
320 340 360 380 400 420 440 460 480 500 520 rnp 
Fig. 3.-Extinction curves (in hexane) of lycopene ob- 

tained by dehydrogenation of neurosporene : __ , before, 
and -. - .  - I  after iodine catalysis (in light). 

ture iii-ii5". T i e  specrral curve is given in Fig. 2. 
Our neurosporene preparation did not separate in the 

mixed chromatogram test from Haxo's neurosporene 
sample. 

Anal. Calcd. for CtoHso: C, 88.81; H, 11.19. Found: 
C, 89.29, 89.18; H,  10.66, 10.94. 

Conversion of Neurosporene into Lycopene.-A solution 
of 75 mg. of neurosporene in 5.6 ml. of carbon tetrachloride 
reacted with 25 mg. of N-bromosuccinimide in 1.9 ml. 
of glacial acetic acid a t  0" for 2 min. The dark red liquid 
was treated as described above and, finally, transferred into 
hexane. The combined reaction product of three similar 
experiments was developed with hexane-acetone 4: 1 on 
lime-Celite (27 X 5.8 cm.) 

50 several brown and two purple zones 
25 orange red 
1 colorless interzone \ ( 8  mg.) 

3 orange 
4 pink I 

10 orange-red: lycopene 
16 four orange zones (and interzones) ) (' mg') 

167 empty section 
Filtrate: unreacted neurosporene (100 mg.) 

The 9-mg. fraction was rechromatograplied, the main red 
zone eluted, transferred into hexane, evaporated and crys- 
tallized from chloroform-ethanol; long, quadrangular 
prisms typical for lycopene; yield 0.8 mg. \Vhen devel- 
oped with benzene-hexane 3:  2 on lime-Celite, this artifact 
did not separate from tomato lycopene. It showed the 
expected spectrum both before and after iodine catalysis 
(Fig. 3). 
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Synthesis of D-Riboflavin-2-C14 and its Metabolism by LactobacilZus caseil 

BY EDWARD E. HALEY AND J o m P .  LAImOOY 
RECEIVED FEBRUARY 3, 1954 

The synthesis of ~-riboflavin-%Cl~ with a specific activity of 3.4 pc, per mg. is described. Wdhler's method for the prepara- 
tion of urea was modified t o  increase the yield t o  79 to 84%, making it suitable for the convenient preparation of urea-C14 
~-Riboflavin-Z'-C~~ is metabolized by Lactobacillus casei to  flavin-adenine dinucleotide (FAD), flavin mononucleotide 
(FMN),  COS arid an unidentified compound. 

Isotopic labels have been useful in elucidating 
the metabolic pathways of many of the B vitamins, 
particularly thiamine and Iso- 
topically labeled D-riboflavin has not heretofore 
been prepared by chemical synthesis. Ribofla- 
vin-C14 has been produced biosynthetically by 
a strain of Ashbya g o s s y p k 8  In the work to 
be reported, D-riboflavin was synthesized with 
C14 incorporated into the 2-position of the mole- 
cule. I ts  specific activity, 3.4 pc. per mg., enables 

(1) This work was supported in part by Research Grant Number 
G 3326 C from theNational Institutes of Health, Public Health Service. 

( 2 )  M. R. Stetter and De W. Stetter, Jr., J. Bioi. Chem..  164, 85 
(19 X). 

(3) I<. 1%' Barbre arid I3. C. Johnson, Proc.  .Cot. B-cpll. Biol. Md., 
76, i 2 0  (1951). 

f41 J. hl. Iacono,  G .  Wolf and R. C. Johtison, Fedeunlioiz PYOC.,  12. 
223 (1033) 

(5) E. I,eifer, Id. J. Roth, D. S. Hogness and hI.  H. Corson, J .  Biol. 
C h e n i . ,  190, 595 (1951). 

