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ABSTRACT 

UCRL-,962 
ABSTRACT 

The synthesis of the three mono-c14-labeled Qb-alanines and necessary 

intermediates to prepare them via propionic acid is described. Small scale 

procedures were used throughout. Ion exchange columns and vacuumsublima .. 

tion were used to give high purity amino acids in good yield on a small 

scalee 

(*) Supported by a grant to Prof. D. M. Greenberg, University of California, 
from the American·cancer Society (recommended by the Committee on Growth 
of the National Research Council). 

<w (**) The work described in this paper, was in part, supported by the Atomic 
Energy Commission. 

c-·, 
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R. Ostwald(*) 3 P. ·T. Adams and B.M. Tolb~rt 

Radiation Laboratory and'Department of.Ghem::t.st:ry-,­
University of California, Berkeley, Califo~**J 
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The synthesis of Q&-alanine sirigly labeled with c14 in each of the three 

positions was undertaken in conjunction with some of the biological studies 

of this group and of the division of Biochemistry of the University of Califor­

nia. In the course of this work~ procedures for the small~scale synthesi~ of 

several important intermediates were develnped~. including the 2.- and 3-labeled 

propionic ·acids • Although both 1- and 2-labeled alanine have been prepared 

before (l.92.93J>4) other meth~ds with much lower yields have been used. 

(1) 

(2) 

The reaction schemes used were as followsg 

NaOH~ CH CH c14o2Na 3 2' ' 

NaOH 
. . > CH3Cl4H2C02Na 

. ". . . ' . . ' . .· 

(*) Supported by a grant to Prof. D. M. Greenberg, University of California, 
from the American Cancer Society (recommended by the Committee on Growth 
of the National Research Council.) 

. . 
(**) Supported,!) in part.~> by the Atomic Energy Commission. 

L s. Gurin and D. W. Wilson,!) Feder. Proc • .J:,ll4 (1942) 

2. R. B. Loftfield 9 Nucleoni~S.:~ 1.:~ No. 3,· 54 (1947) 

.3. D. Frank 3 R.B. Loftfield and W.W. Miller, Science.:~ 106,. 544 (1947) 

4. J. Baddiley and J. Ehrenvoord and H. Nilsson, J .• Bio. Chern., l:W, 399 (1949) 
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. ·.it was 'obserted that in the reduction of the acetic. acid with .lithium 

aluminimi'hyurid~'in diethyl carbitol solvent there occurred a ·marked and 

erratic dilution :of the l~beled ethanol with inactive materiaL 

To insure that the solvent itself was originally free from ethanol, it 

was treated with ~ithium aluminum hydride~ filtered and fractionally dis­

tilledo The fraction boiling at 72°/10o5 mm;, was used for the syntheses and 

for all e:Xperimental worko. Attempts to identify ethanol in the solvent after 
. . 

treatment with lithium alumi~um hydride or in the LiAlH4 itself were un~ 

successful~ . The· presence of carbon=containiri.g compounds in the lithium alumi- · 

num hydride was demonstrated$ but its analysis (c, Oo95 9 Oo59%) in the two 

·· sarirples used) showed this source to be insuf'ficient to account for the inactbte · 
. . 

halide formed in the subsequent reactiono 

After treating the diethyl carbitol with phosphorus tribromide under the 

conditions of the'bromination$ Ool8 go of product was ±solatedo When an 
: '. 

identical amount of solvent was first treated with lithium aluminum hydride, 

then bromi_n~ted.ll the product was Oo33 go Even when the greatest of care was 
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taken to exclude diethyl carbitol from .the bromination of synthetic.ethanol1 

yields in excess of thebretical were stiil found. 

Methanol was prepared by lithium·aluminum hydride reductions of C14o2 . · 

in a check reaction and converted.to the iodide •. Sodium acetate ~as prepared 

from the methyl iodide(5).. The equivalent weight of the acetates so prepared 

was as much as 8%· high9 whereas that of. sodium propionate made from ethyl 

bromide prepared in tpe manner described above varied a maximum of 0.6% from· 

theoretical in six runs. 

On the basis of thiswork, it was concluded that probably some lithium 

compound caused splitting of the diethyl carbitol ·under .the conditions of the 

preparation to give ethanol and thus cause the effects .described-. 

