Lawrence Berkeley National Laboratory
Recent Work

Title
The Synthesis of Labeled Alpha Amino Acids

Permalink
https://escholarship.org/uc/item/37d3vOfj

Authors

Reid, James C.
Tolbert, B.M.

Publication Date
1949-08-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/37d3v0fj
https://escholarship.org
http://www.cdlib.org/

UCRL_(@%_T_

UNIVERSITY OF
CALIFORNIA

* Radiation
Laborator

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that.its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '




L S _1;[’55:%'% UCRL 408
i Ml assified Distribution

e

UNIVERSITY OF CALIFORNIA

! Radiation'Labératofj

Contract No, W-7405-eng-48

THE SYNTHESIS OF LABELED ALPHA AMINO ACIDS

James C, Reid and B, M, Tolbert

August 1, 1949

Berkeley, California

L | Copy o
L UNSLASS: '



UCRL-408
| : - ABSTRACT
THE SYNTHESIS OF LABELED ALPHA AMINO ACIDS”

A Review of Published Work Done Up to April 1, 1948

by
James G. Reid and B. M. Tolbert

. Radiation Laboratory and Department of Ghemistryg
Bniversity of GalifornlagBerkeleysGalifcrnia

ABSTRACT
August 1, 1949

The litepature'on the synthegis of isotopically labeled amimo. acids
(both a@ﬁiﬁé%and inactive isotopes) has been reviewed, and a short, cempre-

hensive outline of the chemicals used is presented.

%. To be insluded as a chapter in a fortheoming bo@k on amino acids
edited by D, M. Greenberg.

| This paper was written usder the auspices of the Atomic Energy
' - Commission, ‘




Zw

-y

UCRL=408

THE SYNTHESIS OF LABELED ALPHA AMINO ACIDS*

A Review of Published Work Done Up to April 1, 1948

by
- James C. Reid and B. M, Tolbert

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

I

INTRODUCTIION

dmong the newer investigational methods available to the biochemist
is the use of rare or artificial isotopes as tracérso The basis of the method
is the fact that two 1sotopes of an element are so nearly identlcal in their
chemical properties that in biological work the differences are not very ime-
portant. As an example, glycine (HgNCHgCOgH) can be prepared in such a way
that the @arboxyl group contains carbon whose content of the rare 1sot@pe cl3
is greater tham normal. Then the metabolic fate of the carboxyl carbon atoms
of gly@iné when administered to a living organism can be followed by ascer@éina* ’
ing in which of the éomp@ﬁhds present in the organism an abnormslly high conév
centration of G2 appears. The finding of extra ¢13 in a compound means that

the orgapdsm synthesizes the compound by a method which utilizes; directly or

* To be included as a chapter in a forthcoming book on amino a@id@
edited by D, M. Greenberg. :

#% This paper was written under the auspices of the Atomic Energy
Commission.
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indirectlyg the-@arquyl group of glycine° If glycine is prépared with the alpha-
carben position labeled, the fate-of this part of the molecule can be learned, and
by using a rare isotope of niﬁrogen, the amino group can bé followed.

A rare hydrogen isotope, too, can be used to label the glyéine° Al-
though ﬁhis»may be done in certain cases in order»to follow the hydrogen, the
purpose is more commonly to use the hydrogen as a tracer for the carbon to which
it is attédched. Thus, glycine in which the hydrogen attached to the alphé;carbon
atom is enriched in deuterium can be administered to an animal and then located
in the tissues by-ﬁeans‘of deuterium analysis, provided, of course, that the deu-
terium has not becomé éeparated from the earbonOWHThis requirement, that the hydro-
gen be stably bound %o the atom for which it serves as a tracer; places certain
limita@ions upon i%s use in labelingcompoundé° It is rot possible to use
hydrogen as a tracer for the~ahino group of,glygiﬁe, for instance, because in

the body of an experimental animal the deuﬁerium of thé amino group will ex-

_ change with the hydrogen of water and the amino hydrogen will rapldly approach

the isotopi@ composition of ordinary hydrogen° ﬁhe amino group of the glycine
will then mo longer bg disﬁinguishable from any bther amino group.

