 3.28% L)r - 37.16% 
Found : C = 44.7G% H = 3.31y0 l3r = 36.35% 
When prepared as above  sing carbon-14 labeled socl.i~um cornlate this conl- 
pound was obtained free of radioactivity, indicating al~sence of formate carboll 
in the molecule. 

Determination of the nlolecular weight by the Rast nlethotl  si sing calnpt~or) 
gave si~ccessive readings, on heating and cooling tlie same sample, corre- 
sponding to inolecular weights of 412, 320, 283, 243, 224, ancl 220. Tlle calcu- 
lated value (CJ-liOsBr) is 214.9. Another experinlent gave an initial weight of 
545 decreasing gradually to 189 over a period of two and one-half hours' 
heating. 

A sample of 9-bron~opl~enacyl alcohol was preparecl by the method of 
Judefind and Reid (6). After recrystallizing iroin water and then froir~ toluene 
it was obtained wit11 the same melting point (142°C.) as the product of the 
reaction between P-broinophenacyl bromide and excess sodiun~ formate. A 
inixt~ire of the two melted a t  142°C. Tlle melting point seems to  depend on the 
rate of heating. A sample heated slowly (15 min. for the last 10") in a capillary 
tube nlelted a t  137-136.5"C., in close agree~nent with the value of 13(j.G°C. 
reported by Judefind and Reid (6). However, the determination oi the melting 
point with a heating time of about one second using the Dennis melting point 
apparatus (2) gave the above indicated melting point of 142°C. Comparison 
of the infrared spectra shown in Fig. 1 also shows these two samples of p- 
bromophenacyl alcollol to be identical. 

The molecular weight deternlinations recorded above show a gradual 
decrease from an initial high value close to that expected for a inonomer. This 
suggests that P-bromopl~enacyl alcohol, like acetoin, is associated in the 
crystalline state by a linkage which slowly dissociates 011 heating. The  de- 
pendence of the melting point on the rate of heating also supports this view. 
Relative Stability of the Formyl and Acetyl Esters of p-Bromoplzenacyl Alcohol 

Two millimoles of p-broinophenacyl formate and 9-brornopl~enacyl acetate 
in 4 ml. of ethanol were treated separately with 2 inl. of a inolar solution of 
sodi~im formate made acid to  phenol red. After refluxing for 80 n~in . ,  the re- 
sulting acidic solution was concentrated to  half volume and cooled. The 
p-bromophenacyl acetate was recovered unchanged, 111.p. 8s0C., yield 747,. 
The p-bromopl~enacyl forinate was converted to p-bro~nophenacyl alcol~ol, 
n1.p. 142°C. in 86% yield. When the sodi~im forinate solution was replaced by 
water P-bromophenacyl forinate was recovered in 78% yield from the resulting 
acidic reaction mixture. One nlillimole of sodi~irn acetate, 82 nlgm., was 
dissolved in 1 ml. of water and the solution was made acid to  phenol red by 
dropwise addition of 0.01 N hydrochloric acid. To  the resulting solution 243 
mgm. of P-bromophenacyl formate, 1 mM., and 2 ml. of ethanol were added 
and the  nixt ti ire was refluxed for 80 min. The reaction mixture was diluted with 
1 1n1. of water and cooled. 'The crystalline product, 192 Ingnl., washed with 
water arid air dried, nielted a t  138.5-140.5"C. aud this rrielting point was not 
depressed by aclmixture of fi-broinopl~enacyl alcohol. 
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Attenzpted Preparatio?zs of p-Bromophenacyl Pyrnlvate 
A molar solution of sodium pyruvate was made acid to phenol red by the 

dropwise addition of 0.1 N hydrochloric acid. Ten milliliters of the solution 
was adcled to 2.8 grn., 10 rnM., of $-l~ron~ophenacyl bromide in 20 ml. of 
ethanol and the mixt~irc was refluxed for a half hour. On cooling a t  about 4°C. 
for two hours, the solution deposited crystals which after recrystallization 
froin ethanol melted a t  108-109°C. and this nlelting point was not depressed 
by admixture of p-brornol,henacyl bromide. The  yield was 0.50 gm.  The  
combined filtrates were evaporated in  vacuo to about 15 ml. The  air-dried 
precipitate which fornled weighed 1.98 gnl. This material was dissolved in 6 ml. 
of boiling ethanol and, on cooling to roo111 temperature, 0.27 grll. of a crystalline 
material, 1n.p. 125-136°C.; was deposited. Recrystallization of this substance 
from toluene and then from ethanol gave a product, n1.p. 140-141.5"C. T h e  
~nelting point was not depressed by mixing with p-bromophenacyl alcohol. 
Ten ~nilliliters of the acidic soclium p y r ~ ~ v a t e  solution was added to 0.70 gm., 
2.6 ~ n h l . ,  of p-bromophenacyl bromide in 20 ml. of ethanol and the solution 
was reflr~xed for two hours. The  resulting sol~rtion was evaporated in  vnczlo 
to about 15 1111. and cooled. The  crystals which formed were washed with 2070 
ethanol and air clried. Recrystallization from 4 1111. of eth;unol gave 0.39 gm., 
72% yield, ol material, 111.p. 140.5-141.5"C. The  melting point \\ins not de- 
pressed by admixture of 9-bromophe~~ncyl alcohol. 
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