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ABSTRACT 

PREPARATION OF CALCIUM GLYCOLATE-l-cl4 AND CALCIUM GLYCOLATE-2-cl4 

By 

D. M. Hughes and B. M. Tolbert 

Radiation Laboratory and Department of Chemistrl, 
University of California, Berkeley, California 

Dec. 23, 1948 

ABSTRACT 

Calcium glycolate-l-cl4 and calcium glycolate-2-cl4 have been 

prepared on a 15 mmole scale in 60-65% yield from the corresponding 

sodium acetates by the chlorination of anhydrous acetic acid followed 

by hydrolysis of the chloroacetic acid and the precipitation of the 

calcium .salt of the resulting glycolic acid. 

* This paper is based on work performed under Contract. 
No, Vi -7 40 5-Eng-48 with the Atomic Energy Commis sian 
in connection with the Radiation Laboratory, Univer­
sity of California, Berkeley, California. 
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PREPARATION OF CALCIUM GLYCOLATE-l-cl4 AND CALCIUM GLYCOLATE-2-c14 

By 

D. !Vi. Hughes and B. M. Tolbert 

Radiation Laboratory and Department of Chemistry, 
University of California, Berkeley, California* 

Glycolic acid, an important plant and animal biochemical inter­

mediate, has been prepared labeled with cl4 in the one-position and in 

the two-position in good yield on a 15 mmole scale. Sodium acetate 

labeled in either the one- (1) (2) or two-position (2) (J) was used 

as the starting materia+: 

+ NaCl 

acetyl phloride 

2 ClCH2C02H + Ca003 

None of the intermediate products were isolated, thus eliminating losses 

in purification. 

* 

(1) 

(2) 

(J) 

This paper is based on work performed under Contract No. 
W-7405-Eng-48 with the Atomic Energy Commission in con­
nection with the Radiation Laboratory, University of 
California, Berkeley, California. 
W. G. Dauben, J. C. Reid and P. E. Yankwich, Anal. Chern., 
12, 828 (1947). 
"Isotopic Carbon11 by Calvin, Heidelberger, Reid, Tolbert and 
Yankwich, John Wiley and Sons, Inc., in press. 
B. M. Tolbert, J. Biol. Chern., liJ, 205 (1948). 
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In order to chlorinate acetic acid ~t is important that it be very 

dry. A novel procedure was developed for quantitatively converting sodium 

acetate to free acetic acid by treating dry sodium acetate with dry hydro-

gen chloride in a gas-solid reaction vessel. (See Fig. I). By treating 

this product which contained a possible 1% water with acetyl chloride, 

~cetid acid of sufficient dryness to give a good yield of chloroacetic 

acid was prepared. 

The purity of the calcium glycolate was checked by three methods. In 

the first, the calcium glycolate was recrystallized from water and the 

specific activity remeasured. It was found that this activity did not 

change, thus confirming the gross purity of the product. A paper chroma-

tographic separation of the product revealed only one radioactive com-

pound which confirmed the radioactive purity of the salt. (NOTE: The 

method would not have detected acetic acid.) And last, an elementary 

analysis agreed well with the calculated values. It was noted, however, 

that sometimes the dihydrate precipitated and sometimes the anhydrous 

calcium glycolate, depending on which reaction started first. 

EXPERIMENTAL 

Anhydrous acetic acid is prepared by treating 1.0 g. (12 mmoles) of 

anhydrous sodium acetate with 36 mmoles of anhydrous hydrogen chloride. 

The sodium acetate is placed in the removable bottom of a gas-solid 

reactor (Fig. I) and the apparatus reassembled (*) and attached to the 

(*) The use of Silicone high vacuum type stopcock grease (Dow-Corning 
Co., Midland, Michigan) is recommended here and is necessary on the 
reaction vessel described later. 
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high vacuum manifold. The last traces of water are removed by evacuation 

to a pressure of 5 ~· Tank hydrogen chloride is dried by shaking in a 

similar gas-solid reactor with phosphorus pentoxide. The hydrogen 

chloride is then distilled into a liquid nitrogen-cooled trap (Fig. II-A) 

and the non-condensible gases pumped off. The hydrogen chloride is then 

transferred to a 5 1. storage bulb; approximately 35 mmoles of this 

hydrogen chloride is admitted to the gas-solid reactor by carefully 

opening the stopcock of the reactor and measuring a pressure drop of 

5" in the 5 l. bulb. 

The gas-solid reactor is then removed from the vacuum manifold and 

the finger containing the solid is heated carefully over a Bunsen burner. 

The apparatus is held at such an angle that the acetic acid formed will 

distill into the bulb. The cake of solid is loosened gy gentle shaking, 

and the heating continued until it becomes powdery The apparatus is 

allowed to cool and is then connected to the vacuum manifold and the 

acetic acid distilled in ~Q into a liquid nitrogen-cooled trap (Fig.II-A) 

The trap is warmed with a Dry Ice-isopropyl alcohol bath and most of the 

excess hydrogen chloride pumped off. 