Tracsr isotoﬁes_méy bé of either the stable or radioactive variety. The
concentration of a stable tracer in a specimen under observation is determined
by a method of measuring mass differences, sueh:as densitj meaéurement or mass
spectrometer assay, an unstable tracer is determined with a Geigercﬁueller
counter or other dev1ce for measuring radioactlvityo

Satlsfactory sources of tracer isotopes are available for all the ele-

ments of major biochemicalrimportance with the exception of oxygen. It is
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experiment requires that.a particular positiom in a molecule be.labeled rather than any
otﬁer position, the choice of synthetid method will be further narrowed. Thus, a method
satisfactory for preparing glycine labeled with carbon in the carbonyl' group ié not
necessarily suiteble for preparing glycine labeled.at the alpha carbon atom. |

(4) With certain radioactive isotopes, the amount of activity necessary to conduct

a series of experiments within the activity limits required by tracer experiments

may be contained inm only a few hundred milligrams of products thus; the synthetic
‘methods skould be adaptabie‘to operation with small quantities of material (a gram

or less). {(5) The health hazard pfesented by radicactive substances limits the

amount cf activity which can be prudently handled in an ordinary laboratory.

| 1L, |
INTRODYCTION OF DEUTERIUM AND TRITIUM (Ds AND Top) INTO AMINO ACIDS

The synthesis of amino acids labeled with isotopic hydrogen is accome
plished.bj methods which involve either the direct exchange of_normalvfof‘i$©a
topiec hydregen or the reduction of an unsaturated linkage with isoﬁépi@ hy&rogeno

Exchange Reactions - The exchange reaction has the advantags that by
its use many @@mp@umdé which are difficult to synthesize can be easiiy labeled°
The conditions necessary forvexehange'vary with the compound; in general,
hydrogen attached to an aromatic carbon atom éxchamges more readily than when

| bound to en aliphstic one, and the lability is increased by the presen@@ of anv
activatorslsﬁ@h ag an ortho hydroxyl group. On the other hand, thé rate of ex-
ehange of hydrogen bound to an aliphatic carbon atom can be increased by the

presence of sn acid strengthening group such as an a-unsaturation. By vary-
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ing the experimental conditions a variety of compoundS‘cgn be labeled with iso=-
toﬁic hydrogen, Optically active amino acids a?e“racemized wheﬁ'the alphs
hydrogen is replaced. ' | |
The following amino acids have been prepared by the;exchaﬁgé of hydrogen

with strong (80-90%) deuterio- or tritio-sulfuric acids .deuterio-DL-phenylalanine (1),

deuterio-Di-alanine (2,3), deuterio-DL-leucine {2,3), and tritio-DL-phenylalanine (4).

Isotopic hydrogen has élso been introduced into amino acids by the use
of more dilute acid (20% hydrogen chloride or sulfuric acid in heavy water) by
prolonged heating at elevated temperature. Isotopes introduced in this way can
be removed under the same conditions by reverse exchange if the solvent is ordinary
water. This consideration places a limitation on the use of_amino acids labeled
with dilute acid in experiments where they will be subjected to the aétion of
hot acid {as in the hydrolysis of a protein). Concentrated sulfurie.a@ids_on
thé other hand, is capable of causing exﬁhange of hydrogén too stably bound
to be removed by heating‘with ZQ% aéid and_cdmpounds labeled in this-way can
be used with less danger of loss of tracer caused by subsequentjéhémical mani-
pulation, By the use of dilute acid in heavy water the‘folloﬁing'éohp©@nds have

deterio deuterio=I-proline (3), deuteric-cystine (3,5),

=glycine (3),

been prepareds

deuterio=ty

osine (3), deuterio=L-glutamic écid (3), deuterio-arginine (5) and

deuterio=lysine (5), After several days' heating, the extent of:eiéhange is small
in all cases. | .‘ |