( 6 )  P. Lin and B. C. Johnson, THIS JOURNAL, 75, 2974 (1953). 
(7)  C. Rosenblum, B. F. Chow, G. P. Condon and R .  S Vamamoto, 

(FO <>. W. E. Plaut, Fidcrotion Proc., 1.8, 254 (1953). 
J .  Biol. C h e m . ,  198, 915 (19.52). 

i t  to be useful in studies of riboflavin metabolism. 
~-Riboflavin-2-C~~ was provided as the riboflavin 
source in growing cultures of Lactobacillus casei. 
Metabolic products were extracted and identified 
by means of radioautographs of paper chromato- 
grams. 

Experimental 
Urea-C14.-Wohler's method was chosen for the prepara- 

tion of urea-C14, but was modified to  give a marked increase 
in yield. BaC1408 was converted to KC14N by the sodium 
azide method.9-Qb To a 50-1111. solution of 0.0076 g. of 
KCI4N (0.0467 pc.) and 0.075 g. of KOH was added 0.275 
g. of KOH to  increase the concentration to 6.3 millimolar. 
This solution was concentrated to  about 3 ml. by freeze- 
drying, with a loss of only 3% of the cyanide, then trans- 
ferred with 2.5 ml. of water to a 50-1111. centrifuge tube for 
the next reaction. The quantitative conversion to KC14N0 
was carried out following a modification of the method of 
Gall and Lehman.'o Carrier KCN, 0.321 g., and Cu(0H)z 
freshly prepared from 0.487 g. of CuSO4,5H20 and 0.30 g. ~- 

(9) (a) D. C. Camp, C. J. Claus. J. L. Morgenthau, Jr., P. Olynyk 
and R. W. Helmkamp, unpublished experiments; (b) A. W. Adamson, 
THIS JOURNAL, 69, 2564 (1947). 

(10) H. Gall and G .  Lebman. Bel., SIB, 670 (1828). 



of KOH were added. A solution of 0.675 g. of KMnO, in 12 
ml. of water was added gradually with mechanical stirring, 
then the reaction mixture was heated in a water-bath a t  50" 
for 5 minutes. The mixture was cooled and the excess 
KMnO4 decomposed by the dropwise addition of 1 ml. of 
3y0 H ~ O Z .  The MnOz was removed and washed thrice with 
water by centrifugation. The combined supernatant and 
washings were filtered, and 5.32 ml. of 0.085 N HoSOl 
(0.45 meq.) was added slowly with stirring to neutralize a 
portion of the KOH. The solution was concentrated in 
vacuo at  room temperature to about 3 ml. and transferred to 
a 13-ml. screw cap tube with washings to  bring the volume 
to  5.3 ml. Ammonium sulfate, 0.676 g . ,  and 2.6 ml. of 
TU"4OH (sp. gr., 0.90) were added. The tube, equipped 
with a sealed-in thermometer, was pressure sealed and heated 
in a water-bath a t  70" for 40 minutes with agitation every 
10 minutes. The mixture was cooled and transferred to a 
100-ml. round-bottom flask and the NH, removed by dis- 
tillation in vacuo a t  room temperature. The mixture was 
placed in a covered petri dish and allowed to evaporate to 
dryness slowly in vacuo over HzS04. The dry residue was 
pulverized, transferred to  a 50-ml. round-bottom flask and 
extracted 4 times with 15-ml. portions of n-butyl alcohol a t  
70°, stirring each for 30 minutes. The n-butyl alcohol ex- 
tracts were evaporated to  dryness in vacuo at  room tem- 
perature to yield 0.257 g. which gave an assay for 94% urea 
by the urease method (80% of theoretical) The total ac- 
tivity was 0.0404 w. (86% of theoretical). Following this 
procedure 0,231- 8.  of. urea- w-it.h-a specific act.ivit.y of 1-27 mc. 

