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Chem:j..cal. D0gradation of Isotopic Succinic anc Malic Acids 

by 

A. A. Benson and J. A. Bassham 

From the Radiation Laboratory and De.rartment 
of Chemistry, University of C8lifornia, 

- Berkeley, California* · 

25 May 1948 

Abstract 

A chemical degradation·of isotopic succinic acid using the Curtius 

re&c-tion has been adapted for small quanitites of material and accurately 

gives the distribution of cl4 in the methylene groups and c3rboxyl groups. 

The methylene groups, isolated as ethylenediamine dihydrochloride are obtain-

ed entirely free f'rom other rndioactivity. 

An oxidation of isotopic malic acid is also reported and is capable 

of separating the alpha, beta and the carboxyl carbon atoms. This method 

is also applicable to the degradation of isotopic a5partic acid. 

------------------------------------------~-------~-·~---~-----------
* This paper is based on work performed under contract No~ i·Y-7 405-Eng-48 

with the Atomic Energy Commission in connection with the Radiat.wn Labora
tory, University of California, Berkeley, California, 

For publication in the Journal cf the American Chemical Society. 

----~------------------------ ----~-------------~------
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Chemical Degradation: of Isotopic Succinic and Malic Acids 

by 

A. A. Benson and J~ A. Bassham 

From the Radiation Laboratory and DeFartment 
of Chemistry, University of California, 

Berkeley, California* 

The path of carbon in photosynthesis (1) may be traced by determina-

tion of the positions of labeled carbon atoms in the .intermediates involved, 

Enzymatic degradation of succinic and malic acids have been reported (2) 

but require pure enzyme preparations, Chemical degradations of these inter-

mediates which are unequivoca.l and capable of detecting small fractions 

of isotopic carbon are reported in this note. Succinic and malic acids 

containing cl4 were isola.ted from pf-ant extracts using silica gel par·ti

tion chromatography (3) and cocrystallized with suitable amounts of carrier 

acids, 

--~---------------------- ---------------------------------------------
(1) M~ Calvin and A. A. Benson, Science !Q5, 648 (1947); 1Q1, 476 (1948) 

(2) H. G. Wood, G, H. Werkman, A. Hemingway and A, o. Nier, J, Biol·. Chern,, 
13.2, 7890 (1940) 

(3) F. A. Isherwood, Biochem. J, ,' .4.Q, 688 (1946) 

* This paper is based on work performod under contract No. V·:~7405-Eng~48 
with the Atomic Energy Commission in connection with the Radiation 
Laboratory, University of California, Berkeley, California. 

~--~--·~---------------
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The Curtins (4) degradation of succinic acid has been modified to 

give good yields on small amounts. Ivlethyl succinate prepared using diazo

rr,ethane, is converted to the diazide through t~e dihydrazide. (4, 5). 

Ree.rrang&ment of the diazide in ethanol gives ethylenediurethane which V'.ras 

hydrolyzed to give carbon dioxide from the Cql'boxyl groups and ethylene dia-

mine from the methylene groups of the original succinic acid. 

Curti us 
H02C ·CH2-CH2-co2H -----·-----·------) C2H

5
-co ... NH .. CH2-cH2-NH-CO-C2H

5 
· 

reaction 

48% HBr 

reflux 
,. 

"'ith this method it is rossible to determine accurately as little as ope 

micromicroc1u·ie of cl4 per milligram of succinic acid in the methylene groups 

in the rresunce of any amount of· carboxyl act.t-vity. 

Malic acid has been oxidized with chromtc acid to yield two mole-

cules of carbon dioxide from the carboxyl groups and one molecu~e of acetic 

acid from the alpha and beta·carbon atom. The same procedure has been 

used to determ~ne radioactive carbon fixed in the alrha and beta carbon 

atoms of aspartic acid. DE:gracl.ation of the acehc acid may then be per-

formed by decarboxylation ( 6). 

----------....,..----~--~-~-·---....-----.-...,...--...,...----

(4) T. Curtius, J, prakt, chem., r l 1_2..: _2, 222 (1895) 

( 5) Sh8ft;r and Schwan, J. prakt. chem., 121 - . ' 
.21, 190 (1895) 

(6) s. A. Aronoff, V. A. Haas and B. A. Fries, To be published. 

---·...,----·--------·--· -- ----------~----~-~·~-------
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Exptrimental 

Ethy1enediurethane. --Vtith a tracer amount of unequally cl4 labeled, 

succinic acid synthesized in the dark by preilluminated Chtorella was 

crystallized 300 mg. of succinic acid, The 280 mg. yield of crystallins 

acid 1r~as converted to methyl succinate in the usual manner with diazomethane 

and distiUecl quantitatively into a conical reaction flask. The hydrazide 

prepared from the ester in 90% yield, was convertt:>d to the diurethane using 

the methods. of Sh5fa and Schwan ( 5) and Curtius (4). The product was 
\ 

recrystallized from v;;atf-r and sublimed in .:!@.££2 to give a yield of 145 mg. 

(30~b). The specific activity of a thin (lf3SS than 0,2 mg/cm2) sample was 

accurat.:;;ly ( ± 2%) determined v:i th a Geiger counter. 

Hydrolysis of Ethylenediurethane .. --In a 30 m1. two-nE,ck flask equipped 

vrith a reflux condenser and nitrogen inlet tube was refluxed a solution of 

100 mg. o~ ethylene diurethane in 5 ml. of 48% hydrobromic acid for two 

hours. i\. slav" stream of nitrogen gas during this pvriod carried the evolved 

carbon dioxide through the condenser into a sodium hydroxide bubbler from 

Vihich it was quantitatively recovered as barium c,;rbonate (100% yield), 

The E::thy1cnediamli:ne was obtained upon ~V3pora ti<:m of excess acid in_y~.£E:Q 

and adding E:::xcess methanolic potassium hydroxide. After removal of the 

rr.ethanol, ethylenediaminEJ viaS distilh;d in V,!;!_~ and, converted to the dihy

drochloric:o by aC.dition of rhethanolic hydrogen chloride. After rec:rystalli-

7ation fror.1 methanol-watE::r, th8 specific activity of the purl~ ethylenediamine 

Clihydroch1oride was dE,termined. 

Oxidation of malic Acid,--To u solution of 100 mg. of cl4 labeled 

malic acid in 10 ml. of 1.0 N sulfuric acid :Ln a 100 ml~ flask e(!fuipped 
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with nitrogE.:n inlet bubbler, reflux condenser and droppi.ng funnel was 

added 20 mL. of 0.15 M chromic acid solution during 2 hours on the steam 

bath. 

The Co2 evolved v,;as collected in a sodium hydroxide trap and preci

pi tate::d V'Ti th burium chloride to give 294 mg. (100%) of barium c.::,rbohate. 

b.cetic 5Cid was obtained from. the residual solution upon steam d~stilldiorl; 

It V'as converted to barium acetate (80% yield) and its specific activity 

¥as determined after recrystallization from water • 
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