In the presencé of platinum black:many cgmppunds willfexchange‘ﬁydrogen
with heavy water. Amino acids themselves do not exdhange.ﬁélls but thé method

can be used to prepare labeled starting materials from which amino acids may
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be synthesized. . Thus, deuterio-isocaproic acid has been made by exchange and

used to prepare deuterio-DL-leucine (6):

(s

o D20. ;*e. . ‘ P, Br
(CH; ), CHCH, CH, GO, H ?(c;{ﬁzc;vhﬁzcﬁzcozﬁ il |

1, K phthalimide
# 5% % %* 2. Hydrolysis * ® %
(CHz) oCHCHpCHBrCOH i —3> (CHj) ,CHCH,CH(NHj ) GO H

*
Yield, 44~53% based on 03

(a) The asterisk is used to designate the location of
~ the tracer isotope

Leueine labeled with both deuterium and N3 has been prepared by the
same reaction sequence using potassium phthalimide-N15 (Section III). By the

same sequence of reactions deuterio-DL-valine has been prepared from labeled

isovaleric acid (6).

Reduction of an Unsaturated Linkage: = The hydrogenation of an un-

" saturated linkage as a method of introducing isotopic hydrogen has the ad=
vantage that isotope introduced in this way is ordinarily stably bound. |

A particularly convenient reduction procedure is the Knoop reaetion,

(a)

in which an c-keto acid is converted to an amino acid by treatment with hydrogen

and aqueous ammonia in the presence of a platinum or palladium catalyst. By

substituting isotopie for ordinary hydrogen in the procedureg DLeglutamlc acido

ayB=d can be prepared (7) from a-ketoglutaric acids /
D2+NH3 .

HO2GCHoCHaCOCOoH T HOZCCHchZCH(NHZ)COOH

4 certain amount of isotope ean also be introduced into the glutemic

acid if heavy water is used as the solvent and ordinary hydrogenvis uged for
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the reduction. This procedure gives a different distribution of isotope in the
molecule; The Kncop reaction has also been used to prepare glutamic acid labeled

with both deuterium and FL5 (Section III).

Deuterio-DL-alanine has been prepared (8) by the Knoop reaction, with
gaseous deuterium,
Deuterio-methanol has been prepared by catalytic reduction of carbon

B N I N
monoxide and converted to deuterio-methyl iodide. The methyl iodide was then

used to prepare.labeled methionine (9):

» - I Homocystine + Na
1) # # . Py 12 % 5y 13quid NH,
o = CHBOH o— CHBI ' 35~GH2$CH20H20H(NH2)002H

Reduction of an umsaturated acetal provides a route to a labeled alde-

hyde, which ecan then be converted to an amino acid. In this way DL-leucine-B,Y-d

has been prepared (10} from isopentenal diethyl acetal:

Dy # % - Hy0
(CHy )5 C=CHOH(OEt), —==€9b(GHB)ZCHCHZCH(OEt)Z mm§§=u%;>
Y v , H .

NH,C1

%

N * %
(CH3) yCHCHACHO Kl (CH, ) ,CHOH,CH(NH, ) COH

In the same way, DL-valine-B,Y-d has been preparedz(IQ) from isobuténgl'giethyl :

acetal,

Gatawgti@ reduction has been employed to eonvert aapyrld@ne %o aeplperldone

~ which was then used to prepare DLaornithineaapﬁngdrmd(ll)




Yo

%
Hy
#* %*
Hot Ho
)
— k, cdo
Pt N

Hydrolysis
s

oma(c’ié‘iz) | COzH

1 o NH“‘
2, Hyﬁrwlysig

Y
== NHp(CHp) 3CH(NH2)COoH

UCRL=408

> <CHBTC0oR

Isbeled a=-pyridone has also been used to prepare proiine labeled

with both deuterium and le (see Section III - Bmino_acidé lsbeled with le)e

Deuﬁéri@wcyclohexanone prepared by the catalytic reduction.cf'phenolv

can be used as a starting point for the pfepafation of doubIY~labeled_lysine '

(Section IIT)- Attempts to prepare_deuteriOmcyclohexanone-by’diréetféxehange

between cyclohexanone and deuterium oxide in the preéence’of’piatinﬁm fail

to give a satisfactory yield.
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I1I.