The purification ofthe alanine was achieved by a novel combination of 

steps which gave a high purity material on a small scale with a minimum loss· 

of material due to'manipulation., In this procedure the alanine was first ab­

sorbed on a cation exchange resin and the anions (chloride9 phosphate and 

bromide ions) washed out., The alanine was then eluted with ammonia to give 

an alanine=airimoriia solutiono When this eluate was evaporated to dryness, · 

fair·ly pirre 9 salt=free alanine was left .. ·By high vacuum sublllnation of this 

material a very pure product was obtained. 

· The identity and purity of the propionic acids was checked by equivalent 

weight determinations.. The chemical identity and radiopurity of the derived' 

amino acids was checked by paper chromatography and radioautography of the 

paper chromatogramso 
j I • • • ' 

After this,)) the papers were sprayed with ninhydrin. 

5. B .. 1111. Tolberts Jo Biola Chem. 9 lli.9 205 (1948) 
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These exp~ri:·iri~nts :showed that only one· amino ac:Ld~ alanine ,I) was present. in 

each compound and that the ninllydrin spot corr.esponded. with the radioa'!lto= 
·: .. ! · •. -:; .• ; ·';_': ··' •''· •'· 

graph spot o:·' :. ,, 
.. ~\ -;~ ; '' '-·. 

; '· 
't·_;·;_. 

·T:he importance' of tbi·s check can .. be shown .by the following. unsuccessful 

expetime:rit ~, · The pr·ep·aration of. alanine= 3=014 :was. first attempted by con= 

densation:'.ol;',diethyl' acetaniidomalonate with labeled methyl iodideo It was 

found···t:h~t 'kn appreciable· amount of a radio.active contaminant was present in 

the alanine thus formed, which had amino acid like properties and could not 

be effec'ti'v~ly separated. on a small scaleo This impurity.ll believed to be 

sarc6sine·(N~triethylglycine)~ :would not be easily detected in alanine by 

ordinary analytical methods .(elemental analyses.ll recrystallization9 etco) 

and indicates the:i,mportancecin the small=scale radiopreparations of special 

purity tests·such as the paper chromatograms and radioautographs just mentioned~. 

"It is ii1teref3ting., to :note that small quantities of alanine may be de= 

carboxylatedc by bacterial action if left standing in unsterilized solution 

at room temperatu:re·o, Thus 9 59 ingo of alan;ine=l..,Cl4 was ·aerated for three days 

in aqueous solution and the c.arbon dioxide was trapped in sodium hydroxide and 

precip{tated as barium carbonateo It was found that of the. 2o43 x 106 dis./min~ 

put into some 75 mlo water only L69 x 106 dis/o/mino. were foupq in the solution .. 

after·aeration'and Oo69·x 106 diso/mino were found in the barium ca;rbonate pre~ 

cipi ta ted from· the .. s·odium hydroxide bub ble:rs. o 

~yerimenta! · 

§Qdiurii: pro.m,..Qpate=l...Cl4o == Thirty millimoles of methyl magnesium iodide 

was carbonated with 20 mmoles of cl4o2 (from 3o94 go Bacl4o3~ 5o02 jl.c/mgo (6)·~ 

6o R1Isotopic Carbon11 l1 Calvinl' ~oaloJ> Jorlll Wiley and Sons.\) Inco 3 New Ymrk, 
New York {1949) 9 PPo 178=179o 
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.The yield was 1.,87 g., of sodium ;pr.opionate-1-cl4 (spe9i:f'ic activity 10.4 !J.C/rng.) 

· which is a 97 .,8% ·yield., 

ft=Bromopropionic=l...C14 acid., -""Dry sodium propionate (937 mg. 9.87mc., from 

the above preparation was placed in a gas-solid reactor(?\ This. bulb was .then 

evacuated to about 10 microns pressure. and filled with an excess (one-half at~ 

mosphere) of dry purified HCl gas., The solid sodium propionate was the:q. heated 

geritly·over a Bunsen burner., After the exchange reaction was complete the. 

mixture of propionic acid and excess HCl was distilled in .!!£.B2 into a, la.rge 

trap cooled with liquid nitrogen., The cooling bath wasthen changed to a.p:cy 

Ice=isopropyl alcohol mixture, and the excess HCl pumped off. · In preliminary 

runs it was established-that the salt residue contained less.than.O.l% of the 

initial activity and no demonstrable amounts of propionic acid. It was also 

shown· that the propi.onic acid so prepared contained 3-5% of water. 

The propioriic~1~14 acid was distilled into the bromination.vessei(8).which 

contained o·.,04 g., red phosphorus, 0.,02 g. iodine and 0.,2 cc., propionylchloride. 

