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AN IMPROVED SYNTHESIS OF GLYCINE-1-Gl4 AND GLYCINE-2-C14 FROM
¢ 4-LABEIED ACETIC ACID
By
B, M. Tolbert and D, M. Hughes

Radiation Laboratory and Department of
_ Chemistry, University of California(¥)

ABSTRACT

May 169 1950

k- -modified procedure for the synthesis of labeled glycine
from acetic acid is presented which gives a high purity product and

is reliable in routine use,

| (#) The work described in this paper was sponsored by the Atomic Energy

Commission.




P

UCRL..705
AN IMPROVED SYNIHESIS OF GLYCINE-1-C14 AND GLYCINE=2-C14 FROM
. ClAwLABﬁLﬁﬁtACETIQfACID R
. Bo Mo Tolbert and D. M; Hughes

‘Radiation Laboratory and Department of
Chemistry, University of California (¥)

(#) The work described in this paper was sponsored by the Atomic Energy
Cormission.

In a recent paper (1) the preparation of labeled glycine from

(1) R, Ostwald, J, Biol. Chem., 173, 207 (1948); see also BC=56,

acetic acid by chlorination and ammonalysis is described., Although
the yields are excellent the method is not particularly suitable to
routine use, and the product sbmetimes contains ammonium salts and other
impurities,

| In an attempt to simplify this procedure, to make it more
reliable for routine use and to increase the yield, the following modi-
fications were developeds (1) An improved method of generating the
acetic acid from the sodium acetates (2) :TThe use of acetyl chloride
to rehove small amounts of water from the acetic acid before chlorinationg-
and.(3)v Ibh:ékéﬁange columns and high vacuum sublimation purification
which eliminated all ammonia salts in the product. The reactions are

as followss
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* R SR . -

CH,CO Na HCl—————;>ﬁH3002H + NaCl

CH.COOH -+ 01 2 > CH,CIC00H + HCL

3 Acetylchloride

2NH0H + CH C1COOH + > CH NH COOH + NH, + C1 + 2H.0
o 2 (NHA)Q_CO 2 2 4 2.
‘. )00, | |

Experimental

Chloroacetic acid. = Anhydrous acetic acid was prepared by -

heating 0,6 to 1.0 g. of dry sodium acetate with dry HCl (dried by
shaking with phosphorus pentoxide) in a gas solid reactor (Fig. 19), f‘im
The excess HCl was removed under vacuum in a dry ice-chilled trap. %h;
acetic acid was then chlorinated at 100° Co‘for 2-1/2 hours with a stream
of Cl, (Figo 2). Catalysts for this reaction were 0.04 go phosphorus,

0.02 g, iodine, 0.0l g, phosphorus pentachloride and 0.4 cc, acetyl-

chloride. These reactions are described in detail elsewhere (2),

(2) UCRL-256, D. Jj; Hughos and B, ll, Tolbert YPreparation of Caleium
Glycolate-1=C+4 and Calcium Glycolate=2»014"o

The préducts of the chlorination were distilled from the con-
densers into the reactor tube (Fig, 1) by closing all stopcocks, freezing

the lower tube in liquid nitrogen and warming the two condensers with
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hot water, This transfer was also done on the high vacﬁum manifold with
appropriate back distiliationso The céndenser‘was_then removed and re= .
placed by a glass stopper. Two cc. of water was measureé'out for the.
hydrolysis of the acid, chlorination and transfer, One-half cc, of water
was éarefully added to the still frozen material, An immediate evolution
of the frozen 012 followed and was of no significance. However, as the
material was carefully brought up to room'bmperature9 HC1 was evolved
due to the hydrolysis of the acid chloride to the free acid, It is
important that the material not be permitted to heat to more than 35-
40° ¢ (estimated and ccoling is necessary to ontrol the hydfolysis. The
Cl, bubbling tube was then washed down with a minimum amount of water
(about three drops) and the outside was scrubbed with several one drop
portions, The washings were added to the hydrolized acid.

Glycine. = The apparatus for' the amination consisted of a
60 cc. two-necked flask, fitted with a water condenser and a dropping

funnel, The flask was set in an oil bath thermostatted at 60-65° C, -

Fifteen cc, of ammonium hydroxide and 7.5 g, of freshly ground ammonium ¢ "

carbonate was placed in the flask and permitted to come to temperatureo‘
(Not all of the ammonium carbonate dissolves).

