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ABSTRACT
SYNTHESIS OF SEVERAL 014 LABELED DL-ALANINES
R, Ostwaid(*) P. T. Adams and ‘B.M., Tolbert -
| Radiation Laboratory and Department of Chem%stgy
Univer31ty of California, Berkeley, Calif,
October 13, 1950

. ABSTRACT

The synthesis of the three mono-Cl4-labeled Q&—alanineé and necessary
intermediates to prepare them via propionic acid}is described. Small ‘scale
‘procedures were used throughout. Ion exchange columns and vacuum'sublima-
tion were used to give high purity.amino acids in good yield on a émall

seale,

(%) Supported by a grant to Prof. D, M, Greenberg, University of California,
from the American Cancer Socieéty (recommended by the Commlttee on Growth
ef the National Research Council),

(¥*) The work descrlbed in this paper, was in part, supported by the Atomic
Energy Commission,
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SINTHESTS OF SEVERAL- c*‘* LAPELED DL-ALANINES
R, 0stwa1d(*) P, T, Adams shd B, i, Tolbert

Radiation Laboratory and’ Department of Chem%stgy,
' University of California, Berkeley, Calif,

~

The syntheéis of'ggnaianine singly 1abglgqiwith ¢4 in eééh‘df»the three
pésitions was undertakeﬁ in @onjuhétion with some of the biclogical studies
of this group and of the division of'Biochemistry'of the ﬁniverSity bf Califor-
nia. In the course of this works procedures for the small-scale synthesis of
several 1mportant Jntermedlates were developed,. including the 2« and 3=labeled
 propionic acids. Although both 1o and 2-labeled alanine have been prepared
beforeél?QP}ﬁA) other meth;ds With huch lower yields have been used.

The reaction schemes used were as folloWS°'

CoHzlgBr '
(1) oo, «—-255-5—; CH3CH201%2H ~——NaOHy, GrocH,Cl40,Ne

HC1 LiAlH
(2) CH301402Na -————55);» CHBCI’*O H. —-———4) CH3014H29H

Mg . NeOH

T CH,C HzBr“—'“—fD*CHBC HpCOpH 3 CHyC *H2C0pNa
€Oy

Bt

(*)  Supported by a grant to Prof. D. M. Greenbefg,:UniVérsify‘of:Céiifdrnia, -
from the American Cancer Society (recommended by the Committee on Growth .
of the Natlonal Researuh Councll )
{2%x) Supported in partg by the Atomie Energy Commlssiono
T S Garln and D w. Wllqong Fed@ro Proc. 19 114 (1942)
2. R B, Loftfie.,mdg Nacleonl@sg 1 Noo 3, 54 (.1947) '
3, D. Frank R, B Lof+f1e1d and W W, Miller, Selence, 106 544 (1947)

bo Jo Baddiley and J., Ehrenvcord and H. Nilsson, J. Bio. Chem., _1§, 399. (1949)
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HC1 PBr |
(3) c14H3cozNam=—(=g¥2->clAH3CH20H —2n V30

Mg | 14, £ : NaOH "1 o : ”t A -v o4 °. ' . \A‘-’j__ AT I
==-==-=m>c H30H2'00 H --—--9»0141{ CH. C02Na ST
o, N
H*
(4) - CHQCHchZNa — CH30H2002H >» ‘CH;CHBrCOX
o - CH30H20001
HO | - NH,0H
' == CH3CHBICO,H = — 3> CHyCHENH,CO0oH
o | (N, ) 5003

‘Tt was ‘observed that j’;n.'the reduction of the acetiec acid with lithium
aluminum’ hydrideé “in diethyl carbitol solvent there occurred a marked and .
erratic diiutionfof fhe labeled ethanol with inactiye materialo_

To insure that the solvent itself was originally free from ethanol, it
was treated with lithium aluminum hydride, filtered and fractionally dis-
tilled, The fractionAboiling at 720/16 5 mm., was used for the syntheses and
for all experlmental work Attempts to identify ethanol in the solvent af'ter
treatment with 1lithium alumlnum hydride or in the LlAlHZ itself were une-
succeseful . The’ presence of carbon-containing eompounds in the llthium alum1='
num hydride was demonstrated; but its analysis (C; 0.95, 0059%) in the two
"samples used) showed thls source to be 1nsuff101ent to aooount for the 1naot1ve a
halide formed in the subsequent reactlona “
After treatlng the dlethyl oarbltol w1th phosphorus trlbromlde under the
condltions of the brominatlong O 18 go of produot was 1solated When an
identical amount of solvent was flrst treated with llthlum alumlnum hydrldes

then bromlnated the product was O 33 g Even when the greatest of care was
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taken to exclude diethyl carbitol from the bromination of sjnthetic_efhanol;
ylelds in excess of thebretical were still found.,