Barbituric-2-C14 Acid.-Urea-C14, 0.231 g., was converted 
to barbituric-C14 acid by an adaptation of the method of 
Slimmer and Stieglitz.lz Freshly cut sodium, 0.20 g., was 
dissolved in 4.0 ml. of absolute ethanol. Two ml. of this 
solution was added to  the urea in the reaction tube. The 
urea was dissolved with heating and to  the hot solution was 
added a solution of 0.62 ml. of diethyl malonate in 1 .O ml. of 
absolute ethanol. The contents were rapidly mixed and 
the tube (1.5 X 13 cm.) was sealed and placed in an oven 
a t  108' for 7 hours. The reaction mixture was dissolved 
in 17 ml. of hot water, then acidified with 1.0 ml. of concen- 
trated HC1 and placed in the refrigerator. Two crops of 
crystals were filtered and dried, yielding 0.374 g. (82% of 
theoretical) with a specific activity of 1.38 mc. per milli- 
mole (10.8 pc. per mg. (84% of theoretical)). 

l-(&Ribitylamino) -2-p-tolylazo-4,5-dimethylbenzene .- 
3,4-Dimethylaniline13.'4 was condensed with D-ribose to 
yield 3,4-dimethylaniline-N-~-ribopyranoside,~s which on 
hydrogenation over Pd on CaC03 at  60 p.s.i. for three hours 
a t  70" yielded N-~-ribityl-3,4-dimethylaniline. This mate- 
rial was converted to l-(D-ribitylamino) -2-p-tolylazo-4,5- 
dimethylbenzene:'*- 

~-Riboflavin-2-C'~.-The 0.374 g. of barbituric-2-CI4 
acid was condensed with an equimolar quantity (1.09 8.)  of 
l-(~-rib~tylamino)-2-p-tolylazo-4,5-dimethylbenzene follow- 
ing the method of Tishler, et U Z . ' ~ J '  The crude D-riboflavin- 
2-CI4 was recrystallized from hot water to yield 0.504 g. 
(46% of theoretical) of orange crystals. The specific ac- 
tivity was 1.20 mc. per millimole (3.4 pc. per mg.; 41y0 of 
theoretical). Identity of the ~-riboflavin-2-C~~ was es- 
tablished by the usual physical properties as well as paper 
chromatography and microbiological assay using Lacto- 
bacillus casei. 

3,4-Dihydro-3-keto-4-( D-1 '-ribityl) -6,7-dimethylquinoxa- 
line-2-carboxyureide.-l -(o-Ribitylamino) -2  -phenylazo- 
4,5-dimethylben~ene'~ was catalytically reduced and the 

.,, . P a  &(2L2/L!zpermg-). wa?.Drepared-. 

(11) I n  four  preparations of urea using non-radioactive KCN, 
assays of urea were 97, 98, 95 and 97% and the yields were 79, 83, 79 
and 84%. respectively. 
(12) M. Slimmer and J. Stieglitz, A m .  Chem. J., 31, 677 (1904). 
(13) W. A. Wisansky and S. Ansbacher, Org. Synfhcses, 28,22 (1948). 
(14) W. A. Wisansky and S. Ansbacher, ibid., 28, 46 (1948). 
(15) L. Berger and J. Lee, J. Org. Chem., 11, 84 (1946). 
(16) M. Tishler, K. Pfister, R. D. Babson, K. Ladenburg and A. J, 

Fleming, THIS JOURNAL, 69, 1487 (1947). 
(17) Preparations of riboflavin in which the molar ratios of the azo 

compound and barbituric acid were varied indicated that the percent- 
age yield of riboflavin was not appreciably reduced when equimolar 
amounts of the azo compound and barbituric acid were used rather 
than an excess of barbituric acid. 

(18) This material was generously provided by Dr. Mar Tisbler, 
Muck % Co., Inc. 

resulting phenylenediamine condensed with a l l ~ x a n . ~ ~ ~ * ~  
3-Hydroxy-6,7-dimethylquinoxaline-2-carboxyureide .- 

4,5-Dimethyl-2-nitroaniline was catalytically reduced and 
the resulting phenylenediamine condensed with alloxan to  
yield a yellow solid which was recrystallized from 50% acetic 
acid; m.p. 274-275' dec. 

Anal. Calcd. for ClzHl2O8N4: C, 55.4; H, 4.7; N, 21.5. 
Found: C, 55.2; H ,  5.3; N, 21.9. 

