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. PREPARATION OF DLAVALINE»494YEC%49 DL-NORVALINE-3-C™%, DL-LEUCINE-3-G4,
DL-NORLEUCINE-3-c14 *
by Re Ostwald

Radiation Iaboratory, University of Galifornia, Berkeley

ABSTRACT

1) DIL-~valine=iq4 ”aC%A, DlpnbrvalinenBGu", ,DL--leuc:‘i.‘ne.--’jw-»(}l/+ and
DL-norleucine-3-G14 have Been mrepared with high specific activity..

2) The appearance of lower molecular weight amino acids and other
by-products was observed in the course of these preparations. Some possi=

bilities as to their origins and identitites are discussed.

(*) The work described in this paper was supportea, in parts by the Ue, S,
" Atomic Energy Commission.
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Introductions

In a continuation of previous work (1,25‘we‘have‘endertaken the prepa-
ration of‘vaiine=4,4ﬁm0%4, norvalinem3m014; leueine-=3=;cl4 and norleucine=3~014.
The method of.syﬁthegis as represented by the following scheme was chosen
-‘because of its wide application, the generally‘high yields of amino acias

reported by this method (3,4,596 7) and the availablllty of the reqplrea

labeleﬁ hallaes in thls laboratory (8 9)0

_~-CO00C2Hs - ' alkali metal L o c/,COOCQH5 - HC1 or HBr -

R'K + HOZ—IWCOCH - NHCOCHj ———> R"-CH-COOH
| c:ooc:zﬂ3 RYOH NGOOC,H 2 !

-

5 . A 'NHQ
+COy +12’02H50H +»GHBCOOH

The followxng preparatlons of these 1sotopucally‘labeled amino a01as

have been reportedo DIpvallnenlpcl4 and Dlwleuclneul-cl4 by the Strecker
method from HCLAN (10 11); DIpleuCLne=2wcl4 from isocaproic ac1d—2~0 (12),

Dlpvallnea4,4“=c 13 from 013H31 and alethyluethyliaeneumalonate (13) ana
uniformly labeled Dlpvaline and Dlpleuclne by mlcroblological methods (17).
_ Dlpleu51nem3=cl4 and DLpleuclne=4s-»Gl4 have been prepared (15) in 42% yield
by the same methoﬂ as is described in this papero No reports on the pmepan
ration of 014u1abelea norvaline or norleucine have come to the author's
attentlone | ) | |

Experlmental |

1) Norvaline~3==014 _X&rechlorideo

The pmeparatlon of norvaline=3=014 will be described in aetail as

an examp&e of the pmocedures ‘useds
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anropylal-Gu"miodide was mrepared eccordi'ng to the following_ scheme (8)s

| - 90% ca(0H)2
. CH4CHyG ™ 00H > »(cﬂgcﬂzc*oo)ii% ﬁi __fb_.;,

A

- . P .
QHBQH2(;*H20H_,_}A_-__9 cHBGHZG*Hzl R
. I, » _

30 mimmoles of diethylacetémiapﬁzalonate (Winthrop-Stearns, C.P. recrystal-
lized twlce from hot water, dried) vas dissolved in a solution of 17 milli~
moles of potassium in 25 cce of tertiary ‘butylalcohol -'(dried by distillation
from sodium). This mixture was placed in a long Carius .bomb-tube fitted
trith a stopcock and a water condensero After the tube was frozen and
evacuated, 16.6 millimoles of n=-;mopy1=-1—~cﬂn=ioalae containing 3449 mce
were added on a vacuum manifold and the mixture was then refluxed for four |
hours on a steambath, (Previous experiments had shown this time to give
eptimum yields of the cohaens'ation product.) The :salt was removed by centri-
v fggétion and the solv'ent aistilled off under vect_tum, yielding 76% of the |
bcondensatien pr'oduct° | | - ’ |

00CH5 S |
/CI\IHGOGH3, containing 2544 me. (73%)

COOG2H5 ] o

CH30H23 H2 - G

The product was hydrollzed and decarboxylated by reflux:.ng it with saturated
aqueous hydrogen bromide for 72 hours. (in subsequent preparatlons con=
centrated hydrochlonc acid was used, glv:.ng similar ylelds and a somewhat
purer product.) The solution was distilled to dryness in vacuo and traces
ef" acid were iemovea by adding three small peftiens of water and distiiling
te ary-nesso ;v ;