Methanol was prepared by lithium: aluminum hydrlde reductions of 0140
in a check reaction and converted to the 1od1de,_rSod1um acetate_waseprepared
from the methyl'ibdidew)‘° The equivalent weight of the acetates so prepared .
was as much as 8% high, Qhereas that of sodium prOpiopate made from ethyl
bromide prepared in the manner described above varied a maximum of 0.6% from
theoretical'in six runs, - |

On the baeis'of'this'work, it was copcluded that probab1y some lithium
compound caused splitting of the diethyl carbitol'ﬁhder,the conditions ‘of ihe
preparation to give ethanol and thus cause the effects:deecribeda' ) |

The purification of the alanine was achieved by a novel combinatien of
steés whiéﬁ geve a high purity material on a small scele-with a minimum loss .
of material due 'bo’manipula‘bion° In this procedure the alanine was-firetveb-
sorbed on a cation exchange re31n and the anions (chlorlde, phosphate and
bromidé jons) washed out. The alanine was then eluted with ammonia to glve
an alanine-ammonia solution. When this eluate was“evaporated_to dryness,'
fairly pure, salt-free alanine was left, .By high‘vacﬁhm-subiiﬁation 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 radicautography of the

paper'éhromaﬁograms; After this, the papers were sprayeh ﬁitﬁ,ninhya;ih.'”"

5, B, M, Tolbert, J, Biol, Chem., 173, 205 (1948)
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These experiments showed. that only one amino acid; alanine; was present. in

each compound and that the ninhydrin spot corresponded with the radiocauto-

LAY T she lon [ E T T S S S S A L B S 5 A . X
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graph sbb%#“if

The importence of this check canubershown;ﬁy the following unsuccessful
expefiméﬁ%;V%Thbfpreparation'of:alanine=3=014 was first attémpted by con=
densatioﬁydfﬁdiéthylfacetamidomalonate:with-labeled méthyl iodide, It was
found that ‘ah appreciable améunt of a radicactive contaminant was present in
the alanine thus formed, which had amino acid like"properties and .could notﬂ
be efféctively separated. on a-smail scale, . Thisvimpnritys believed to be
sarcosine (Nomiethyl glycine), ‘would not be easily detected in alanine by

ordinary analytical meﬁhods:(elemental.analysesg recrystallization, etc.)

and indicates theéimportance;in the small-scale radicpreparations of special

purity tests such as the paper . chromatograms and radioautographs just mentioned;”

“It is interesting. to note thai small quantities of alanine may be de=

carquyl&ﬁed;bj’baeterial.action if left standing in unsterilized solution

at room temperature,--Thus, 59 mg. of'alaninewl~@14 was ‘aerated for three days |
in aqueous solution and the cearbon dioxide was trapped in- sodium hydroxidgvand_;;
precipifaﬁed'as barium carbonate, It was found that of the 2.43 x 106‘dis,/mipy,.;

put into some 75 ml., water only 1.69 x 106 dis,./min. were found in the solution.

éftér'aeration:and 0;69fx~106 dis./min, were found in the barium carbonate pre-
cipitated from the.sodium hydrokide bubblers.,

Experimental -

Sodium propionate=1-Cl4, - Thirty millimoles of methyl magnesium iodide

was carbonated with 20 mmoles of Glﬁozl(from 3.94 go_Ba01403; 5°O2luc/mg°(6); .

6. "Isotopic Carbon%, Calvin, et.al., John Wiley and Sons, Inc., New York, -
New York (1949), pp. 178-179.
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The yield was 1.87 g, of sodium propionate=1r014_(spepific.activity-la.L uc/mg.)J

‘which is a 97.8% yield.