3,4-Dihydro-3-keto-4-methyl- 6,7 - dimethylquinoxaline- 
2-carboxyureide .-3,4-Dihydro-3-keto-4-methyl-6,7-dimeth- 
ylquinoxaline-2-carboxyureide was prepared from 4,5-di- 
methyl-2-nitroaniline using the method of Kuhn.21 

Metabolism of ~-Riboflavh-2-C'4 by Lactobacillus casei.- 
Forty-day incubations were carried out in 8-ounce amber 
bottles. The basal medium was the usual one except that 
it contained twice the amount of peptone. Each bottle 
contained 50 ml. of basal medium solution and 50 ml. of 
radioactive riboflavin solution containing 182 pg. (0.619 
pc.). The bottles were inoculated with L. casei and incu- 
bated at  37". After the incubation period five bottles were 
joined in series and aerated for one hour. Carbon dioxide 
was collected in saturated Ba(0H)Z. Barium carbonate 
plates were prepared following the method of DaubenZz 
and their activities measured by a mica end-window Geiger- 
Muller counter. 

Microbiological Assay.-Solutions for microbiological 
assay of the radioactive riboflavin in the cells and medium 
were DreDared by the method of Rahn.23 The cells were 
wasli& with isotonic saline and- destroyed- by sonic oscilla- 
tion. 

Chromatograms.-The chromatograms were developed 
in the n-butyl alcohol, water, acetic acid-4:5: 1 system 
(hereafter referred to as solvent system number 1) and ex- 
amined under ultraviolet light, the fluorescent spots out- 
lined and radioautographs made on E .  K. Blue Brand X-ray 
film. Flavins in the medium and the destroyed cells were 
extracted with liquid phenol by the method of Yagi.24 

Detection of Spots.-The non-fluorescent substances were 
detected as follows. 

Oxaluric Acid26 and Lactic Acid.-Formation of the am- 
monium salts and treatment with Nessler reagent.26 

Uracil and Barbituric Acid.-Formation of the silver salts 
and treatment with 0.1 % sym-diphenylcarba~one.~~ 

Urea.-The paper was sprayed with a 0.15% ethanol 
solution of brom thymol blue. When dry it was sprayed 
with 1% urease solution. 

Alloxan.-The paper was sprayed with a 4.5% solution 
of boric acid in 5% acetic acid. When dry it was sprayed 
with a 0.2% solution of 4-methyl-l,2-diaminobenzene in 
glacial acetic acid. The alloxazine is formed immediately 
a t  room temperature. 

Results 
A representative sample of the cultures was as- 

sayed microbiologically for the riboflavin in the cell 
suspension, the medium and the cells. The results 
are given in Table I. 

During incubation 29 pg. per 100 ml. or 16% of 
the riboflavin was destroyed. It has been shown 
previously23 that riboflavin in sterile medium under 
these experimental conditions undergoes no deteri- 
oration. 

The activity found in the BaC03 samples shows 
that some of the rib0fla~in-C'~ is metabolized to 
(19) F. E. King and J. W. Clark-Lewis, J. Chem. SOC., 3379 (1981). 
(20) M. Tishler, J .  W. Wellman and K. Ladenburg, THIS JOURNAL, 

(21) R .  Kuhn and K. Reinemunde, Ber., 67, 1932 (1934). 
(22) W. G. Dauben, J. C. Reid and P. E. Yankwich. Ana l .  Chem., 19, 

(23) 0. Rahn and B. Iske, Growfh, 16, 147 (1951). 
(24) K. Yagi, J. Biochem. ( J a p a n ) ,  38, 161 (1951). 
(25) Parabanic acid was converted to oxaluric acid (A. Michael, 

J .  prakl. Chem., [2] 36, 457 (1887)) which decomposed a t  205-209° 
(H. Blitz and H. Schauder, ibid., [2] 106, 149 (1923)). 
(26) L. A. Liberman, A. Zaffaroni and E. Stotz, THIS JOURNAL, 73, 

1387 (1951). 
(27) E. J. Algeri and J. T. Walker, Am. J .  Clin. Po& 99, 37 

(1962). 

67, 2165 (1945). 

828 (1947). 