A sample of the product so obtan.neﬁ was subjected to paper chromato-
g,:"a.phy using water-saturated phenol and’ n=butanol~propionic acid—water

(23131.4) solvents (16).. The Paper was radicautographed and the radiocactive
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spots counted with a Scott Go M. tube and then sprayed with 0.1% ninhydrin

in 95% ethanol, The product proved to consist of 94% norvaline, ;,5%

| raaloactlve alanine, 1% of a radloactlve compound whose chromatographlc

b'ehavj.o’r indicates it to be g~amino-butyric acid (it will be referred to

as "g=aminobutyric acid™, since no other tssts have been applied to establish

its 1denti‘ty), 0,2% and 5% of two unknown, nlnhydrln-»negatlve, radicactive

campounds (Re'S (Pheno1) 0049 and 0:90y Re's (Butanol~Prop,) 0+70 and O 80,

respectively ), and non-=radioactive glycine@ The origin of these oontamnants

will be discussed belowe | |
The norvaline was purifiea‘ by fractional elution from an i‘on;exchahgé

coiumné industrial glass pipe (2.5 cm. in diameter, 50 cme. long) filled

with 365 cco of Dowex 50 (250-500 mésh; in the hydroge_n form) to a heigh"b"'

of 44.011.19 was u.‘se.ao Ordinary pyrex tubing was not used as it is often cracked

by the expanding resin, After the sample had been applied, 't.he' column was

washed with 2 1o of vater, This effluent contained 33 Hco (0.3% of the total

activity)s The amino acids were then eluted with 0,25 N hydrochloric acid

at a flow rate of 80 cco/hre or 0.28 cm./min.; every fifth fraction’ (about,

20 cco per fraction) was counted.and chromatographed on paper with butanol-

mopion.ic oc_idmwatéir solvent. (In the other amino acid preparations the

column dimensions) vacia stfeng‘bh and flow rates were changed as aéscribed

laters) Forv details on this :"Lon==exchange parification (and for 'bhose of

" the following amino acid mreparations) see Table I, |

The yleld of norval;.ne"HGl was 1983 gro (74% of theor,) with a speco

activity of 144 Ho/ng. (theors 14,0 bc/mg), a total of 295 me. (753 of

theor.). Paper chromstography shoved that this fraction contained about 2%

of radiocactive impurities: 1 2% of an mlknown [Rf (Phenol) 0,724 Bp (Butanolm _
Propionic ) 0962] and 0.4% each of alanine an& ®a—aminobutyric acid™, A

chlorine analysis of the norvaline hydrochloride showed 2465 C1 (theor. 23.0%).
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2) VallnemA.,A”wGM hyarochloriae

-

(mf Jcha.nks are due Mrs. P Adams for the preparat:.on of this compound. )

Isom’opyl=2 2"-0%4@196183 was rrepared accor(?:mg to the fo.'L'Lowing

scheme (18): S ..
" % ' . % A 1) Hy
G0 3> (C"H;C00)>-Ba ~>CHy - C~ CHy 2) Gopper chromite
3) ?4,9 I

cz"1{3'»(;}1_1:«»0"’H3 in 75% overall yield.

B _13 ;2‘ millimoles of isopropyl-2, 2ﬂmcl4==i¢aiae conta'iﬁing 11.1 mc. were con-
densed wi'bh 26 mllimoles of dlethylacetamaomalonate in 20 cCo tert:.ary
butanol, conta:.nlng 13.2 mJ,llJ.moles potassium ter‘blary butoxide. The con=