-aaBromoneriggip=l=014’acid, == Dry sodium propionater(9371mg.'9.87~mc, from
the above preparation was placed in a gasﬂsoiid.reactor(7),..$hiéfbu;bvﬁaﬁ,then
evacuated to about 10 microns pressure‘and‘filled'with annexcess,(one—halflatf_
mosphere) of dry purified HC1 gas. The SOJid sodium propionate was then heated .
geritly over a Bunsen burner, After the exchange reacfion:was completé.thg.;
mixture of propionic acid and excess HCl was distilled in vacuo into a: large.
trap cooled with 1iquid nitrogen, The cooling bath was' then changed to a Dry
Ice-isopropyl alcohol mixture, and the excess HCl'pumpedvoffh- In preliminary
runs it was established that the salt residue contained less than.0,1% of tﬁe
initialﬁactivity and no demonstrable amounts of propionic acid. It was also
’ éhoWn"that the propionic acid so prepared-confained 3-5% of water.

- ‘The propionic-1-C14 acid was distilled into the bromination vessel(®) which
‘contained 0,04 g,'red=pho§phbrus, 0.02 g,-iodihevand 0.2 ¢c. propionylchloride,
Thé mixture was allowed to reflux on the steam bath for one=half hoﬁ; to destroy.
- the water; 1.5 cc. bromine was added dropwise and refluxing was continued for .
three hours(g),- The low ﬁemperature condenser was:- kept at’isopropyleélqohol-qg,

Dry Ice temperature,

7. "Isotopic Carboen', Ca1v1n9 et. al., John Wlley and Sons, Inco, New York, s
New York (1949), pp. 162, , .

8. B, M. Tolbert, F.C. Chrlstenson, F N H Chang and P P T Sah, J. Org.
Chemog }_&g Flgo 33 po 528 (1949) : . . . :

9. J.C., Eck and €.5, Marnel, f0rganic Synthe51s“ Colleqtive_?oi,;ll,
P. T4 (1943) _
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L _After sweeping out the excess bromine with a slow. stream of airy, the mixture
of awbromOproplonic=l=014 acid and a=bromopr0piony1~1uc14 bromide was; cooled and
;lhydrolyzed by slow addition of 2 cc,_of water,v

Alan1ne»l=€14 . = The 4mination was performed in a threemnecked flask by

*slow addition of a=bromoprop10nio=1-cl4 aeld to a ‘mixture of 6 g, ammonium car- .
3wbonate and 15 ooo concentrated ammonia hydrox1de(10 11) The reaction mixture

. i was’ kept at 60°C for six hours and. then vacuum distilled to dryness. The dis=

otillate contained 1=2% of the’ startlng activity°

'The" “orude alan1ne=1-014 was ‘purified by (a) passage through an 1on ex=
change re31nvcolumn and (b) high vacuum subllmationo
PR -4 glass eolumn (30 em. % 2 em,): filled with 60 cc, of Dowex 50 resin
'1(20"40 mesh) Was treated by eycling it to exhaustion three or four times w1th»i
R N sodium hydrox1de solutlon and’ 2 N hydrochlorle acid, respectlvely, endlng
withthe.‘acid° A11 the excess acid,was,washed out thoroughly with water, and
theén the 6066906;mgo of crudeé alanineel=614, dieeolved~in a minimumuamonnm of
1;water3 Wes added to- the column, . followed by 500 cc. of water to elute ‘the 1 amonso
The. alanine was eluted with 250 ccs of 1, 5 N ammonium hydrox1de, followed by
250 ccy ‘of watero The resin was regenerated With 2 N hydrochloric acid The‘ ;
water~eff1uates ammonium hydroxide éluate and hydrochloric acid regeneration |

:solution'were~each evaporated to dryness and were found to contain 3%, 88% and

10, N.D, Cheronis and K. H. Spitzmueller, J, Org, Chen., §, 349 (1941)

11, J. M Orton and R. W Hlll, "Organic Synthesis" Collective Vol. I,
300 (1941)
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5%, respéctively, of the activity put on the resin,

Ingérder'to remo%é traces of ammonia the dry residue of the‘gmmdniﬁﬁ ﬁyé o
droxide eluate was made slightly alkaline with sodiﬁm,hydroxi@e_and evaporated -
tb dryness. After redissolving and adjusting the pH to 6.8'the_solution Wﬁé,‘~
transferred to the lower part of a sublimation apparatus with a an,cgntimeter
sublimation gap, evaporated to dryness and sublimed at one micron preésureva
and 160~2009 for two hours with the cold finger at liquid nitrogen temperature.
The sublimation residue was redissolved (pH 8.5), adjusted to pH_6;8,,§riedﬁand '
resublimed, This final residue contained 4% of the initial crude_glaqin@*
aetivity; |

The yield of alanineal-ClA was 802 mg. with a specific activity of 9.9
ue/mg, (theoretical, 9.11 pe/mg.). This represents a radiochemical yield of -
80,5% bésed'on sodium propionate=l-Cl% used,

Ethyl-1-C14 Bromide. -- Acetic-_lucl4 acid was prepared from 1.602 g.