- The product of the chlorination was then transferred by‘ﬁipéti_'
to the dropping funnel with 5 drip tip. The chlorihatioﬁ readtion
vessel was ggg rinsed at this point as it was essential té keép the
water down to a minimum, The chloroacetic acid was added to the am-
monigm carbonate ammonium hydroxide solution dropwise over a period of
about one~half hour, .The chlorination tube (including the bub%ling tube)

was then rinsed three times with the remaining transfer water which was
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used each time tozrinse the dropping funnel, The amination mixture was
ﬁaintained at 60-65° for 8=12 hours,

Tﬁe condenser‘anﬁ dropping funnel were remoﬁed from the amiﬁation
flask and replaced with ; ground glass stopper and a vacuum distillatioﬁv
hééd and ‘econdenser, Aspifaﬁor vacuum was applied, and all of tﬁe volae .
tile materials evaporated with heating.to a final-maximumubathkﬁemperatufe
of 115°, No capillary tube-wag necessary as the carbon dioxide evolved .
from the ammonium carbonate pfevented bumping. - The. last traces of moi-

sture were removed under high vacuum when the material apreared dry. .

Purification of Glycine.~ Six ion exchange columns (20 cme X

15 cm. I.D,). containing 60 cc. eash of Dowex 50 resin (20-40 mesh). were .
prepared by-reéycling.thedresin'alternatively.with.los N sodium hydroxide ;
and lnﬁ-g“hydrochibric écidg ending with hydrochloric acid. (The‘columné
‘were washed thoroughly with water aftef each acid or base treatment) .
Each column had a workiné capacity not exceeding 0.8 g. of‘thetérude,ﬁl,,,
glycine salt mixture, and it was found preferable not to excee& 0ok 8o -
‘per column, \

- The salt was weighed and transferred to a 10 cc, graduated -
eylinder using 6-8 cc. of water to make the transfer, -The cqlumhs
were operied at the topy excess water removed, and the solution added di=-
rectly to the resin, If the weight was more tham 0,5 g, solids per column,
one<~half of the material waé set aside and put through the column later
after thé regeneration, Thé graduated'éylinaer'was rinsed sévéfél times

with & total of 3-4 cc. of water and this was added to the columns. (a
small glass wool plug was used to prevent spray from carbon dicxide
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evolved). |
- Through each column 500 cco of dlstilled Water was- passed ';E;Ht
drbbwise, requiring about four hours. - This water (called the effluate) X
centained the negative ions I°, C1%, POA s eny unreacted acetic acid
etc This material contained about 25% of the initial acflvity; a .
pepef chromatogram:indicated almost no glycine was in this cut,'so it
was evaporated'to dryness and burned for isotope recovery., The glycine

was next eluted from the columns with 250 cc, of 1.5 N ammonium hyd=

rox1de followed by a wash with 250 ce of water( ) The rate of drip

(**) Dowex 50 is normally eluted with an acid such as HC1, However, .
by using excess ammonium hydroxide, the NHZ saturates the column and. .

shifts the equilibrium of the other positive ions so they are washed

out of the resin column, Thus, an eluate is obtained which contains only -

glycine and amﬁonia. The latter may be easily driven of f Ey boiling
to leave relatively pure glyc:me° If hydrochloric acid had been used,
ammonium chloride would have been present in the glycine, and these
materials can only be separated with great difficulty on a micro scale
in good yields, ‘Before using the columns again, they must be regenee= -

rated with 250 cc, 1.5 N hydrochloric acid each, followed by thorough

rinsingg'at least 500 cco, each, or until water tests neutral to pH paper. .

was the same as befare, This cut contained the glycine., It was eva=-
porated to dryness, transferred to a 400 cc. beaker using about 25«40

cc, of water, In order to remove the last traces of ammonium hydroxide e
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the solution was adjusted to pH 11.5 with dilute sodium hydroxide solution,
covered with a loose fitting watch glass and boiled.vigorously on a hot -
plate to half_its original volumn., Water was added to the original level
and the pH"wgé»again;adjusted to 11,5 and the boiling procedure repeated,
(Glass beads were used to prevent bumping),