2928 EDWARD E. HALEY AND JOHN P. LAMBOOY Vol. 76 

TABLE I 
DESTRUCTION OF D-RIBOFLAVIN-2-C'4 BY L. cas3 

Recovd. 

cg per 100 ml flavin, '% 
Concn , ribo- 

Culture medium before incubation 182 . .  
Cell suspension 1 53 84 
Medium 145 80 
Cells 4.4 2 

C14& The specific activity Of t h e  Ea(11403 r.e- 
mained constant after two reprecipitations. The 
BaC1403 was decomposed in one side arm of an H- 
shaped closed vessel and the liberated C1402 passed 
by diffusion through the cross-arm packed with 
glass wool into the other side of the vessel which 
contained saturated Ra(OH)2 solution. The radio- 
activity values were corrected for self-absorption 
by the method of Yankwich, et dZ9 The specific 
activity of the BaC1403 before purification was 1.21 
c.p.m. per mg. After each reprecipitation the 
value was O.G7 c.p.m. per ing. Since 0.253 g. of 
harium carbonate was collected from the aeration 
of five culture bottles, the total activity in the har- 
lit111 carbonate of 168 c.p.rn. is equivalent to 0 0051 
pc. This indicates that  0.17y0 of the radioactive 
riboflavin was metabolized to COZ. These results 
are similar to those from experiments in which thia- 
inine-Cl4 was injected into rats. There too, O2y0 
of the administered radioactivity appeared as 
co2 

Paper chromatography of the phenol extract of 
the cells in solvent system KO. 1 produced fluores- 
cent spots with R: values of 0 04 and 0.09. These 
were the same Rf values shown by FAD and FMN 
from tissue extracts which were run simultaneously. 
The radioautographs of the chromatograms showed, 
in addition to exposed areas for FAD and FMN, 
exposed areas corresponding to an Rr value of 0 7s. 
The corresponding spots on the paper did not fluo- 
resce. Chromatography of the cell extract in the 
,jTl ?jaLHP04-isoxnyl ahohol system (hereafter 
refcrred to as system number 2 )  ag.iin showed the 
presence of FAID and FIZIN. Radioautographs gave 
cvposed areas 011 the film corresponding to FAD, 
FJ IN and the un!.nowri substance with a n  Rf value 
, i f  0 12. 

I n  the chromatography of the phenol extract of 
the culture medium in solvent system No. 1 the 
flavins were not cmnpletely separated from other 
fluorescent substances. The radioautographs of 
these chromatograms, however, showed exposed 
nrens lor FAD and riboflavin. In no case could the 
presence of F J I N  be demonstrated. Chromatog- 
raphy of the culture medium extract in solvent sys- 
tem S o .  2 did not separate FAD froni the large 
>mount of riboflavin present. 

The activities of the spots from the cell extract 
developed in solvent system No. 1 were measured 
and the results are shown in Table 11. 

The radioactive material in the phenol extract 
of the cells whose radioautographs indicated an Rf 
value of 0.78 in solvent system No. 1 and 0.12 in 
solvent system No. 2 was believed to be a metabo- 
lite resulting from the degradation of the riboflaviri- 

(28) P. E. Yankwich, T. H. Norris and 1 H i i s f m ,  Anal Chcm.. 19, 
419 (1947). 

TABLE I1 
RADIOACTIVITY OF CELL EXTRACT COMPONENTS 

Disintegrd- Di~t r ibu t ion .  
c p m tions/min % 

C14-Riboflavin std. 64.0 3820 . .  
FAD 10.7 640 87 
FMN 0.7 42 G 
Unknown 0,s 48 