INTRODUCTION OF N15 INTO AMINO AGIDS o .

In general, amino acids do not éxchange their a-amino nitrqgen with
other nitrogenous compounds under o;dinary conditions (14), and exchanée re-
actions cannot be used to_introduee\the tracer. Neither is the claésieal
reaction between an a=halo acid and ammonia a convenient route, because a
large sxzcess of ammqnié is required, a feature which makes for inefficient
utilization of the enriched starting material. Several synthetic methods
have beensuécessfully adapted to tracer work, however; of these the t@ovmost
generally applicable are the Gaﬁriel and ﬁhe Knoop syntheseé. TheVStrecker
‘reaction aiso fiﬁds_applieationo | R

Isotopic ammonia can be converted to potassium

phthalimide, practically without loss (13):

~ _JGo,H . o
¥*

° 3 SR 0oH —_—> RS ﬁ =0

/

The labeled phthalimide can then be converted to a variety of amino gcids by
condensation with the proper a-halo acids. Thus,,glzpinegng (13,15916)-has

been prepared from ehloroacetic acid in 89% yield, based on potassium phthalimides
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Hydrolysis iHéNCHzcozH

NE

on phthalimide and DL@serineaNl5 (15,17) have also been pre.paredo Qaserlne=N15

and Lmserlne=N15 were prepared (15) from the synthetic racemic m;s.xture°

The modified Gabriel synthesis employing diethyl sodium phthalimldo-

malonate has been applied (15) to the preparation oflggwprolineaNl5z ,

oo * NaOH’
G>NCH(C_02Et)2 ——
} C=0 ) .

BrCH(COoEt), )

o
NC(GOzEt)20H20HZGHQBr

Br(C B
O > NC(Na) (cozm)z—r;(———)l-‘ré-

1, Alec. NaOH
2 o H2304

>n Hzc _—;_'CHZ : . .

c HCORH = |
HZ\NH/ 2 ; L

The Gabriel synth381s can be used to prepare an amino -acid 1abeled

with both nitrogen and hydrogen by employlng an a-halo acid labeled with iso-
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topic hydrogeno By this modlfleatlons deuterloeDLaleucineaNIS bas been pre-

pared (13) Trom deuterio-isocaproic acid with the use of the same sequence of
reactions described in Section II for the singly labeled compound. The D and L
forms of Qggﬁgéigg;eggigggmiﬁ have been isolated (18,19) from the synthetic
racemic mixturga | ' )

Deuterio~-cyclohexanone, prepared by the catalytic reduction of

phenol, has been used (20) to prepare QLalysinewﬁ,faofadaNl5g

OH

H e
B 5 —-Hio[*->

1. Hydrolysis
Ro Benzoylation ,
%’ 06H CONHCHZ(CHZ) 30H2002H

=204 H500NHGH (CHy) 30HBrOOH ——3=» CeH500NHCH, (CHy) 3GHBrO0,C,Hs

1. Phthalamide-N*2 + Cud
2., Hydrolysis '

. o, * .
—=> HyNCH,(CH,) 3CH(NH,) GO H

‘Labeled L-lysine was isolated from the :aéemic mixture,
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The»Kmoegwaeaeﬁiong = The use of the Knoop reaction for the prepafation of
amino acids labeled w1th isotople bydr@gen has been discussed in Section II. The
reaction can be used equally well to introduce 1soboplc nitrogen by substituting

ammonia-N? for ordinary ammonia in the procedure. In this way, the following

amino acids have been prepared from the corresponding keto acidss Qg;alaninepﬂl5(13),j

ggfphenylalanineaﬁl5 (13), DL=tyrosine=N15 (13), DLcnorleueineale (13), DL-aspartic

acld-N15 (13,15}, Di-glutamic acid=Nl5 {13) and DLpYaphenylaaaamino=N1§=buﬁyric acid (2).

