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ABSTRACT 

THE SYNTHESIS OF LEUCINE Al-J1l SEVERAL BRANCHED CHAIN FATTY ACIDS 

LABELED WITH CARBON 14 IN VARIOUS POSITIONS 

H. Hauptmann (*) 9 PoT. Adams and B.M. Tolbert 

Radiation Laboratory-and Department of Chemist:ry, 
University of California, Berkeley (**) 

Qtctobe:r 2, 1950 

/ 

Rockefeller Fellow. While on-leave from the Faculdade de Filosofia~ 
Ctene:ias e Let.ras, Universidade de S1fo Pauloj) S~o PauloJ) Brasil. . 

(**) The work described in this paper was sponsored by the Atomic Energy 
Comm:lii'isiono 

ABSTRACT 

The following compounds have been synthesized label.ed with. c14. The 

yields 9 ba~ed onc14o2 used.ll are indicated in parentheses~ Sodium iso

tr,xtj;-rate-1=C14 (97 .5h sodium isovalerate~l-c14 (96.0) J sodium isocaproate

l~cl4 (95.5)3 sodium isocaproate~2-c14 (39); DL-leucine-l=Cl4 (43.5); and 

D.L=leuoine=2~c14 (29 • .3). A novel method was developed for the preparation 

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

b:romide~l~cl4 was prepared in 73% yield based on sodium isovalerate-l...Cl4 

used. 
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THE .SYNTHESIS OF LEUCINE AND SEVERAL BRANCHED CHAIN FATTY ACIDS 

LABELED WITH CARBON 14 IN VARIOUS POSITIONS 

H. Hauptmann ( * L PoT. Adams and B .Jill. Tolbert 

Radiation 'Laboratory arid Department of Chemistr·y" 
University of Ca.liforni.a 9 Berkeley ( **) 

October 2 8 1950. 

,_ 
Rockefeller Fellow. While ion leave from the Faculdade de Fi1oso1'1aJ> 
C:i'em;,ias ·e Letras 9 Un:lversidade de Sao Pau.lo 9 Slro Paul.o 9 BrasiL 

( **) The WOI'k described in this paper was sponsored by the Atomic Energy 
Cc·mmissio:n ... 

The synthesis of a number of branehed chain fat,ty ac:ids and leucine 

labeled with c14 in various posi t.ions was undertaken in ord-er to stu.dy their 

metabolism. l:he biological work will be desc:dbed elsewhere •. In this paper 

the preparation of these .compm:mds is detailed. 

By carbonation of the corresponding alkyl Grignard9 three carboxyl= 
. . 

labeled a·~:ids were preparedg sodium isobut.yra·te~l...c14~. sodium isov-alerate

l=Cl4 and sodium isocaproate=l=C1:4g 

(1) H .. O 
cl4o

2 
2 14 ' RMgBr + ~ RC O"~Na · 

(?) H+ ,._ 
,_u 

(J) NaOH 

S'odimn isocaproate~2=C14 was prepared from isovalerie acid=l ... c14 via 

the alcohol~ bromide and nitrile by a method that involved a novel approach .· 

to the problem of preparing pure alcohols and halides in good yields on a 

small 'scaleo 
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(1) KCN . . . l4 
_ __.;........;....;.....,>~ (CH

3
)
2

CH
2

CH.-C H2co
2

Na 
(2) OH~ -~ 

The cetyl ester was prepared in high yields. (., 95%) by the direct reaction Of 

sodium salt of the acid and the cetyl bromidee This product could then be 

reduced over copper chromite ·to give a mixture of the two al~gholso The large 

differences in the boiling point of these two compounds made possible the easy 

isolation of the low~boiling component inexcellent yields in a relatively 
' ,r,\'.' '• 

pure stateo 

The conversion of the isoamyl bromide to the isocaproic acid was first 

attempted by formation of the Grignard of the halide 9 followed bycarbonation 

at,= 25°Co The yields, how~verJ> were very. low (about 4C!fo) so the method via 

the nitrile which gave y:i elds of 55e,65% was used o 

By bromination and amination of the corresponding labe.led isocaproic 

acid, DL=leucine~l-C14and DL-leucine=2=C14were preparedg 

/, 

The radio purity of the amino acids was es:tablished by two=dimensional 

paper chromatography (l)·using a butanol=propionic acid=water mixture in one 



0 

direet:ion and phenol~,water in the othero Radioautographs of the paper . . ' . 

chromatcgr"am showed only onE! radioa~tive spot and when the paper .. itself. 

