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The r a diochemical puri ty of D-glucose-6-t and D-gluci tol-5-t was established by oxidation 
of t he labeled co mpounds and d etermination of t he radioact ivity of t he p rodu cts. The 
res ults sh ow t hat, in each instance, t he t ri t ium is presen t solely in t he posit ion cited . 

1. Introduction and Discussion 

Carbohydrates posi t ion-h1beled with tritium 
have proved useful [or s tudying r eaction mechanisms 
and for investigating complex biological problems. 

I In order to in terpret tb e results of s tudies conducted 
with t ri tium-labeled carbohydrates, i t is essen tinl 
that the position of th e tri tium label be accurately 
lmown, and that the carbohydrate be labeled ex
clusively in the position cited . 

As h as previously been demonstrated, D-glucose-l-t, 
prepar ed by reduction of D-glucono-1,5-laetone either 

I with sodium amalgam in tri tia ted water or with 
lithium borohydride-t in pyridine solution, is labeled 

, exclusively at C- 1 [1).2 In the present study, it has 
been shown that th e D-glu cose-6-t and D-gluci tol-5-t 
distributed und er the N BS labeled-sugar project [2] 
are labcled exclusively at C- 6 and C- 5, respectively. 

'I'he compounds in question were synthesized by 
reduction of suitable substances with lithium boro
hydride-t [3]. D-Glucose-6-t was obtained hy hy
drolysis of 1,2-0 -isopropylidene-D-glucose-6-t pre
pared by r eduction of 1,2-0-isopropylidene-D-glu
curono-6,3-lactone [4]. D-Glucitol-5-t was prepared 
by reduction of L-sol'bose, and was separated by 
crystallization as the D-glucitol- pyridine complex [5J. 

It seemed possible t hat, in the redu ction of the 
carbonyl group with lit hium borohych'ide-t, enoliza
tion migh t occur between the carbonyl group and the 
adj acen t group, leading to unsaturation and sub-

I sequent introduction of tritium at a position other 
than the desired one. This study was undertaken to 
determine whether each of the materials \vas labeled 
only in the position cited. 

I n order to prove the position of t ri tium, the 
I labeled sugar was so oxidized as to r emove all of thp 

hydrogen or tritium at one position or more in the 
carbon chain, and the molar ac tivity of the dCl'iva
tive was compared with that of the original com- . 

I pound . 
'I'hus, in the analysis of D-glucose-6-t, a sample of 

the sugar was oxidized wi th dilu te nitric acid to po
tassium hydrogen D-glucarate [6, 7] . 'I'his compound 
contains no hydrogen or tri tium attached to C- 1 or 
C- 6. R adioassay of t he purified potassium hydro
gen D-glucarate showed that it contained no tri tium. 

1 Part of a proj cct on the production of radioactivc carboh ydrates sponsored by 
the Division of Rcsearch of tbe Atomic Energy Commission . 

' Figures in brackets indicate the li terature references at the end of this paper. 

Consequently, all of the tritium in D-glu cose-6-t is at 
C- 1 or C- 6. 

N ext, a sample of the D-glu cose-6-t was oxidized 
':,i th iodine by the Kline-Acree method [8] to po tas
Sl~.ll:n D-gluconate-6-t, which ~ontain s no hydrogen or 
tn tnun a t ti1Ched to C- 1. rhe po tassium D-glll co
na te-6-t was pmified by recrys tallization to constant 
activity, and was found to have Lile same molar ac
tivity as the D-glucose-6-t . Sin ce all of t be tri t
ium in D-glu cose-6-t must be at C- 1 or C- 6 and 
there is no t ritium at C- l , all of the tl'i tiu;n in 
D-glucosc-6-t must be at C- 6. 

In the de termination of the position of the label in 
D-glu citol-5-t, a bacterial oxida tion with Acetobacter 
su boxydans was conducted. A. su boxydans attack 
only those compounds con tai.ning the 

H H H 
HO- C- C- C- R 

H HO OH 

group in the D-configuration , oxidizing the penulLi
mate group to a carbonyl group [9]. In the oxidation 
of D-gluci tol , the llydrogen (or tri tium) a tom at C- 5 
the site of oxidation , is removed , to yield L-sorbos~ 
[10 ,. 11] . When D-glucitol-5-t was oxidized, the 1'0-

sultmg L-sOl'bose contained no r adioactivi ty; hence 
there could have been no tri t ium at positions oth er 
than C- 5 in the D-gluci tol-5-t. 

R adioactivity assays were made wi th a 271' , win
dowless, gas-flow, proportional counter. M aterials 
of very low activity were counted in films of sodium 
O-(carboxymetbyl)cellulose (CM C) on 2-in . planch
ets [1 2, 13]. M ateri als of higher activity were 
counted in solutions of formamide [14]. T able 1 
gives a summary of the resul ts. 