The ylelds range from AQa85%9 based on total. ammonia taken; most of the ammonia re-

maining un@onverted is recoverable as such from the liquors. From racemic mixtures,

1-g-amino=K 5=butyrlc acid (21)

es C:' ,‘ y

\heye been prepared.

An amino acid labeled with both hydrogen and nitrogen can be prepared by
%he Knoop reaction £f isotopic hydrogen:and N15H3 are'used together in the ﬁrocedureo‘
By this device, @mketeglutaric acid has been converted (22) to Dnglutami@ aeldaa,5=d=Nl5

By a modificaﬁion of the Strecker proeedures acetaldehyde has been converted to

DLaalaninele5 bytreatment w1th sodium cyanide in the presence of 1s@t©pie ammonium

chloride (15)
NaCN

GH3CHD .__E*ﬁfi”;_% ci1, 0B (B, ) coo

Lmalaninemml5 was isclated from the synthetie racemateo

In addition to these general typesg a few specialized syntheses have been
carrled through with isotopic materialso | |

Lmarginin@aﬂl5 labeled in the amldine group has been prepared (16) by the

following sequences
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- e ) . . +* s CH (OH *
NH; + BrCN —3> HoNC=N 3 e H2N8=NH
) L CHs
y Lo LNHy(CHp)40HCORH
NH502 CH3 %
= i _;.NHzgwnn(CHg)3CH(NH2)'002H

2., Hydrolysis . NH

Two nitrogen etoms in the guanidine group become labeled since they are rendered

indistinguishable by tautomerism,

Qg=prolin953,4,5=d=Nl5 has been prepared (12) by the following sequence:

3
lo NH3
CH300C¢ - 2, Hydrolysis D-
3. Heat 2
_ : —=s —ff————%9>
HC : Pt

Hydrolysis
(HC1

* 9
e HCl °H2N(‘CH2)20 (012)002H

éﬁPTOliﬂ@“ByAgsadéNl5 was isolated from the racemic mixture.

-
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! L-histidine-1-N"> hag been prepared (23) by reaction of sodium thiocyanate-N15

with Y-ketoornithire, followed by treatment with ferric sulfate of the thiolhisti-

dine so formeds

# : o : _ _
3 BENO; ¢ 3 CSp ¢ 2 Fe(gH)B + 6 NaOH o

3% .
3 NaSCN + 2 TFeS +S + 3 NaN03 + 2 'HQO

. . . ¥ :
LHoNCH,COCHoCH(NHp)COQH +  NaSCN == HC==——=GCH,CH(NH,)COoH

N/
SH

Fo(S0,)s
2 hd HT:::::EHCHZCH(NHZ)Cozﬂ

N H
Ne

The yield was 17% based on thiocyanate.
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IV,

 INTROPUGTION OF 63 awp ¢4 INTO AMINO AGIDS

s

The pféparatibn of amino acilds labeled with isotopes of carbon (013 or 014)

- requires the use of a greater varlety of synthetlc methods than does the synthesis

of these compounds labeled with other 1sotopes the usual isotopic starting
material is either cyanide or carbonate. |

Thebisotope GllgnWith a half-life of 21 minutes, has not been«nsed;to
label an amino acid;. although it has been used for tracer studies oncther types
of compoundsuof biological interest. Because of the nature of the operations in-
volved, it would be difficult to synthesize 8 labeled amino.acid, carry out an ex-
perinment and.nake radicactivity measurements quickly}enough,to avoidllosing most |
of the original activity by decay. ._ | |

Cyanide, in which form isotoplc earbon can be purchased or can ‘be prepared
from 1sotopie barium carbonate (24,25), is 8 particularly convenient material with
which to'begin the synthesis of an amino acldo It can be used dlrectly in the
Strecker reaet10n9 or it can be treated with an aliphatic halogen compound to |

form a nitrileo The nltrile can then be hydrolyzed and the resulting carboxylic

. acid converted to an amino dcid by one of the standard methodso

Thuss the methyleneaminoacetonltrlle synthesms, a derivative of the

‘Strecker procedureg has been used (25) to convert formaldehyde to glycinenlacl4

in 50% y‘ield9 based on cyanldee“. _ R

- HCHO o (&Hsoa o 'f- S |

Kgnf' 7% .Hcéﬂcaggm : HzS@ ‘ (Hzmcﬂzcﬂ)zﬁ.zS% ﬂg
T ' _ 2304 : ' . _ _ .
(H,NGHyCOp)oBa ~— ~—————3m> HZNCHQCOZH ,‘ L
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| Acéﬁéi&ehyﬁe hés'been converted (25,26)“by'the‘strecker synthesis to DL=- . .
ﬁalaninewlmc;4a The yield, based on barium @arbonéte from which the cyanide was

prepared, is 35%.