was sprayed with ninlrydrin only one amino acid spot was observedo The 

identity of. the. acids was checked by equivalent weight determinations, 

and thair ·radio ,pu:ri ty established by one=dimensicnal pe9,per chroma to~ 

grams in w~ ter=amrnon:ia=propanol . so.lu:tions o 

The authors wish to thank Profo Mo Calvin and Profo RoTo Arnold for 

their' help and encouragement in this worko 

'rhe three c:arboxyl.;.,labeled a.1-;:ids were prepared in the same manner using 

1~he same :molal quantities of reagents o Thir·ty millimoles of· the corres-

ponding alkyl magnesium bromide i.n 20=50 ml. ether wa.s added by means of a 

sy:r:wg:a to a eonical reaction flask ,equipped with a stirrer (2) and con-. 
o:-::~=.ao:::::l"~-~.,.--=· --~-.-.._..,...,.,.,~.-._~..:---==-. . 

nec:ted 'to a va©uam line, (3) o Tbe C:U"O_, was generated from 20 mmoles of ,_ 

(3) MoCalvi:ny $.!;oalo 9 v'Isotopic Carbon11
9 John Wiley and Sons; Inco New York 

U949L, Po J.429 l79o . 

Baclil·o3 · (3 o94 go) and dried by passing· the gas through a Dry Ice.=cooled 

:spiral trapc This was then added in. ~Q ·to the Grignard sol.ution at 

After one=half to one hour!' the ~a:rbonation assembly 

was transferred to 'a hood!' opened:1 and an excess of 6 J~I sulfuric acid and 

·• enough rsilver ~ulfate added to prep:i.pi tate all the free '!Jromide ions. (a 

20"'.30% exc,ass was USFJd)o The flask was then fitted with a distillation head, 
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condenser and steam inlet and the 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), filtered and dried in a tared vessel.,. 

.Sodium isobutyrateQl=Cl4g' Specific Activity, 1.72 ~c/mgo 97.5% yieldo 

Sodium isovalerate=l=c14g Specific Activity, 3.35 ~c/mg. 96.0% yieldo 

Sodium isocaproate=l~Cl4g Specific Activity, L 70 ~c/mg. 95.5% yield. 

Tsoam:y:l Bromide~l=Cl4. ==Sodium isovalerate=l=Cl4 (2.10 g., 16.9 mmoles, 

7.09 me. total activity) was added to an ignition tube containing 5.40 g. 

cetyl br.omide (17. 7 mmoles). The tube was sealed and heated with shaking 

at 280°0 for eleven hours. A high pressure hydrogenation bomb (4) was used 

(4) Micro bomb~ American Instrument Co.!> Silver Springs, Maryland. 

for this step but no pressure was placed in the bomb. After reaction the 

ignition tube contents were dissolved in ether and filtered. An ether=in= 

soluble, water=soluble residue containing 0.05 me. was left on the filter 

paper. The filtrate was washed into a 200 mL hydrogenation bomb and 

warmed to 40-50°0 to evaporate most of the ether. Then9 5.5 g. of copper 

chromite as catalyst (5) was added and the. bomb closed, attached td a vacuum 

(5) See H. Adkins in "Organic Synthesis, VoL II 11
.11 John Wiley and Sons, Inc., 

Nevi York .(1943), Po 144. 

and pumped one and one=half hours. 

·The bomb was pressured to 2550 p.s.io with hydrogen and heated at 250°0 

with shaking for t-en: hours. The hydrogen was released ~hrough a spiral trap 

equipped with a sintered disk (6) and cooled with liquid a:ir. The bomb was 

,, 
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then pv.:mped overnight while warmed at 80=85',)c o 

The a.l©ohol thus obtained was .converted to the bromide using phosphorus 

tri'bn,mide (6) and purified by washing with water and drylng over phosphorus 

pentoxideo Yield L,88 g .. , or 73% based, on 'the isovalerate usedo 

J~.QQ~l'2~.~~2~c2:_4., ~- The isoamyl bromide (lo88 g .. !) 12 .. 4 mmoles) 

Wi!l.S dist:Uled i:nto a vessel containing lo65 g., pot.;s.ssium eyap.ide (25 mmoles) 

and Co2 go potassium iodide in 25 mL of ethe.noL This reaction mixt'qre was 

:ref'l'u.xed 42 hcn.1rs$. at which time it was cooled and 4 go silver sulfate and 

30 mlo w~te:r'· addedo A distillation. head and 1;:!ondenser was attached and the 