. densation was carriea out in a threewneck flask fitted with a stirrer.,
,reflux conc‘ienser and aropping funnel through Whlch the halide was slowly
added to the reaction mixture, Af‘ber the addition the mixture was refluxec‘i
forv 24 ﬁours. After hydrolysié ‘and aecarboxylatlon with concentrated _
hyﬂrochlor:.c acid, the crude amino acid mixture (8. 2 mcey 73% of the
initial activn ty) was found to contain valine9 nonmraﬂloactlve glyeine,
small amounts_ of raﬁloact:l.ve alanine, 'amamlnobu‘tyrlc acid" and less than:
v 3% of a ninhydrln negatlve, radipactive unknown compound.
' The product was purified on a Dowex 50 column (2.5 cm. in diameter,
160 cmo long) filled with 700 cc. resin (.lOO-»ZOQ mesh) with a capacity of
12100 meq, After the amino acid had been applied and washed with 1500 cc.
of water (this effluent contained 2,1 ‘H’Qo) they were eluted with 1 N hydro-
chloric acid at_a flow rate of 20 cco./hour (0.07 cme/mo)e

The hydrocplofig acid solution of the fractions contaj.nirig‘ pure

valine was distilled to dryness, dissolved in water, evaporated to dryness
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on a steam bath and dried in Yacuo. The dry valineﬁA,A'ewC%4 hydrochloride
weighed 1507 geo (54%_of theoretical) and had a specific)activity pf-G,OIJQ/mg,
. ~(theoryg 565 ﬂc/mge’-)e The discrepancy in specific act.ivi.ty is withir; the-
. limits of accuracy of the assay of the isopropyl iodide, The yield of pure
valine was 6o4l mco (56%)s Two-dimensional paper chramatographic analysis
showea_tha valine to be cémpletely free frqm radiocactive and amino acid
contamination, ‘ S

An additional 1,73 me. of valine (15%) contaminated by a trace (less
than 1%) of "amino butyric acid® was isolated from the earlier elution
. fractions. )

3) Norleutine~3e014

ntutylmlmcMubromide was ‘pr.epared__in a manner analogous to that used
-;,forinnpropyloiodide {8)s Two batches of n~buty1~bromide~1;014, 646 mili-
moles containing 13.8 meco and 8,5 millimoles containing 20,7 mc.y réspectively,
were separately cqndensed with diethylacetaminomalonate and hydrolized to
. the amino acids as described for norvaline., These crude hydrolysis products
remresenting 62% and 71% of the initial activity were pooled for purification.
This pool contained non-réaioactive glycine, traces of radiocactive alanine,
"aa-aminobufyric acid" and an amino acid whose chromatographic behavior indi-
'éates it to be valine (in absence of more rigorous tests for identity it will
be referred to as ™valine'™) and ab;aut 2% of an unknown radioactive, ninhydrin
negative compownd (Re (Phenol) 0835 R, (Bu‘tanc;l-propionic) 0.82),

The ion-exchange column for.the separation was 570 cce of Dowex .50
(250-500 mesh, 2.3 x 116 Cme) in the hydrogen forme The capacity was 1710 meq.,

loaded with 2% of this capacity. After the sample had been applied, 6 1, water
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were passed ‘bhx‘éugh “the @lﬁmng The effluent contained 0,01% of the activity,
The amino acids were eluted with 1 N hyﬁi'échloric acid at a flow rate of _
1 nﬂ;o/héﬁr or 0,05 cme/min, Every fifth fraction (abouf 15 cc. per fraction)
was tesf-eﬁ for ‘radioactivi'by and ninhydrin-sensitive materials. : ‘fhe‘ active |
fractions were identified by one-dimensional paper chrematography and pooled
accordingly. The norleucine hydrochloria.‘e 80 o,bfained, a glmmy, brovn
material,v was cénver'bed to the free amino acid by extraction with absélute
alcohol and mrecipitation with gaseous ethylene oxide. |
The oirérall yield of norleucine from the bromide was 62% (2,129 g,)
containing 69% of the starting activity {23.80 mc.). The specific activity
was 21 Kc/mg. The recovery of the activity from the column was quantitative.
On a two-dimensional chromatogram the material proved to contain no other
a=amino acid and about 2% of the same 'I"ad'iioactive, ninhydrin‘ negative compound

- as mentioned above..