The m..ixture was allowed to -reflux on the steain bath for one.,.,half hour t9 destroy: 

the water, 1.,5 cc., bromine was added dropwise and ref.luxing -was co~ti~u~~ .. for. 

three hours(9)., The low temperature condenser was kept at isopropyla:"a],.c:ohol:-·. 

Dry Ice temperature~ . ~;: .... . 

nrsotopic Carbon", Calvin» et.,alo~ John Wiley and Sons, Inc., New York, .. 
New York (1949), pp., 162., - - · . . - · 

8. B., M., Tolbert, F.,C. Christenson, F.,N.H., Chang and P.,P.,T. Sah, J. Org. 
Chemo, 1ft, Fig., 3, Po 528 (1949) 

9., J.,C. Eck and C.So MarnelSJ "Organic Synthesis 11
11 Collective VoL II, 

Po 14 (1943) 
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After sweeping out the excess bromine with a slow. stream o~, ,airJJ _the .mixture 
·--2.--······ 

of a~bromoprop~onic~l=Cl4 acid and a~bro~opropionyl-l...C14 bromide was_ cooled and 

· byd:rioltzed by :-~l~W addition ~f 2'·'CCo ·of Watero. 
. . :- .. ~· .' ; '_; . 

·. · Alanine=l...Cl4 o ~= .Th¢ · amination ·was performed in a three~ne.cked .flask by 

-;,: slav/ '8a·d.itiori of: a=bromop~opibnfc=i~l4 ~cid .. to a. mixture of 6 go 8Jilmonium car­

' bon~te :and 1'5 ec ~ conc·entrated ainmorla hydroxide(lO ~ 11) o The reaction mixture 
~-I ' . ' 

··. ·:was k~p't a't '6oC?c for six hours·. and. then vacuum distilled to· dryness o The dis­

... ,,. tillat~- cont~in:ed 1-~ of the starting activity o 
. . 

·:.Xir:he c:~ud~ -alanine.;.l-e14 was ·purified by (a) passage through an ion ex-

P::~hang~ :--J!~sld-column and (b) high vacuum sublimationo 

·A glass column (30 cmo ~ 2 cmo)filled with 60 CCo of Dowex 50 resin 

(20~40 inesh) wa~ treated by cycling it to exhaustion three or four times. with_ 

,_2 ! sodiurii hydroxide soluti9n and :2 ·.N hydrochloric acid_, res:pecti vely 9 ending 

with the·"·ac"ido All the· excess acid was washed out thoroughly with water9 and 

then'the 60d=90o·mgo of crude alanine=l=Cl4.1l dissolved in .a minimum amoilllt of 

: .. ;W8ter9 ··was> added to the ~olumn, followed by 500 cco of water to el~te the anionso 

1Jne. alanine was eluted with 250 'cc~ of lo5! ammonium hydroxide, followed by 
. ' •, , .. 

250-··c·c~··-'o'f'watero The resin was regenerated with 2 1f hydrochloric acido Tho 

water effluate~ ammonium hydroxide eluate and hydrochloric acid regenerati~n 

solution were each evaporated to dryness and were found to contain 3%.1' 88% and 

lOo NoDo Cheronis and Ko Ho SpitzmUel1er9 Jo Org., Chemo 9 &, 9 349 (1941) 

11., J oM~ ·orton and R.,Wo ·Hill, "Organic Synthesis", Collective VoL I.? 
300 (1941) 

' :, .~ : 

-{. 
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5%:J respectively, of the activity put on the re.sin., 

' 
Inorder to :remove traces of ammonia the dry residue of the ammoniUm hy..i . . . 

droxl.de eluate was made slightly alkaline with sodium. hydroxide and ev~porated 

to dryness.. After redissolving and adjusting the pH to 6.8 the solution wafi . 

transferred to the lower part of a sublimation apparatus with~ one centimeter 

sublimation gap, evaporated to dryness and sublimed at one micron pressure 

and 160-~00° for two hours with the cold finger at liquid nitrogen temperature. 

The sublimation residue was redissolved (pH 8 .. 5), adjusted to pH 6.8, qried and 

resublimed.. This. final residue contained 4% of the initial crude. alB.I}ine · 

activity. 

The yield of alanine-l-c14 was 802 mg., with a specific activity of 9.9 

!J.C/mg., (theoretical, 9.11 1-Lc/mg.). This represents a radiochemical yield of· 

80o5% based on sodium propionate~l~c14 used .. 