The acetic acid is then back distilled into a vessel containing 

0.40 ml. freshly distilled acetyl chloride. With the stopcock to this 

vessel and that of the pressure gauge open to the manifold, this mixture 

is allowed to come to room temperature slowly, then is heated to 45° by 

a warm water bath. Any excess pressure due to hydrogen chloride is re-

leased by briefly opening stopcock B and freezing the gases into trap A. 

Vihen the reaction of the acetyl chloride with any traces of water in the 

acetic acid is completed, all the acetyl chloride-acetic acid mixture 

is transferred to trap A and then back distilled into an evacuated 
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chlorination apparatus cont~ining 0.4 g. red phosphorus and 0.2 g. of 

iodine as catalysts. (Fig. III) 

The apparatus and its frozen contents are removed from the vacuum 

line and placed in a hood. The lower condenser is cooled with water 

and the upper condenser with Dry Ice-isopropyl alcohol, and the upper 

exit fitted with a drying tube and opened. The reaction mixture is 

heated with a steam bath for 2-3 minutes, then tank chlorine, dried 

over phosphorus pentoxide, is admitted through the bubbler at a rate 

of about 5 cc. chlorine per minute. The reaction is allowed to pro­

ceed for about 2 hours. A dark reddish solid forming in the condenser 

at the end of about 2 hours is not uncommon. 

The chlorine and the steam bath are turned off and removed. The 

Dry Ice-isopropyl alcohol in the condenser is then removed, and the ex­

cess chlorine permitted to escape. The exit stopcock is closed, and the 

reaction mixture frozen in liquid nitrogen. A vacuum is thus created, 

and most of the material distills into the lower portion of the tube. 

The apparatus is then attached to the ~acuum manifold, and with the Y 

of the reaction tube immersed in liquid nitrogen, the rest of the 

material in the condenser is distilled down. 

The liquid nitrogen bath is removed, the condenser disconnected 

and 2-3 ml. water is cautiously added to the still frozen mixture. 

The material is transferred to a 60 cc. flask using a total of 

20 ml. of water. The flask is then fitted with a reflux condenser and 

calcium carbonate is added slowly through the condenser until no more 

gas is evolved. An excess of 2 g. of calcium carbonate is then added 

making a total of about 4-5 g. The flask is placed on a steam bath 

for about 2-1/2 days. 
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The flask contents are then filtered hot; no wash water is used at 

this time. The filtrate is placed in a refrigerator for 24 hours or 

longer, if necessary. The calcium carbonate solid is washed thoroughly 

~ith hot water and the wash water saved for a second crop. 

The calcium glycolate will start to precipitate after 2-3 hours. 

After 24 hours it is filtered.on a weighed sintered glass funnel, washed 

twice with absolute alcohol, dried 1g ~ and weighed. The filtrate 

is combined with the wash water from the calcium carbonate, concentrated 

to 5-7 ml. and placed in the refrigsrator as before. This may be slower 

to crystallize, and it may be necessary to seed it with a crystal from 

the first crop. 

The yield data for the two preparations are listed in TablES I and II. 

TABLE I 

Preparation of Galcium Glycolate-l-C14 

I_ 
' I I M.equiv. va.,mg. I Sp. Activity I 

' 

-t-
! 

' r--0----: 

rTMcriNG Sodium acetate I 12.40 1001.5 
!ATERIALS: I i 

Sodium acetate 0.94 ·n .o I 6. 5 f.!.C/mg 
I 

I Acetyl chloride 5.65 443.0 I 0 I 

I __ J 
I i 

PRODUCT: 1st crop L: 2 H2o] 8~69 982.2 0.24 f.l.C/mg"*i 
I 

2nd [2 ~o] 3.65 411.8 i 0.21 f.!.C/mg · crop I 
I 

* - Theoretical = 0.23 f.l.C/mg l 
Yield: 65.0% based on acetate J.sed to begin synthesis or 61.7% 
based on tb2. The yield of sodium acetate-l-Cl4 was 95% based on ~2· 
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TABLE II 

Preparation of Calcium Glycolate-2-c14 

! 
I M. equiv. VVt.,mg. Sp. Activity 

STARTING Sodium acetate 12.40 1000.3 0 
MATERIALS: 

Sodium acetate 1.35 110.5 4.88 !J.C/mg 

Acetyl chloride 5.65 443.0 0 

----· . -
PRODUCT: 1st crop [o H2o] 8.70 828.4 0.30 !J.c/mg * 

2nd crop [2 H20J 3.05 344.7 0.23 !J.C/mg 

* - Theoretical = 0.29 !J.c/mg 

I Y1e1d: 60.5% based on acetate used to begin synthesis or 42.5% based 
on C02. The yield of sodium acetate-2-Gl4 was 70% based on '002. 
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-

Calcium glycolate-l-cl4 and calcium glycolate-2-c14 have been prepared 

on a 15 mmole scale in 60-65% yield from the corresponding sodium acetates 

by the chlorination of anhydrous acetic acid followed by hydrolysis of 

the chloroacetic acid and the precipitation of the calcium salt of the 

resulting glycolic acid. 

i 
I 
l 
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CHLORINATION APPARATUS 
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