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ABSTRACT 

Samples of D-glucose and starch were labeled by tnhum-atom bombardment 
Up to 51% mcorporatron mto D-glucose as non-labrle tntmm was achreved for 
crystalhne, anhydrous D-glucose and 41% for the amylose-butyl alcohol complex 
Distribution of trrtrum m the carbon skeleton of D-glucose was calculated by com- 
parmg the specific molar actrvlty of D-glucose with that of Its denvatives. Denvatrves 
prepared were D-glucomc acrd, D-arabmo-hexulose phenylosotnazole, Pformyl- 
2-phenyltnazole, 2-phenyltnazole-4-carboxyhc acrd, D-arabmo-hexulose phenyl- 
flavazole, 3-formyl-1-phenylflavazole, and formaldehyde drmedone The tntmm 
distnbutron showed defirute structural effects Generally, the products from t?lms of 
D-glucose and the amylose-butyl alcohol complex had nearly uniform drstnbutron of 
tntmm m D-glucose The product from crystallme a-n-glucose monohydrate had zero 
tntmm at C-2 and twice the expected amount of tntmm at C-5, and that from starch 
granules had zero or near zero tntmm at C-3 and close to twice the expected amount 

of tntmm at C-2 

INTRODUCTION 

Carbohydrates can be labeled by tntmm-atom bombardment’ D-Glucose 
having 2 6-6 0 @/mg was obtained with 3 6-7 3% of tntmm m D-glucose when 
200-mg samples of D-glucose were exposed for 30 mm The drstnbutron of tntmm m 
the carbon skeleton of D-glucose is reported here The distnbutlon was more random 
than that reported for labehng’ by the Wrlzbach method or for tntmm-atom recoil3 
In Wilzbach labelmg, up to 95% of the tntmm was at C-3 Some of the parameters 
affectmg drstnbutron and yreld upon bombardment by tntmm atoms are exammed 

*Contnbuaon Nos 143 and 662 work supported JOmtiy by Kansas Agricultural Expenment Station 
and U S Atonuc Energy Comnussion 
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EXPERIMENTAL 

Labebng ofcarbohydrates - Samples of D-glucose or starch (200-300 mg) were 
Iabeled m a hgh-vacuum apparatus’ where tntmm gas at an nutlal pressure of 1 mtorr 
was thermally atomized by a tungsten filament Reactlon times were approximately 
2 mm Fmely dlvlded, crystallme samples of D-glucose, starch granules, or retrograded 
amylose were deposited m the reactlon vessel by evaporation of their suspensions m 
acetone under vacuum Films of D-glucose were prepared by evaporation from water 
and films of starch from dimethyl sulfoxlde Drymg of films was alded by heatmg on a 
steam cone for one h under vacuum 

Amylose-butyl alcohol complex - An 8 % sol&on of commercial shghtly 
O-(2-hydroxyethyl)ated amylose (Stem-Hall Superlose) m dlmethyl sulfoxlde was 
prepared by dlssolvmg the material ovemlght It was diluted to 1% of amyIose and 
excess butyl alcohol was added The preclpltate was collected by centnfugatlon and 
redissolved m water at 1% concentration It was repreclpltated with the cntlcal 
amount of butyle alcohol and the preclpltate was dehydrated by dlsperslon m butyl 
alcohol Deposlhon m the reaction vessel was achieved by evaporation of the alcohol 
A sample was also prepared that was dehydrated several times by acetone before 
labehng Retrograded amylose was prepared by lyophlhzmg an aqueous soiutlon of 
amylose Thus sample and the acetone-washed butyl alcohol complex were deposlted 
m the reaction vessel by evaporatron from an acetone suspension 

Pr@icatron of labeled carbo4ydrate.s - After labelmg, the samples were first 
washed 5 times m the dry state with toluene, dunng a 48-h penod After the washmg 
treatment, D-glucose sampIes were dissolved m water and Iyophlhzed Dlstlllates were 
collected and counted for labile tntmm Starch films and granules were dissolved m 
4 ml of dlmethyl sulfoxlde, diluted with water to about 1% starch, and preclpltated 
with 2 volumes of ethanol Starches were completely hydrolyzed by usmg 4 mg of 
glucoamylase (Miles Laboratones) Fmal punfication of D-glucose was accomphshed 
on a cellulose column4 by elutmg with water-saturated butyl alcohol 

Measzrrement of actrtrty - Solutions (200 ~1) of D-glucose were plpeted mto 
the counting vial that contamed 20 ml of countmg solution (3 5 g PPO m 700 ml of 
toluene and 300 ml of ethanol) ’ A 20% countmg efficiency was obtained when 
measured m a Beckman LS-200B scmtlllatlon counter D-Glucose and Its denvatlves 
were soluble m the countmg solution up to 800 jig, the maxlmum concentration used 
D-arabino-Hexulose flavazole and the flavazole-aldehyde were counted at 400 jig, 
with readmgs multrphed by 2 38 and 3 57, respectrvely, to correct for color quenchmg 
The correctlon factors were determmed by countmg vanous amounts of the non- 
radIoactive denvatlves m the presence of tntmm-labeled D-ghCOSe 