£!thyl~l-cl4 Bromide. == Acetic-l...c14 acid was prepared from .1.602 ~· · 

(29 .. 2 me.} of sodium acetate~l-014 (6) using dry· HCl gas as in the previous 

procedure for preparing propion'ic acid.. The product was distilled in -~ 

into a dropping funnel which contained 5 ml. of repurified diethyl carb;tol. 

The funnel was attached to a three~necked conical flask which contained 1.16 g .. 

lithium aluminum hydride in 35 ml. diethyl carbitol and. to which was also 

attached aU-trap immersed in a Dry Ice bath (Fig., l)(l2,l~) .. The acid.solution 

was dropped slowly onto the lithium.aluminum hydride solution with occasional 

12 .. R.F. Nystrom and. W. G. Brown.!! J. Am., Chern. Soc., £2, 1197; 2548 (1947) 

13. R. F-. Nystrom9 W. H. Yanko and B., G .. Brown, J. Am. Chern., Soc., :J.Q, 441 
(1948) 
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shaking and cooling., After addit:fon·of·the·aeid was completed!) the dropping 
·~; I • 

f'llil!lel was :-~.insed ,wi,th: sev~r~l small 'portions of the solvent and the solution 
' ... ,. : .. ·:.:. -:, ... ·.r~ ·, ~-;4i::·_'it'-."'U',i''';.{:( ;.·_-·_:) _.;,.. ···:.~,, ,·.,;·,·,:···.'.:·/ :·.;~.":<·~:~ .. :;_!~;: _,._ .. ,. ... :,:·:• .~,-~t ., , · .. · ..... ·; ... : ;· ~·· :.~·-,.t." · .. 

, , . . . was allowed to stand· with occasional shaking for 30 .·minutes., The lithium 

·_;,_· .. · 

aluminum hydride solution was de~omposed·by the· slow addition of 50 mlo of 

N~.b~tyl carbftol and the' system swept free of hydrogen by a -slow nitrogen 

stream., 

: · 'T:rie .·ethan6t=i~14 thus produced was distilled .·into . the cold trap using 

a nitr6g~n·sweep.; Alternating periods of boiling were used to insure com~ 

plete exchange between the excess N=butyl carbitol and the li:thium ethanolateo 

Prolonged boiling without gas sweep may produce enough hydrogen to cause an 

explosion 0 ·The non=volatile distillation residue contained 2 .. 9% of · .the initial 

activity., 

The cold trap containing the ethanol and. about 5 m.l., of the solvent was 

attached to the vacuiun line and ·subj ec.ted to. two vacu1.llll distillations to re~ 

duce the amount of carbitol present., The ethanol was then distilled into a 

small flask: .and converted to et·hyl=l~l4 bromide with phosphoru.s. tribromide (4)" 

The chemical yield of purified ethyl bromide was 2o49 g"~ this represents 

about 50% radio dilution because of splitting of the diethyl Clarbitol by . 
... , . 

lithium' compounds with the formation of·ethanolo 

Sodium propionate=2=Cl4o == The ethyl=l=Cl4 bromide thus prepared was con~ 

verted to the Grignard re~gent and.this compound carbonated with inactive co2(l)., 

The yield of dry sodium propion~te=2=Cl4 was L58 g, .(19.,8 mco) of specific 

activity 12o5 ~c/mg, or a radiochemical yield of 68%., 

~~2=C14., ==Fifteen millimoles of this sodium propionate=2=C14 was 

converted to alanine as previously described., The radiochemical yield was 75% 
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based on the propionate used, and the specific activity of the product was 

4.3 !J.C/mg., 

Sodium propionate=3=C14o -- As previously described 1.229 g. (13.2 me._), 

sodimn acetate-2~cl4 was reduced with lithium aluminum hydride in diethyl 

carbitol solution and the alcohol produced converted ·to the bromide to give 

L92 go of ethyl-2 ... c14 bromideo This labeled ethyl bromide was then con-

verted to the Grignard reagent and carbonated. In this manner, 1.225 g. 

(6.51 me.,) of sodium propionate=3=C14 was produced, which represented a radio-

chemical yield of 49 .. 5% based on the acetate used to begin the synthesis. 

Alanine-3=014., - ... Twelve millimoles of this sodium propionate-J-cl4 was 

converted to alanine, as previously described. The radiochemical yield was 

72% based on the sodium propionate used and the specific activity of the pro­

duct was 5.74 !J.C/mgo 

Acknowledgement. --The authors wish to thank Prof., M. Calvin. for his 

interest and assistance in this worko 
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