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ABSTRAGCT

THE SYNTHESIS OF LEUCINE AND SEVERAL BRANCHED CHAIN FATTY ACIDS
LABELED WITH GARBON 14 IN VARIOUS POSITIONS
Ho Hauptmann (¥), P.T. Adams and B.M. Tolbert

Radiation Laboratory and Department of Chemistry,
University of Californiay Berkeley (¥*)

October 2, 1950

{x) Rmbkefeller Fe;lawo While on leave from the Faculdade de Fllosoiia,
Ciencias e LetraS$ Universidade de Sﬁ% Paulo, S¥o Paulo, Brasil.,

(#*) The work descrlbed’in this paper was sponsored by the Atomic Energy
Commission,

ABSTRACT

The following compounds have been syntﬁesized 1abeléd with.clﬁ, The
y&eldss.baééd @n.CMO2 used, are indigatedrin‘parenthesess Scdium isge
haﬁYrateulaCl£ (97.5)s sodium isovaleratealac14 (96.0);5 sodium isocaproate-
C1-0th (95,5); sodiun 1socaproaten2-614 (39)3 DLnleuclneal=CLA (43.5); and
Dl-lencine-2-C1% (29,3), A novel method was developed for the preparation

of alecohcls from intermediate weight fatty acids and by this method isoamyl

hromidew1w014 was>prepared in 73% yiéld based on sodium isovaleratealac14

"\ﬁsedo
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THE SINTHESIS OF LEUCINE AND SEVERAL BRANCHED CHAIN FATTY ACI‘DS
LABELED W‘ITH CARBON 1 m VARIOUS POSITIONS =
H, Hauptmenn (¥), P.T. Adams ‘and B.U, Tolbert

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

Octobker 2, 1950

(%) Rockefei¢er Pellow, Whlie on leave from the Facviéade de Fll“SOi;a,
C:ena;as e Letras, Universidade de S3o Pauilo, SZo Paulc, Brasil.

(#%) The work described in uhls paper was sponsored by the Atomic Energy ‘
Pcmmiss1@n,

The synthésis of a number of branched chain fatty'a@ids and leucine
labeled with Cl4 in various positions was undertaken in crder to study their
metabomsmo The blOTOglnal work will be described elsewhere, In this paper
the pyeparatioﬁ'of theseicompmunds is detailed.

By’@arboﬁaticﬁ of the éerresponding alkyl rignard, three carbox§1=
laﬁeisﬁ-éeidq were prepareds ~sodium 1goba*yratem&a0i49 sodium 1b0valerabe»

190*4 and sodium ;SOLaproateaT=u_43

(1) B0

Rugdr + Clbo, - 3 RCH4O_Na
C e (2) H [ . .

(3) NaOH

Sodium isacaproaﬁéw;lacl4 was prepared from 1g©valpr¢v a@1d=$au44 via
the aleohol, broﬁidé and nitrile)ﬁy a method that involved a novel épprqach .
to the problem of preparing pure alcohols and hali&es in gocd yields on a
small'saaléo . | |

cPtyl bromlde
3 (cnj) QGHQCHQC%?C

(cH, ) ,CH,CH,C 40, a 13833

2800
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H2 3 : R PBI’B N M
(CH3)20H20H20 HQOH-————-———ﬁy (CHB)ZCHZCHzc HzBr

copper chromlte

(1) XcN Y

é;;?;;:——e>(CH )QCHzcazc H,C0, N
The cetyl ester was prepared in hlgh yields. (3'95%) by the direct reaction of
sodium salt of the ae1d and the cetyl bromide, Thls product enuld then be
treduced over copper eh;omite to give a mixture of the»two:alggholso The large
differences in the boiiinglpeint of'these two compounds made possible the-eaey
isolation of the 1oW=boiling component in;excellent yields in a relatively
pure state,

The conver51on of the 1soamy1 hromlae ‘to the 1°ocapr01c ac1dbwae first
attempted by formatlon of the Grlgnard of ‘the halldeg fo;lowed by carbonation
a+:= 25°C ‘ The yleldss however, were very Jow (about 40%) S0 the method v1a
the nltrlle whlch gave ylelds of 55 65p was used.

By bromlnatlon and amination of the corresponding labeled 1socapr01c
acid, DL=leuc1ne=l=ClA=apd DL=leu01ne=2=014<were.prepareds

: o Co R b, : - ‘ 1 | /  .
(CH3)2052(CH2)2902H-————————e>(CHB)ZCHZCHZCHBrQOZH_

NH3 (liqo )

-> (QH3)2CHZCHZCHNH2002H

The radio purity of the amino acids was established by two-dimensional

paper chromatography (l)~using a butanolepropionic acid-water mixture in one

(1) A.A. Benson, et.al., J.Am.Chem.Soc. 72, 1710 (1950)
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direction and phnzolcwatﬁr in the other. Radioautagraphsvaf the paper
chromatogram showed only one radicactive spot and When the paperiitself‘.
wag s?rayed with niﬁhydrin'bnly'ene amino acid spot was cbserved. The
 identity @f,the;a@ids was cheeked‘by equivalent weight.determiﬁatiogé,
vand their radie purity established by one-dimensicnal paper ch?omato=
grams in water-amnonia-propanol solutions,
The authors wish %o tnank Prof, M. Calvin and Prof, R T, Arne¢d for
their heip and,en@ouragement in this work.