Determinatron of trrtlron drstrzbution - Tntmm dlstnbufion was determmed for 
samples of D-glucose (1) collected from the cellulose cohunn, and was calculated by 
comparing the spectic molar actlvlty of D-glucose with a senes of Its denvatlves rn 
whch one or more carbon-bound hydrogen atoms had been drsplaced selectively 
Generally, 200-300 mg of D-glucose (undiluted with carrier) was sufficient to prepare 
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a set of denvatlves Percentages of tntmm at C-l, 2, 3, and 6 were determmed as 
described by Simon’ (except that penodate oludation was used as recommended by 
Hudson6) D-arabmo-Hexulose phenylosotrmzole (3) was first prepared Penodate 
oxIdatlon of 3 yielded 4-formyl-2-phenyltnazole (4) Permanganate oxldatlon7 of 4 
yielded 2-phenyltnazole-Pcarboxyhc acid (5) Formaldehyde dimedone (8) was 
prepared from the formaldehyde produced durmg penodate oxldatlon Tntmm at 
C-4 and 5 was calculated from the activity of D-arabmo-hexuiose phenylflavazole8”*b 
(6) Tn 6 all hydrogen atoms are displaced from C-l, 2, and 3 Penodate oxldatlong of 
6 ylelded crystalhne 3-formyl-I-phenylflavazole (7) In 7 the hydrogen at C-4 IS 
retained, and the percent of tntmm at C-4 was obtained from the specific molar 
activity of 7 

1-Phenylflavazole-3-carboxyhc acid (9) was also prepared as a control It should 
be totally inactive because all ongmal hydrogen atoms are displaced The expenmental 
procedures were slmllar to those for prepanng 4, except that the permanganate was 
made alkaline with sodium hydroxide The sodium salt of the product was msoluble 
m cold water but was sparmgly soluble m hot water After oxldatlon with per- 
manganate, the product was filtered off and the precipitate extracted with hot water 
After acldlficatlon of the extract with acetic acid, the denvative was obtained as a 
yellow precipitate (yield 70%, m p 251-252”, R,, 407, 336, 265, 247 nm) The 
flavazole derivative 9 contained < 1% of the trrtmm ongmally m D-glucose 

The tntmm at C-l was aIso determmed by the reactlon of D-glucose oxldase as 
follows To about 3 mg of tntmm-labeled D-glucose dissolved m 3 ml of water there 
was added 5 umts of D-glucose oxldase (Schwartz/Mann) Oxygen was bubbled m for a 
period of 10 h Paper chromatography m 2 1 1 butyl alcohoLethanol-water showed 
no traces of D-glucose remaining and 100% conversion to D-gluconate (2) After 
complete oxldatlon, the sample was lyophlhzed twice to remove labile tntmm pro- 
duced from C-l The sample was redissolved In water, made up to the ongmal volume, 
and recounted As the number of moles of carbohydrate and volume are unchanged 
m the reactlon, the percent of tntlum at C-l can be calculated from the following 
equation 

drsmtegrakons mm -I ml-’ of D-glucose soln -dIsmtegratlons mm - ‘ml of gluconate soln 

dlsmtegratlons mm - ’ ml- 1 of glucose soln 
x 100 = % tritmm on C-l 

The remainder of the calculations were accomplished by a comparison of the specific 
molar acbvlties of the selected derlvatlves, as follows 

C-l = 5 or 1-2 
c-2 = l-3 

C-3 = 4-5 or 4-(1-2) 

c-4 = 7 

C-5 = 6-7-8 or 3-4-7-8 
C-6 = 8 
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The values obtamed here, when expressed as percentages of specific molar actlvlty of 
D-glucose, are percentages of t&urn on the carbon atoms mdlcated 

RESULTS AND DISCUSSION 

Purzfcatzon of ~-glucose - An example of the purficatlon of D-glucose that 
was achieved on the cellulose column IS shown m Fig 1 The lower sample of D- 

glucose shown m Fig 1 was derived from Iabeled starch and the upper was D-glucose 
that had been labeled directly Pure D-glucose was obtamed m each case The maJor 
contammant was a fast-runnmg peak that was probably ldentlcal to that extracted 
with toluene The D-glucose from starch had an addltlonal slo&-runnmg component 

9 
4 

-35 

I! 
- 25 

FRACTION NUMBER 

Fig 1 Punficatxon of D-ghcose, after extraction by toluene and removal of labde tntmm, on a 
cellulose column (1 5 x 90 cm) The sample was eluted with water-saturatea butyl alcohol at room 
temperature, and S-ml fractions were collected A, Radloactnnty, 0, carbohydrate Upper graph 
tntiated ~-glucose (235 mg, 148 ~0, recovery of carbohydrate ~100% and of radloactlvlty --95% 
Lower graph D-glucose from tntlated waxy-maize starch (93 2 mg, 16 2 &I, recovery of carbo- 

hydrate ~100% and of radloactlvity ~-80% Specdic activity of recovered D-glucose, 0 055 pCl/mg, 