T 4) ieucineaBAClz" hydrochloride

ISObuty‘l—l—Gu*miodide was prepared in a manner analogous to that used
' for n=propyl iodide (8). |
‘Three batches of halide, 8.8 millinoles containing 11.2 meey 9e3
' millimoles containing 12.1 mc. and 8,5 millimoles containing 5.0 mec., were
condensed separately with diethylacetamidomalonate and hydrolized to the amino
acid as described for norvaline. The crude hydrolysis products contained -
647, 6c6 and 2.1 mce, respectively, representing 60%, 54% and 42% of the
starting activity., They were pooled for purification. - The pool proved to v_
contain non-radioactive gl'ycine, radicactive alanine and "g-aminobutyric
acid® (0.2% each), radioactive leucine and a radioactive, ninhydrin negative
compound a ppearing near leucine (Rf values slightly greater than those for

leucine ), The ion-exchange column for the separation of these compounds was
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‘the same as ﬁescrlbed for norleucineo :The washwater contained 2,2 #c. The
o fractlons contalnlng only 1euc1ne and 3% of an unknown were purlfled by
recrystalllzatlon from water, after boiling with charcoale ThlS treatment
,removed the unknown compoundo The total ylela of DIpleu01ne hydrochlorlde
_-Jjwas 2,958 ge (66% of theoretlcal) with a specific act1v1ty of 5.6Jhyﬁng.

The yield on a raaloactlvity b331s is 16e5 Mea (59% of theoretlcal) The
recovery of raaloact1v1ty from the 1onmexchange column was qpantltative.
Dlscn331on » | ‘ |
The appearance of several by-products in the course of ﬁne condenéam
“tlon of diethyﬂacetamlaomalonate with various al;;hatlc halides in an 1nterest~
ing and pmev1ously unreported observationo These products are partly auamino-
*>%¢¥d in nature and partly non-amino acid, as judged by their behavior tnwards
the ninhydrin reagent. Their observation was made possible only by the
E,applicatien:of_paper chromatogra;hy and radioauiographyo__The usual nethoés
for the eétablishment of purity and identity (Micro=K;'ieldahl9 C, H analyeis,
melting p01nts) do not show the small percentages of these contamlnants,
especially when homologous amino aclds are involved (see. for 1nstance (15)).
With the exceptlon of_glycine,_whlch arises from the excess of

diethyl-acetamidomalonate used, the ‘origin of these compounasrie dbscuneo
There,are several alternatives to account for the presence of these‘camf
poundss a) The halides which were used were contaminated with lower |
molecular weight halides, b) there was some decomposition or rearrengement
in the course of the condensation or hydrolysis, or c) there_was some de-
composition or rearrangement in the course ofvﬁhevchromatographic nrocednreso

. However, the data so far accumulated do not give an unequivocal

- answer as to the origin of the variousvbyb;moducts, The purity of the
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halides is difficult to establish, The absence of contaminants can only
be determined within ¢ 2%‘vwhen té'sted by density, refractive index an& éleinent-
ary analysiso Mass spectrography aoes not tell more because of the lack of
standards for comparlsons.. ¥then carefully purified (fract:.onally distllled)
samples of commerclal or radloactive 1so:x'opyllod:.6e (pure by these stanaards)
were used for the preparat:.on of valine, very little or no alanine coula be
seen. AlSO when two norleuclne samples were comparec‘!., one made from not
fractionally distilled and therefore possibly contamina.‘bed radioactivé
n~butylbromide, the other from the same halide diluted 5 times with commercial
' G,P;' n~butyl bromide, the amount of alanine was very much less in the second -
| cases On 'the‘o“oher hand, in the one case when alanine (containing ]2%’01"
the &stérting activity) was separatéd in weighable amounts from a radioactive.
leucine preparation, the specific activity of the starting isobutyliodide
and of the resulting alanine were idenficél (1.54 x 107 dis ./min,,/mmole’) ;3 it
’ is fheref-ore indicatec‘!"bhat the alanine is formed from the isobutylbromide |
and hot from a chance contamination wj.‘bh labeled methyl halide.