Experimental Procedurse

The three carboxylelsbeled acids were prepared in the same manner using
the same moial quant t es of reagemtso Thirty mJAIIMOlES of "the correse
ponding alkyl magres;um br0m¢de in 20=50 mi. ether was added by means of a

syrings to & conical reaction flask equipped with a stirrer (2) and con=

{2) B.M. Tolbert, W.G, Deuben and J.C. Reid, AnaLChem.,g 2:;9 1034 (1949)

nected to a vacuam line (3) TheAQIAGQ was generatedlfrbm 20 mmcles of

(3} M Caiv1r9 etonlos "Isotcplu Carbon" John'Wiley and Sons, Inc, New York
(1949), po 142, 179, . - L,

BQCL£@Q.(309A Z2.) and dried by passing-the gas through a Dry Ice=conled
spiral trap. This was then added in vacue to the Grignard solution at’
=209 with stifringo After one-half tc one hour, the‘@arbmnation assembly -
WaS tranﬁf@rred‘t@'ath@ds opened, and an excess of 6 ﬁisﬁlfﬁfie acid and
encugh ﬁilverigulfate addad to pre@ipitaterail the free brémide iqps,(é’v

20-30% excess was used), The flask was then fitted with a dibtlllatlon head,_
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condenser and eﬁeam inlet and ths product steam distilled., After titration
to pH 9=10 the solution was evaporated to dryness, taken up in a small
volume of water (3 5 ml, )3 filtered and dried in a tared vessel
Sodium isobutyrate=l=014s Specific Activity, 1.72 p,c/mg° 97 5% Jleld
Sodium ieovalerateml=0143 Specific Activity, 3.35 uc/mg° 96 % y1eld
Sodium isocaproate=l%014° Specific Activity, 1.70 ue/mg. 95.5% yleld

Isoamyl Bromidealnc14 == Sodium 1sovalerateal=014 (2,10 gos 16 .9 mmoles,

7. 09 me, total activity) was added to an ignition tube contalnlng 5. AO go
cetyl bromlde (17.7 mmoles)., The tube was sealed end heated with shaking

at 280°C for eleven hours, A high pressure hydrogenation bomb (4) was used

(4) Micro bomb. American Instrument Co., Silver Springs, Marylando

for this etep but no preesure was placed in the bomb, After reaction the
ignitionltube'eontents were dissolved in ether and filtered. An ether-in-
soluble;vwater=soluble residue containing.0.0s'mc,.was left‘on_the filter .
paper, The filtfate was washed into a 200 ml., hydrogenation boﬁﬁ and |
warmed to AO=50°Q to evaporate moet of the ether. Then, 5.5 g;fof:copper

chromite as catalyst (5) was added and the bomb closed, éttached ﬁd a vacuum

(5) See H Adklns in "Organic Synthesis, Vol° II*, John Wlley and ‘Sons, Incos
New York (1943), p. 1440 ' S

and pumped one and one-half hours,
_The bomb was pressured to 2550 p.s.i. with hydrogen and heated at 250°C
with shaking for ten hours., The hydrogen was'releésed'phrough a spiral trap

equipped with a sintered disk (6) and cooled with liquid dir., Thé bomb was
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(6) BoM. Telbert, gteale, J.0rg.Chem., 14; 527 (1949)

then pumped overnight while warmed at 80-857C,
The slcohol thus obtained was converted o the bromide using phosphorus
tribromide (6) and purified by washing with water and drying over phosphgrus

pentoxide, Yield.1.88 g., or 73% based on the isovalerate used,

Isccaproic Acid=2=Ct%, -= The iscamy: bromide (1.88 g., 12.4 mmolés)
was distilled into a vessel containing 1.65 g; potassium ﬁyanidé (25“mmol¢s)
and €.2 go?pgtassium iodide in 25 ml, of ethenol, This reaction mixture waé
reflﬁxed 42 hours, at which time 4% was cooled and 4 g. silver sulfate and
30 mi, weter added, A distillation head and condenser was attachéd and the
labeled mitrile slowly distilled out,

To the distillate 15 g. of potassium hydroxide was added and the solu-

t

tie

=

: was refluxed for 24 hours., The mixture was acidified with 50 ml. of
10 N sulfuric acid and the acid stesm distilled, to give 0,949 g. of sodium
@apr‘oa‘te=»2z='”:3““““ﬁr with é specific activity of 2.90 + 0.1 uc/ng. (calculated

3.0L % C.1 ue/mg.). Tield 55% based on iscamyl bromide used. .