| NHBA

% CH3CHO HyO
HON e GHSGH(NHQ)GN ——:;;§wcn30H(NHQ)cozﬁ

G;gcineolmCIB has been prepared (27) in 81% yield based on cyanide, by
the reac%&on between chloromethylphthalimide and labeled cyanide, followed by

hydrolysis of the phthalimldoacetonitrale so formeds

o
#*
KGE > O i
HNCH,CO,H

The same prosedure has been used (26) to.prepare‘gégcineelécl3aﬂl5 ﬁroﬁ;@hloroé
methyl phthalimide labeled with N1%, R
& synthesis of Dmeethlonlnen835ap3Y=013 in,whlch cyanide is used as the

primary SQur@e of 013 is desecribed in Seetlon V.

Praetieally all of the procedures for 1ntroducing lsotoplc carbon whleh
do not employ Aabel@d cyanlde as the startlng materlal begln with isot@pic carbon
dioxide (varium carbonate) N S '5"[ ' SRR

Carbon dioxide has been converted to methyl 1odide by three semibmlcro
technlqueso The first (28) requires the use of hlgh pressure equlpments but

gives a yield of 84% against 76% for the sewond (29); The yield of methanol
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based on carbon dioxide is 81% by the third method (30) , which requires the least

specialized equipment,

: * : * .
8 GOy ~—m=——3e- CH0H ——3= CHyI
: K-Cu-A1 oxide

v » NaOH . H (CH3)o50,
B, 00y —————3> NaHCO3 ——=> HCOpNa  ———=———3HC0,CH,
‘ Pd _

Hy ' * ‘ HI *
e CH40H —— CHBI
Cu chromite

% LiA1H " ROH % B, I *
C. ©0, —— e, LiA1(0CH;), —— CHOH —4 3, CH3I

Msthyl iodide-Gl4 so prepared can be used (29) to convert S-benzyl;homOa

cystine to L-methionine-methyl-Cl4 in 84% yleld, based on methyl iodides

s Na + GéHﬁBgSCHgGHgCH(HHz).COQH o o
7 CHgl = ’ et > CH3SCH2CH2CH(NH2) COoH

Lig. N3

Methyl _iodideac‘u* can also ﬁe'ﬁ'ééd (31,32)1:.0 prepare g_]_,xcine-2=014.
:The iodide. is convérted 'to the Grignard i"é;éé_nt;.,;whiqh, _iscarbonated with ordinasry
" carbon dioi;ide to form acetic ac1d-2-614.Thisis ;;cénvefted to chloroéeetic acid
and aminatéd; The yield is about55% base?l"oh isqﬁoﬁic-bariﬁm" cafboﬁate used as
‘starting material. | T |

The synthesis:of ~‘glycine-2ecu~ ”jiiét"described}il;lu_stratés 'fb"h'e“ use of the
carbonation of a Grignard reagent tofi;fm a carboxylic acid. By the substitution

of isotopic for ordinary car‘bon dioxide, this react:_Lon can be adapted to the
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- synthesis of carboxylalabeled acids and is w1de1y used for the purposeo Various
procedures for. convertlng carboxylic acids to amino acids can -then be applled.
 Thus, carbon d10x1de=014>has been converted to glgclnealacl4 in 60%
yield from barium carbonate (32,33). |
1, CHsligl

e 2, B¢ ¥ P, Cly *
609 i CH000H  ~lommetiin CHoG1C02H

{NH 4)20@ 3 ' #*
= HzNCHzCOgH

A somewhat-ﬁétter yield (69% based on barium carbonate) has been obtéihed'(Z?)
in the syﬂthe91s of glyclne=lm613 by conversion of the labeled acetic acid to
ethyibr@moaceuauc and appllcatlon of the Gabriel synthesis.