The c‘l;ta in the case of thg Ya~aminobutyric acid™ 'are similarly
inconclusive., This aminp acid was sé_en in all valine préparations even those
where there was no alanine, It was invariably not radioactive with our
methods of detection. It is difficult to imagine any pathway from isopropyl-
2,2_?(‘%4 halide to noh—i‘adioaétive ethyl halide.
~© ° . The same "g-aminobutyric acid™ was also seen in all preparations of
norvaline, leucine and norleucine, It was sometimes radioactive, in other
cases it was not. It was usually present in smaller amounts than alanine.
In the one case where ’ohis amino acid was separated in weighable amounts from
a radicactive leucine preparation its specific activity (1.78 x 105 dis o/min./

mmole ) was very much smaller than the specific activity of the isobutyliodide
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used (153 x 107 dise/mine/mole). It contained about 1.5% of the starting
activitye - If .regr:angemen‘l;s of .th.e.__halide were ‘to‘qc‘cq‘un‘zt for..these, data it '
. would have {:o‘ be extensive and the splitting would have to occur in several

- different places to result in radicactive and non-radiocactive ethylhalide in
order to modme a~aminobutyric acid. of lcw_specif_iq a,ctivityo,; On jt".he\ other

- hand, to.account for the high spec;_acto of “bhe al;anjjr;e. one has to assume

| that the iscbutyl iodide is giving only radioactive methylhalide. If chance
Y cgntamipation”is the ori_gin_ of ‘_the,_,_se “comp_o.unds_ cone would have to va_"s‘smne that
gyhyl_palide is .harae:,vto remove than me’c_,hyll;gl_ide; sincg the va‘Z‘Lin_ev Frepa-
rations from highly purified. isopropylhalide showed very little QI‘: no alanine,
but did contain “amar;linobutyric acid®. | -

A rggiioaéft.ive amino acid whose chromatographic behavior étroﬁél& .
indicates that it is yaliﬁe fWas, Aseben in the leucine and norleucine mrepa- |
 rationse It is noteworthy that the same contaminant is present in comercial
- DL-leucine and IL-leucine. The goncentration varied from traces :b¢ about 10%

of thé activity of the main product. Similar bynproducts were seen in
meparations of alanlne~3~614 by thls me‘t.hoa (2) and in preparat:.ons of
amamino»butyrlc acid-3-Cl4 (19),

The origin of the ninhydrin-negative, radioactive compounds with
higher Rp in butanol-propionic acid than the main product seems to be connected
with the chromatographic procedures. When,for instgnce, a norleucine spot
and the ‘acéommnying unknown Wwere cut out from a paper, eluted with water -
and reuchromatographed separately, the norleucine spot wasagain accompanied

by 5-8% of the unknowﬁ while the unknown re-appeared unchanged. Hea_’bing of
~ this unhown compound with conc, hydrochloric acid in a sealed tube did not

change its chromatographic properties.
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Other‘ o‘bservatibns lead one to sus péct that the ninhydrin-negative,
radioactive spots result from an alterati_on,of the amino acids during
chromatography or ien-exchange, For instance, occasionally an amino acid
. mixture showed a different compos_i_tion, qualitative]y; and/or quantitatively,
before and after the fractional elutign__lfrom'a Dowex 50 column. |

The fact that there appear unexpected by-products in the course .of
the synthesis of amino acids and that these ob§ervations were made p§ésible
only by the use of paper chromatography and radicautography seem important
enough to present these data, although unfdrtunately they do not permit us
%o advance an unambiguous explanation of their origin, o
Summary s | _ _

1) DL-valine-hs4'~C7, DL-norvallne_3-c;14 DIL-leucine-3-GL4 and
, DIPnorleuclne-»B-Gut— have been prepered w1t.h high speclflc activity.

2) The appearance of lower molecular weight amino acids and other
by—m‘o&ucts was obéerved in the course of these :prepa'ratio'nse Some possi-~

bilities as to their origins and identities are discussed.
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Footnotes to Table°

(1)' Ge c, = 6% . of acid massed through the eolumn this expre531on makes
. capacity of colum in meqe acid - .

possible a comparison of elutions cn columne of" dlfferent capaclties
and with different eluants. - :

(2) Total radioactivity of the halide used in the pre;aration. This is
not identical with the activlty applled to the column. = - -

(3) The percentages are the percentages of the raﬂioactlvity in the glven
fraction, : _

(4) This preparation was eluted with 0,25 N hydrochloric acid,
(5) Was not chromgtographed.

‘(6) Very faintly radiocactive.

(7) Gives no color reaction.with the ninhydrin reagent.,

(8) These pools include the fractions on either side which proved to contain
neither radiocactivity nor ninhydrin sensitlve compounds.
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