7 . -
bl o . '3 3 ., o a o - I -3 o
&eucl@gvszl“;-ww {a) Bromination of 1&06&DT©&C-&G1d@2=G“A$ Sodium iso-=

saproate=2-0+4 (0,508 g., Sp. 8¢t 2,90 we/Mge; Lo4S meo) was. placed in-a
Pyrex tubs which was connected to.a s?iral trap (see Figure l)o The salﬁ 
and equipment was then dried by pumping a vacuum of about 10 mierons on

the system for an hour. The systemiwas then disc@nnected frém the vaéuum
line and the trap'imméfsed_in.avﬁogling bath at -209C, _Dry.HCl was then

passed slowly over the sodium isocaproate which was heated. The isocaproic
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acid thus formed was condensed in the spiral trap, At the completion of
this reaction the trap was reconnected té:the #acuum‘ligegggnq‘the othei =
end of the trap was connected to a bromination vessell(Figure 1). The
trap and the vessel were cooled with liquid air;. evacuated and.thertqpfb
cock connecting them to the vacuum line closed. ‘Then the frqplacid Wﬁsxg';
distilled ihto.the bromination vessel by heating the trap to 90_-=_95°°

lnactive iSbcaproic acid, generated in the same.mannér from 0.375 g.
sodium isobéprpéte and 0.2 ml, phosphorus tribromide was-added; After
standing ovérnight 0,04 g, red phésphorus and 0,02 g. iodine were added
and the céndenser fitted with a protecting Drierite tube connected to
the vessel, Dry Ice was added to the condenser and the bromination flask
heated on a steam bath for 30 minutes during which 2,3 ml, bromiﬁe was
added dropwise,

The bromination flask was then cooled in liquid air and the conden~
ser warmédbwith hot'watefo After everything had distilled inﬁo the;> |
bromination flask, 5 ml;vof water was added to the vessel and the mixture
slowly warmed to room temperature. Five more ml, watervﬁere added and
the vessel was air swept for four hours t6 remove bromine, The peruct
was then extracted with methylene chloride and the resulting SOIution
pressure filtered;‘this was repeated several times to give a ﬁotal_vqlume

of solution of ‘about 25 ml,

N

(b): Amination of the a=Bromoisocaproic acid=2-C14: - The clean methyl-
ene chloride solution was transferred to an ignition tube and evaporated
to dryness on‘thewsteam bathy the last traces of solvent were removed by

use of the water pump at room temperature. Then 10 ml. of liquid NHB-weré

3



©

=10=

UCRL=935

Gondensed.in the tube,.the‘tube sealed and left at room temperature for
40 hours, The tube was then qhilled, opened, and the excess NﬁB'evapé=
rated off, | |

The residue was dissolved in 6 N hydrochloric acid and evéporated to
dryness, The residue was dissolved in 95% ethanol, filtered aﬁdbethyim
éne oxide passed through the solution for 20 minutes. The precipitate
WES recrystalliZed ﬁhree timés from water, using a decolorizing charcoal
the first two times, . |

The yieid was 308.6 mg. Anal, Caled for CgHyN0ms N, 10,693 -Sp._a«st;,
1.76 # 0,1 pc/mg. Founds N, 10,55, 10,535 sp. ach. 1.85 * 0.1 uc/mg.
From the mother liquers an adaitional 121.4 mg. was obtained; sp. act.
1;8 m@/ﬁg, Toial yield 52% based on isocaproic acid or 20.3% based on
barium carbonate used.

DLeLeucine§;?614, -= By the procedure just described sodium iso-

caproate-1=C4 (1,93 gos 1.?01: 0,1 pc/mg) was converted to DL-leucine-1-C14
(790 mg., Sp. act., l.71 * 0.1 uc/mg. The yield was 42% based on iso=
caproate used or 40% based ongstarting harium carbonate., r

| | . SUMMARY

The fcllbwing compoundé have been synthesigzed labelea with ClAO The
yields, baéed on 01402 uséd, are indicated in paienthesess S@dium/iSQ-

butyrate=1-C* (97.5); sodium isovalerate-l=GLé (96.0); sodium isocaproate=

1_014.(9505)5 sodium isocaproate=2uclA (39)3 DL-leucine-1-CY% (43.5) and

DL-leucine-2-G4 (29.3), A nével.method wa$ developed for the preparaticn
of alcohols from intermediate weight fatiy acids and by this method isoamyl

bromide-l=C4 was prepared in 73% yield based on sodium isovalerate-1-C14 used.,
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