.The‘solution was then adjusted with dilute hydrochloric'acid
| solﬁtibn tohé-ﬁﬂ of about 5, slightly more acid then the isoelectric
point. (Noﬁeé' If adjusted to the isocelectric point (6.1), the residue .
follow1ng subllmation when dissolved had a pH of 8,) The solutlon
was evaporated to a small volume, transferred to the bottom of a. subli=.
mation apparatus (Figo X), evapqrated to dryness and dried thoroughly
at 80°¢ and 10°% mm, Hgo pfessﬁréo The sublimation finger was thken
£illed with 1liquid nitrogen and. the material sublimed three hours. at
150° ¢ and two hours at 20@ Co The préSsure in the sublimationvap-
parstus was. 1074 to 10" mm. Hgo and the cold finger was 1,¢mg.from'the
glycine whibh‘was being sublimed,

- The sublinate was washed énd scréped wet (*) into a 9 cm, petri

(*) The freshly subllmed dry gly01ne was very 11ght and flaky and blew

63811y° Also, 1t tended to become electrostatlcally charged,

disthfheﬁfifathérred to the bottom of a second sublimation apparatus.
The nonééﬁblimed residue was dissolved in water, the pH readjusted to 5,
renevapérgfedfto dr&ness and similarly resublimed. This second crop

was comﬁine& with the first and resublimed, The yield was 50-60%, but
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occasionally as high as 60=70%, (See Table I)

The isotopic purity amd identity of this product material

eﬂ
D
t

tWo-dimensional paper chromatography (3). Radic-

*t

Goodale and We Stepkay, J, Am, Chem, Soc., 72, 1710 (1950).,

antograms of these paper chromatograms were then preparedy and finally

the papers were sprayed with ninhydrin sciutiofi te test for a=amino

acids. The papers showed
ninhydrin spot, and these
spots was correct for the
that anig;gne.radioactive
that it was glycine,

In a preparation

to dchievs seVeral things

reaction, {(3) high purity

orly one radicactive spot and only one
coincided exactly., The position of these
glycine, This data confirmed the fact

product was present after purification and

using Cl4 in large amounts it is desirable
including (1) high yield, (2) small-scale

of product and (4) reliability of procedure,

The method of synthesis of glycine just ocutlined has been designed to

de this, but some sacrifices have been made on yield to insure the

purity of the produst and

the reliability of the procedure, .

Az indicated, the yield varied from 50-70%. In Table I (page

11 } raéic material balances are presented for four high specific activity

TmSo

tative, but a number of known losses were not analyzed, Thus, 2-5% of

It wiil be noted the recoveries of radiecarbon were never quantie- t
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e
)

“Glycine (Product)|

' :Gblumn'Effluate .| Non=sublimable Total %
: ’ Regidues ‘Recovery
Dis/min. -~ [ % - [Diso/min, | % | Dis./min, .[ % | .

“Run DH=46-5 L |
Glycine-2-C14| 1.10 x 1010 24.5 | 8.38 x 10% |19.2 2%x1&9§y5_n%2
Run DH-46=7 N -

| G1y01nenl=014 4,88 % 107 |22.2 3.63 x 10° [15.6 | 1.22 x'100| Be,9| 951
Run DHe46-28 o
Glycitie-2-C4| 5,80 x 109 [22.0 |2.91 x 107 [11.0.| 1.34 x lQ}Q; 50.7 83,7
Run DH=46;3b
Glycine-2-C¥ | 4.73 x 109 [13.4 [3.42 x 107 | 9.7 | 2.40 x 107 [68.2 |  91.3

apparatus and 2.6 x 108 dis./min, (0.7%) from distilldtion of ammonium

carbonate following ammination.,

(l) Thése figures include 4.3 x 108 dis./min, (1,2%) from wash of chlorination

the activity may be left in the unit used to convert the sodium acetate

to acetic acid.

Some éctivity’may be swept out by the Cl2 gas stream

and the vacuum line probably holds back a few percent of the initial

activi tyo

Attempts to reduce the two major loéses, the column effluate and
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the non-sublimable residues, were not too successful, It is thought

Y that the column effluate materlal 1s probably mostLy acetlc and glycollc

SRS B ety

acid; as 1ndlcated it contained 11ttle gly01ne. On the other hand,
paper chromatograms and radioautographs of the non-sublimable resi-
dues .gave a strong glvclne test and a number of lesser spots, which

may be disubstituted amines and various polymers.

Acknowledgment
We would like to thank Prof. M, Calvin for his continued

help and encouragement in this work and Dr. Rosemarie Ostwald for -
hef_extremely valuable aid and advice, | |
Summa;x

A ﬁodified procedure for the synthesis of labeled glycine'from
acetic acid is presented which gives a high purity product énd is -

reliable in routine use.
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