T ARLE 1. Analysis of D- glucose-6-t and D-glucitol-5-t 

Positions of 
Compound analyzed non·labile Rnd io· 

h ydrogen or act ivity 
tritium a 

D-Gl ucose-6-L_______________________ 1,2,3,4,5,6· __ _ 

1 polassiwn hydrogen D·glu· 2,3,4,5 . ..... . 
carate. 

PotasSium D·gluconate·6·t......... 2,3,4,5,6* . .•. 
D.GIucltol-5.t... . ....... ..... . .. .... 1,2,3,4,5*,6 . . 

L·Sorbose •• _.. . . .............. .... 1,3,4,5,6 . . . _. 

1nc/mmole 
1.10 

0. 0 

1.10 
0. 075 

. 0 

• The asteriSk indicates the tritiurn·bearulg carbon atom. 

Percent or 
original 
radio

activity 

100 

o 
100 
100 

o 

29 



2 . Experimental Procedures 

2 .1. Preparation of Derivatives of D-Glucose-6-t 

a. Potassium Hydrogen D-Glucarate 

A 5.669-mg sample of D-glucose-6-t (0.031 mmole, 
1.10 mc/mmole) was combined with 101.9 mg (0.56 
mmole) of nonradioactive D-glucose in a 50-ml 
porcelain casserole. Thirty milliliters of 1-M nitric 
acid was added, and the solution was concentrated 
to dryness on a steam bath. The residue was 
dissolved in distilled water, and the solution was 
transferred to a 100-ml standard-tapered flask, 
neutralized with 5-percent potassium carbonate 
solutio'} to the phenolphthalein end-point, re
acidified with glacial acetic acid, and concentrated 
under reduced pressure to a sirup. After the sirup 
had been transferred to a test tube with glacial acetic 
acid, potassium hydrogen D-glucarate crystallized. 
After about two hours, the mother liquor was 
removed from the potassium salt with a capillary 
pipet, and the solid was washed once with water. 
It was then recrystallized by dissolving it in the 
minimal amount of hot water, adding decolorizing 
carbon, and filtering through infusorial earth and 
dec.olorizing carbon. The yield after one recrystalli
zatIOn was 43 mg (29 percent). After three recrys
tallizations, the potassium hydrogen D-glucarate was 
radioassayed by counting in films of CMC. Both 
the sample and the background planchets (5 each) 
were counted to a total of 20,000 counts: they gave 
the same average number of counts per second. 

h. Potassium D-Gluconate-6-t 

A 36.7-mg sample of D-glucose-6-t (0.204 mmole, 
1.10 mc/mmole) was placed in a 50-ml flask and 
dissolved in 1 ml of water. An excess of iodine, 
4.79 ml of O.0511-M solution (0.245 mmole), was 
added, followed by 6.16 ml of 0.0993-M sodium 
hydroxide (0.612 mmole), added drop wise while the 
contents of the flask were mixed. The solution was 
allowed to stand for about 10 min and was then 
passed through a column containing 5 ml of cation
exchange resin ~Amberlite IR-120). To the effluent 
was added 0.5 mmole of freshly prepared silver 
carbonate, and the mixture was stirred until all 
iodide had been converted to silver iodide. The 
solid was removed by filtration, and the filtrate, 
which gave a negative test for iodide ion, was passed 
through 7 ml of cation-exchange resin. The effluen t 
was concentrated under reduced pressure and then 
neutralized to the phenolphthalein end-point with 
dilute potassium hydroxide. The solution of potas
sium D-gluconate-6-t was filtered into a standard
tapered test tube, concentrated, and brought to 
crystallization by dropwise addition of methanol. 
After 1 day, 37 mg (77 percent) of potassium D-
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gluconate-6-t had separated. R adioassays of the 
compound in formamide solution after two and 
three recrystallizations gave activities of 1.10 and 
1.09 mc/mmole, respectively. 

2 .2 . Preparation of Derivative of D-Glucitol-S-t 

a. L-Sorbose 

A 181-mg sample of D-glucitol-5-t (1.0 mmole 
0.075 mc/mmole) was oxidized to L-sorbose with 
A. suboxydans, according to the procedure previously 
described for the oxidation of D-mannitol to D- I 

fructose [15]. The broth and inoculum were pre
pared as before, but with D-glucitol (instead of D- I 

mannitol) as the substrate. The agar slants used 
for maintenance of the culture were prepared from 
10-ml aliquots of an aqueous suspension containing 
by weight, 1.5 percent of agar, 1 percent of yeast 
extract, 0.3 percent of D-glucose, and 1 percent of I 

calcium carbonate. 
The L-sorbose, produced in a yield of 89 percent, I 

was purified by several recrystallizations from 
methanol- 2-propanol, and was assayed in films of 
CMCj it contained no radioactivity. 
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