A carboxylmlabeled 1ntermed1ate can sometimes be used fb'brepare

an amino acid labeled in a position other than the carboxyl groupa- Thus, DL»

terSlneﬁﬂfGl£ can be prepared (34) in 19% yield (based on barium carbonate)

from carboxymmlabeled p-anisic acid by conversion to Qmanlsaldehyde fbllowed
by condensat¢on withrhydant01n and reduction and hydrolys1s of the__“gmimatl:moxy-=

'benzalhydahtoinvso formeds

) _.
M

e ‘ o __.‘. _
;ﬁﬁﬁ'. P, HI .
‘ ' L
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Ba{OH}> GH30 \ / CHa CHVH,COoH
HI T\ |
: S HO(\ /) CHaCHNH2CO2E

DE=394=Dlhyd oxyphenylalanine-g-Ct4 has been prepared (35) from baraum

carbonate in 18% yield by a scheme slmllar to that used for tyr051n69 axcept that

a lithium 2lkyl was used instead of a Grignard reagent in the initial carbonation (35):
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Formaldehyde prepared by the oxidation of methanol (36) can be used as the

= gtarting poiizt for the synthesis of Q;gmtrypmphampwﬁuo The yield is 22% based on

carbon dioxide.

® 1

% Hy 0 ®
“ COp ——=» CH30H ——= CH,0
40%
# .
CHy0 +
H2 (C02C2H ) 2, B
CH3CONHCH(COQGZH5)2 ‘ ‘ l HCOCH3 572 ——
K-Na ' R
(GHy) 550,
(COoH) 5 T
Hoo3 s -1 CHGHOOH
P | NHCOCHj
H0 CHoCHNHoCO2H
—"“""T—% o
- H

o Acetylene prepared from isotopic barium carbide _:"Ls'a useful intermediate _

for the preparation of compounds labeled in two pos'itio‘n's; vg;yelnemlﬂ?acl"ﬁ has

been synthesized from thls 1ntermed1ate by the following sequence (4)
% ’ Mg % HQ » S ENE Agz@ ‘ '
Ba603 ———3= BaGy, — > HG.,CH — CHBCHO e GH3002H —%
. . . 1. K Phthalimide |
GHpBrCO,Et  —_2: FHydrolysis .y yiy.to.n
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Glycine itself has been used as an intermediate .in the synthesis of

sother amino acids. Dil~phenylalanine-a, _carboxylwcu’ has been .prepa,red' '(4') from
doubly labeled gi]l,ycﬁ.nemc14 by the azlactone synthesis. The overall yield based

on glycine is 50%.

GéHSGOG]. ‘ : CeH5CHO

HQNEHzEQZH e 06H5CONHCH2002H o
. AcONa
Aco0
'S %
66H5GHEG — =0
: | P, HI *® %
_ 0 S 06H5CH20HN32302H

7 3 -

Labeled glycine has also been used as an intermediate in the synthesis (15)

of p_I_pserineslmCBwNBz

B0
CgH500CL
BoficEoGoor —— HCloﬂgNGHQCOQEt — 66H5GONHCH2002Et

J/HCOzE‘t
- H(DCH"“ CH ( NHCOC@H5 ) COoEY

\i Al-Hg

o W
HOCHoCH(NHCOG¢Hy ) CORES

@zm
% "

. ‘ 3*
HOCHoCENHZCOoH
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V.