C14 molecule. This substance is not urea, oxaluric 
acid, lactic acid, uracil, alloxan, barbituric acid, 
lumichrome, lumiflavin, 3,4-dihydro-X-ket0-4-(~- 
1 '-ribityl) - 6,T - dimethylquinoxaline- 2 - carboxyure- 
ide, X-hydroxy-G,7-dimethylquinoxaline-2-carboxy- 
ureide nor 3,4-dihydro-3 -heto-l-methq 1- Ci,7-di- 
niethylquinoialine-3-carboxyureide, as indicated 
by their low Rr values in solvent system KO. 
1. These values, together with those of the 
culture nedium in solvent system No. 1 and 
of the cell extract in systems No. 1 and No. 2, are as 
follows: Culture medium extract: riboflavin-Cl4, 
0.33; FAD, 0.04; cell extract: FAD, 0.04, 0.34; 
FMN, 0.09, 0.44; unknown, 0 . 3 ,  0.12. Urea, 
0.41; oxaluric acid, 0.17; lactic acid, 0.65; uracil, 
0.43; alloxan, 0.39; barbituric acid, 0.31 ; lumi- 
chrome, 0.63; lumiflavin, 0.41 ; 3,4-dihydro-3- 
keto-4-(~-1 '-ribityl) -6,7-dimethylquinoxaline-2-car- 
boxyureide, 0.40; 3-hydroxy-6,7-dimethylquinoxa- 
line-2-carboxyureide, 0.63; 3,4-dihydro-3-keto- 
~-methyl-G,7-dimethylquinoxaline-2-carboxy~~reide, 
0.68. 

It was found further that !umichrome and ?he 
two latter substituted yuinoxalines are not ex- 
tracted by the phenol extraction procedure, and 
hcnce would not have appeared in the cell extract 
had either been the metabolite. 

Discussion 
~-Riboflavin-2-C'~ provides a means by which 

the metabolism of riboflavin might be studied more 
extensively. As anticipated, Lactobacillus case; 
converts the assimilated riboflavin to flavin mono- 
nucleotide (FMN) and flavin-adenine dinucleotide 
(FAD). The relative distribution of the nucleo- 
tides found in the cells and the fact that  no free ri- 
boflavin could be detected are in agreement with 
the results reported by Bessey, et aZ.,2Y for the levels 
of FAD, FMN and free riboflavin in rat tissue. If 
free riboflavin occurs in the L. casei cell in the same 
relative amount as it is found in the mammalian 
cell, its presence in the bacterial cell extract could 
not have been detected by the methods employed in 
this experiment. 

It has been shown in studies by RahnZ3 that as the 
L. casei culture becomes older many of the cells die 
and the riboflavin content of the culture medium 
increases. It was anticipated, then, that a t  the 
end of the 40-day incubation period some of the 
riboflavin from the dead cells would have appeared 
again in the culture medium. The FAD found to 
be present in the culture medium after the cells had 
been removed must have been released by the dead 
cells during the incubation period. Apparently 
during the autolysis of the cell the FAD is not com- 
pletely hydrolyzed. 

.? 

(29) 0. A. Bcssry, 0 H I.owrv and I< 17 I ove, J. B i d .  Chcm , 180, 
755 (1949). 



Since the riboflavin-C14 molecule is labeled in but 
one position, only the degradation of the urea-con- 
taining moiety can be followed. The metabolite 
found in this experiment, although as yet unidenti- 
fied, can be characterized to some degree from the 
information obtained through the elimination of 
several ureides and the compounds resulting from 
the degradation of the ribityl group of riboflavin 
and from the cleavage of the pyrimidine ring. In  
further studies methods for obtaining larger quan- 
tities of the metabolite must be found to enable 
characterization by other means. 

An amount of radioactive riboflavin in excess of 
that required for optimal growth was added to the 
culture medium in order to prolong the growth 
period and, hence, increase the total amount of ribo- 

flavin destroyed by the bacteria. As a result 290 
pg. of riboflavin per liter was destroyed, whereas in 
experiments in which the culture medium con- 
tained 182 pg. per liter, 54 pg. per liter was destroyed 
during the same incubation period.23 
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The Action of Acid on 2,7-Anhydro-p-~-altro-heptulopyranose~ 
BY L. P. ZILL AND N. E. TOLBERT 

RECEIVED JANUARY 21, 1954 

The acid treatment of 2,7-anhydro-~-~-altro-heptulopyranose has been shown to  give rise to  two compounds other t h a i  D- 
altro-heptulose which have been tentatively identified as 2,7-anhydro-P-~-aZtro-heptulofuranose and 5-( 1,2-dihydroxyethyl)- 
2-furfuraldehyde. A method has been developed for the isolation of small amounts of these two compounds by the use of 
thick paper chromatography. An alternative method of preparing 2,7-anhydro-~-~-altro-heptulofuranose is based on the 
ion-exchange chromatography of the borate complexes of the components formed by the acid treatment of the pyranose an- 
hydride. The orcinol method has been applied to  the quantitative determination of sedoheptulosan and the limitations of 
the method discussed. The compound responsible for the orcinol reaction has been tentatively identified as 5-( 1,2-di- 
hydroxyethyl)-2-furfuraldehyde. 