(29.2 mcu}'of'sodium acetate-1=Cl4 (6) using dry HCl gas as in the previous
procedure for prepéring propionic acid. The product was diétilled in yacuo
into a dropping funnel which contained 5 ml. of repurified diethyl cgrb;tﬁl.
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 a U-trap immersed in a Dry Ice bath (Fig. 1)(12’13). The acid solution

| ﬁas dropped slowly onto the 1ithium. aluminum hydride sdlutionvwith occasional = -

12, R,F. Nystrom and W G. Browng J. Am Chem, Soc.,, 69, 1197, 2548 (1947)

13, (R F) Nystrom, W, H. Yanko and B, Gc Brown, J Am Chem° Soc., ZQ 441 |
1948 : o
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‘shaking and coohngo Af*er additioﬁ'bfithe'acid was completed, the dropping
‘ fun§e; Wag :}nged Wlth several small pertlons of the ‘solvent and the solut;on
_‘_wgsiallowedfégkééand %;fh 006;31ona1 shaklng for 30 m1nuteé°‘ The lithium  .

tglum;ngm hydride'solutlon was deeomposedzby the slow addition of 50 mlé-of
. .Niﬁﬁffi:dafﬁitél and the system swept free of hydrogen by a -slow nitrogen
‘ stream°‘” mwhuJ:'>‘

Thé ethano‘lolmalA thus produced was dlstllled 1nto the cold trap using
',é.p;trogen“sweepd Alternatlng'periods of beiling were used to insure com-

-bieée ekéhéﬁge'be%Weén the excess N-butyl carbitol and the lithium ethanolate.
»P;olonggd boiiing without gas sWeep may produce enough hydrogen to cause an
.explbsiono ‘The ﬁbnévolétile distillation residue contained 2,9% of the initial
activity.

The cold trap contaln;ng the ethanol and about 5 ml. of the solvent was
attached to the vacuum line and subjected to. two vacuum distillations to re-
duce the amount of carbitol‘presento*‘The ethanol was then distilled into a
; smaii'fiéék{énd'conVerted‘to ethyl=1=014 bromide with»phosphofus'tribromide(A)
‘ The chemlcal yield of purified ethyl bromide was 2049 go3 this represents
1about 50% radlo dllutlon because of splitting of the diethyl carbitol by .
11th1um compounds Wlth the format;on of - ethanol,

Sodium prop10nate=2=014 == The ethylwlaclA bromide thus prepared was con-

(1)

%erted to the Grlgnard reagent and this compound carbonated w1th inactive COy:
The y1eld of dry sodlum proplcmz:fi:eu&=4.,‘3°‘L‘4P was 1,58 g, (19.8 me. ) of SpGCJflu
act1v1ty 12,5 p,c/mg° or a radlochemlcal y1eld of 68%

AlanlnemZaﬁlA = Flfteen mllllmoles of thls sodium proplcnate=2=014 was

converted to alanine as previously deseribed, The radicchemical yield was 75%

o
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based on the propionate used, and the specific activity of the product,wés_v;_

4.3 pe/mg. |
Sodium propionat653=014; == As previously described 1,229 geo (13.2 mc,)%

sodium acetate-2-Cl4 was reduced with lithium aluminum hydride in diethyl
carbitol solution and the alcohol produced converted to the bromide to give
1.92 g, of ethjluZwCl4 bromide, This labeled ethyl bromide was thenlcon-.“: 
verted to the Grignard reagenf and carboné’ted° In this manner, 1.225 g. -
(6.51 mc,)'of sodium propionat_e==3-=Cl4 was produced, which represented a radio-
chemical yield of 49.5% based on the acetate used to begin the synthesis. =~

Alanine-zmcléo'ws Twelve millimoleé of this sodium propionate-3—014 wasi _
converted to alanine, as previously described, The radiochemical yield was .
72% based on fhe sodium propionate used and the specific activityrof the pro=- ‘
'ductlwas 5,74 ue/mg.

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

interest and assistance in this work,
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