JLabelsq :n.itr:Ue slmdy distilled outo 

T·o the dist:Hlate 15 g~ of potassium hydroxide was added and the solu-

t:h:m. was refluxed for 24 hours.. The mixture was acidified with 50 mlo of 

10 Jl sulfuric acid and the acid steam distilled.., to give Oo949 go of sodium 

c;;aproate·,2='D'.Il4 with a specific activity of 2 0 90 ! 0 ol ~,c/mg 0 (calculated 

3 0'11 ·.y 0· "ji .,;/mg ·) . o ... v.cl!... {,;,_·_-, )o.& ~,t...;. o o Yield 55% based on i.soamyl bromide used.,, 

eaproate=2=Cl4 (0~508 go, spo acto 2o9G !J:.C~/mgo.9 l.,M3 me.,} was. placed in a 

Pyrex tubs which was connected to. a spiral trap (see. Figure l) o The salt 

and equipment WB.$3 then dried by pumping a vaeu.um of about 10 microns on 

o the system f~ir an hour., The system was then disconnected from the vac:aum 

line a:o.d the trap immersed in a ,~,;oqling bath at ~20'\JIC.. Dry. HCl was then 
" 

passed slowly ov-er the sodium iso0aproate which was heat.edo. 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 to the vacuum·line, and the other 
••• :, . ' . . • • .. ·. ,l. ' 

end of the trap was connected to a bromination vesseL (Figure 1). The 

trap and the v.essel were cooled with liquid air, evacuated and the stop-, 

cock connecting them to the vacuum line closed. Then the fre,e acid was .. 

distilled into the bromination vessel by heating the trap to 90~95°o 

Inactive isocaproic acid, generated in the same manner from 0.375 go 

sodium isocaproate and 0.2 mL phosphorus tribromide was added., After 

standing overnight 0.04 g., red phosphorus and 0.02 g. iodine were added 

and the condenser 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. bromine was 

added dropwise. 

The bromination flask was then cooled in liquid air and the conden= 

ser warmed with hot water., After everything had distilled into the 

bromination flask, 5 ml., of water was added to the vessel and the mixture 

slowly warmed to room temperature., Five more ml., water were a dded and 

the vessel WIS air swept for four hours to remove bromine. The product 

was then extracted with methylene chloride and the resulting solution 

pressure filtered; this was repeated several times to give a total volume 

of solution of about 25 ml., 

..(b} Amination of the a-Bromoisocaproic acid.;.2=Cl4g The clean methyl= 

ene chloride solution was transferred to an ignition tube and evaporated 

to dcyness on the steam bath; the last traces of solvent were removed by 

use of the water pump at room temperature., . Then 10 ml., of liquid NH3 were 

,, 
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condensed in the tube, .the tube sealed and left at room temperature for 

40 hourso The tube was then chilled, opened, and the excess NH3 evapo= 

rated of'f., 

The residue was dissolved in 6 ! hydrochloric acid and evaporated to 

dryness., The residue was dissolved in 95% ethanol.ll filtered and ethyl-

ene oxide passed through the solution for 20 minutes., The precipitate 

wss recrystallized three times from water, using a decolorizing charcoal 

the first two times., 

The yield was )08.,6 mg., ~" Calcd for G6H13N02g N9 10.,693 sp., act.,, 

1 .. 76! 0.,1 p.c/mg., Found~ N, 10.,55, 10.,53~ sp., act., 1..85! 0.,1 ~c/mg., 

From the mother liquors an additional 121.,4 mg., was obtained~ sp., act., 

1.,8 ~~/mg., Total yield 52% based on isocaproic acid or 20.,J% based on 

barium ©arbonate used., 

DL=~~~Jne-J-c.14., -- By the procedure just described sodilrm iso~ 

capro~'lte .. l-c14 (1.,93 g., 1.,70 . .! 0.1 j.l.c/mg) was converted to DL-1eucine=1-c14 

(790 mg.,, sp., act.,, 1.,?1.! 0.,1 tJ.c/mg., The yield was 42% based on iso-

caproate used or 40% based on starting barium carbonate., 

SUMMARY 

The following compounds have been synthesized labeled with c14., The 

yields, based on c14o2 used, are indicated in parentheses& Sodium iso

butyrate=l=Cl4 (97.5); sodium isovalerate~l-c14 (96o0)? sodium isocaproate

l-G14 ·(95o5)9 sodium isocaproate~2-c14 (39); DL=leucine=l=014 (4Jo5) and 

DL-leucine=2.=C14 {29.3). A novel method was developed for ~he p~eparation 

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

"'4 14 bromide=l=G·i was prepared in 73% yield based on sodium isovalerate~1~G used., 
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