Introduction 
During the experimental development of a 

method for the separation of the borate complexes 
of D-ah-heptulose (compound IV) and 2,?-anhy- 
dro-p-D-altro-heptulopyranose (compound I) by 
ion-exchange chromatography2 i t  was noted that a 
third orcinol-reacting component was formed by 
the acid treatment of I. It was further reported by 
Noggle3 that chromatography of an acid-treated 
sample of I, using phenol-water as solvent, gave 
four spots which produced positive tests with the 
orcinol-TCA (trichloroacetic acid) spray teste4s5 

The ordinary procedure for the isolation of I V  
from natural sources involves its acid conversion to 
the anhydride, I ,  which may be crystallized, a prop- 
erty not shared by the sugar The forma- 
tion of compounds other than the free sugar pro- 
vides a complicating factor and source of loss in 
such an isolation procedure. In addition, an in- 
convenience is introduced in that the acid-catalyzed 
reconversion to the free sugar takes place only to 
the extent of about 20y0 and requires an additional 
step to separate the sugar from residual I. These 

(1) Work performed under Contract Xo. W-7405-Eng-26 for the 

(2) L. P. Zill. J. X. Khym and C. M. Cheniae, THIS JOURNAL, 76, 

( 3 )  G. K. Noggle. .i?(h. Biochcnr. B iophys . ,  43, 238 (1953). 
(4) R. Klevstrand and A. Nordal, Acfn Chem. Scand. ,  4, 1320 (1950). 
( 5 )  A Bevenue and K. T. Williams. Arch. Biochcm. Biophys. ,  34, 225 

(1951). 
(6) F. B. La Forge and C.  S. Hudson, J. Biol. Chem.,  30, 61 (1917). 
(7) J. W. Pratt ,  N.  K.  Richtmyer and C .  S. Hudson, THIS JOURNAL, 

Atomic Energy Commission. 

1339 (1953). 

74, 2200 (1952). 

manipulations have been circumvented in recent 
work by the use of thick-paper Chromatography for 
the isolation of radioactive I V  extracted from 
plants.* 

In  view of these considerations and of the in- 
creasing importance of IV (and coiisequently of I) 
in biochemical studies, it  was considered highly 
desirable to conduct a study of the acid treatment 
of I. This paper represents such a study. Two 
unknown compounds have been tentatively identi- 
fied as 2,7-anhydro-/3-~-altro-heptulofuranose (11) 
and 5-( 1,2-dihydroxyethyl)-2-furfuraldehyde (VI). 
The proposed conversions which are completely 
analogous to similar reactions known to occur in 
the pentose and hexose sugars are given in the Eol- 
lowing scheme. Compounds I, I1 and VI  are 
formed under the influence of acid and heat. In 
addition, the implication of these reactions in tlic 
application and limitations of the orcinol reaction 
for the quantitative determination of I are pre- 
sented. 

Experimental and Results 
Crystaliitie I, often referred to as sedoheptuloyu, w:tS 

prepared for all experiments by the general procedure of Ida 
Forge and Hutlqo11.~~~ Absorptioii spectra were obtained 
with a model DU Beckman spectrophotometer. Colori- 
metric determinations were made with an Evelyn colorime- 
ter equipped with filters giving the wave lengths indicated 
in the procedure. Because of the ease of removal, Dowex-50 
was used instead of acid in several of the experiments. 

Ion-exchange Chromatography of the Borate Complexes 
of Products Formed During the Acid Treatment of 1.-A 
sample of I (420  mg.) in 20 ml. of distilled water containing 

(8 )  N. E. Tolbert and L. P. Zill, Plant Physiol.,  in press. 