INTRODUCTION OF s3% awp 3% 1npo aAMING ACIDS

In all of the methods so far applied to préparevamino acids with marked
suifur-atoms; labeled benzyl mercaptan has served as an interméaiateej Lébeled
benzyl mercaptan can be prepared in two ways (37,3 8 99 40) s |

| 1. GgHsCHMgCL

o - 31:2 2% 2 o H20 2% . *
() HoS —== S ~———3—  CgHCHoSH Yield based on HyS
(4} 80-85%
' % RO % CgHgCHyC1 - B
(8) H,8 ——=2= KBS | _ (B) 4%

Q&amethion‘i_neaSB5 has been prepared (38340) by continuing as fbilows:

_w - Ha w C1CHoCHoCL -
CgHCHpSH ~ ———3> CgHoCHpSNa ~— ——— 36H50stcﬁgcﬂzcl

NGO I S
§ ;Z::>-N0Na(002Et)2 .
;\ "b\ ) ;;O ) . X | ) ) . ) . . ]

=O *7 o
= ~~ NG(C0,Et) 5 CH CH,SCHCg H
1, NaOH - » 1, Ne
2. HCL | 2, CHy

““””*“”‘“%Bﬁ'ﬂ H.CH SGHZCHQCHngcogH
67572 . Liquid NH3

.
CH,»5CH,CHCHNHoCOoH

The overall yield is about 20% based on isotopic sulfur used %o prepars t?@ hydrogen

sulfide.
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DL-homocystine-S3° has been prepared (40) by the scheme just described

‘~1

for methionine&'except that methyl iodide is not added in the last step; instead
® ¥ oxygen is bubbled through the reduced solution. The yield is about 25% based on

sulfur, .

In an improved synthesis of methionine and’ cystine the benz&l mercaptan
is condenséd with_ethylmAcchloro=aubenzamidobutyrate {39) or ethyl-p-chloro-a-
benzamidopropionate (41), respectively; h&drolysisvof thexcondensation product

v

gives benzylhomocysteine (4) or benzzlexsteine (B):

: " GlCHQCH(NHGOCéH5)COQMe
(4) . CgHsCHpSNe Aﬁas 06H5CH250H20H20H(NH0006H5)cogEt

'«nm;;mw§5506H5CHQSGH20H20HNHQCOOH : - :
% OlGHgCH(NHCOCéHs)COQMe
(8) CgHsCHySK = = 66H5CHZSCHQCHNH(0006H5)COQMe _

-

HO %
‘—‘—:“? 06H5CHQSCH20HNH2002H

The benzyl group is then removed as before with sodlum in llquid ammon1a9 followed

by methylatlon or ox1dation, respectivelyo

. q&rcysﬁlnew335 has also been prepared (AO) by the follow1ng method
, L
CH,0 = R R
46 HC ‘ * . 3 ! . 30 o
CHsCHpSH =~ — = CgHsCHSCHCL =
: 1, Na
#* 2. 0o
CgHsCHSCHaGHNH CORH - —‘———"—'ﬁs’ HOZCC}NHZCHQSSCHzchHZCOQH
. Liquid NHB '

The yield is 17% basedvon benzyl mercaptan,v
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The doubly labeled ngmethionine=834aﬁ,Yw013 has been prepared (37) by

#same me‘thod‘9 employing ethylene ehloridewc13 for the condensation with labeled benzyl
mercaptan. The labeled ethylene chloride was prepared in 56% yield, based on cyanide,
® [ . . -
in the following ways

" CHgT - A CH-I M
NaGN ~ =—=—=2~ CHCH I CHyCHpNHy ~——7= CH,CHoN(CH,) 4l

&gzO * - A S ® Cly =« %
—==> CHyCHN(CH3)q0H ———=  CHp=CHy ——2> cﬂzclcﬂzcl

€

»

VI,

INTRODUCTION OF IODINE13I INTO AMINb ACIDS
In addition to preparation by extraction from the thyreid glands of animals

given radicactive inorganic iodine, thyroxine has been.prepared synthetieelly with

two labeled iodine atoms (42) as follows:

I,
CHpCHNHpCOQH ———3mm
T o

The radioact*ve jodine was obtained as sodium 1od1de° By treatment of this compound

- with 1odateg free 1odine was prepared and thls was used in the synthesiso
Labeled thyrox1ne has also been prepared (43) by direct exehange between

thyroxine and radloaetlve iodide at pH 5.
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