after Grst crystalhzation, 0 052 &l/m& and after second crystalllzatlon, 0 053 pCi/mg 
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that was retamed on the column wrth butyl alcohol but was eluted wrth water 
Repeated crystalhzatrons of the D-glucose from 95% p-dtoxane drd not lower Its 
spectic acttvtty (Frg 1, lower) The reactron of D-glucose oxtdase was used aIso as a 
test of punty D-Glucose oxrdase converted the entire sample mto D-&conic acrd and 
rts lactone No actrvrty was found on the paper chromatogram m the area correspond- 
ing to D-glucose after the D-glUCOSi2 oxtdase reactron D-Ghrcose oxrdase reacts only 
to a mmor degree with other hexosesl’ Thus one can conclude that eprmenzatron IS 
not a srgnmcant reactron dunng tntratton Isomenzatton of D- and L&rearm actds 
has been observed upon Wrlzbach labehng l1 The amount of actlvrty m srde-reactron 
products from several samples IS shown m Table I As thoroughIy dned toluene was 
not used and the samples were extracted m the dry state, the toluene extract probably 
contamed much of the labile tntmm However, the side-reaction products also 
contamed labile trrtmm l2 Hence a rrgorous separation of the two quantrttes hsted m 
columns 1 and 2 was not attempted The percent yield vaned considerably, being a 
maxrmum for the anhydrous, crystalhne samples Water molecules react preferenttally, 
and thus Iower yields are to be expected rf traces of water are present Possibly the 
lower yrelds obtained for the amorphous films are due to mcomplete removal of 
water One factor Judged to influence the results 1s that of ttme of exposure to 
bombardment The shorter exposure trme of 2 mm m thrs study US 30 mm m an 
earher study’ may be a factor rn the better yields obtamed here The labeling reactrons 
occur at the surface, and longer exposures could be accompanied by consecuttve 
reactrons of H atoms or photolysrs to produce a greater fraction of stde-reactton 
products 

TABLE I 
TRITIUhf INCORPORATION IN D-GLUCOSE 

D-Glucose sample Actrvlty m mCr (andpercentage of trrtmm mcorporated) 

Toluene 
ertract 

Zmpuruy 
separated by 
cellulose column 

Purified 
D-glrIcose 

1 Amorphous film 1 73 (87) 0113 (56) 0095(48) 0 052 (2 6) 
2 Amorphous film 0 907 (448) 0 590 (31) 0 168 (9 0) 0 227 (12) 
3 Crystalhue, monohydraW 0 29.5 (16) 0 955 (55) 0 150 (9 0) 0 340 (20) 
4 Crystalhne, monohydrateb 1 25 (54) 0 136 (60) 0 111 (5 0) 0 794 (35) 
5 Crystalhne’ 1 09 (75) 0 0045 (0 5) 0 050 (3 6) 0 295 (21) 
6 Crystalhne, anhydro& 0 454 (36) 0022 (20) 0138(11) 0 685 (51) 

“Glucose solution was evaporated m the reactlon vessel with a rotary vacuum-dner at room tempera- 
ture Crystallme a-n-glucose monohydrate IS formed on the wall during evaporation bRecrystalhzed 
a-~-glucose monohydrate was mUed to a fine powder before deposmon m the reaction Vt%el 
CCommerclal crystalhne anhydrous a-~-glucose dAnhydrous KY-~-glucose was obtamed by crysttil- 
zahon m an oven at 65” It was rolled to a fine powder and coated mslde the reactlon vessel The 
reactlon vessel was Immersed m a water bath at 65” and evacuated for 4 h at a pressure less than 
0 004 torr before tntlatlon 
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Dzstrzbutzon of trztzzm zn D-&CO%? - Dlstnbutlons of trihum m the carbon 
skeleton of several D-glucose samples Iabeled directly are given m Table II The 
dlstnbutlon m the samples from D-ghCOSe films IS nearly umform (14 2% for C-l-5 
and 28 4% for C-6) and differs from that for the samples from crystaIhne a-D-gIucose 
monohydrate The most slgmficant difference IS the lack of actlvlty at C-2 and Hugh 
actlvlty at C-5 m crystals The samples from anhydrous a-D-glucose showed a small 
amount of activity at C-2 and shghtly lower amounts at C-5 Reasonably good checks 
were obtained between duplicate samples, despite wide varlatlons m yield (see 
TabIe I) 

TABLE II 

DISTFUBUTlON OF TRITIUM IN D-GLUCOSE 

D-Glucose sample” Specrfic Percentage of non-labrle trttnd’ 
actwrty 

oIC+w~ C-I C-2 c-3 c-4 C-S C-6 Total 

1 Film 
2 F&n 
3 Crystalline Hz0 
4 Crystalhne Hz0 
5 Crystalhne 
6 Crystalhne 

Crystallme 
D-ghCOSec 

D-Glucosed 

022 14,15 13 13,12 11 16,16 33 100 
048 20,18 16 8,lO 8 17,18 29 98 5 
1 15 20,lS 0 8,lO 9 26,29 34 98 5 
2 29 22,20 0 13,15 11 25,25 29 100 
0 89 19,20 I 13,12 14 26,29 24 98 5 
146 -,17 5 -,17 17 20,21 23 100 

0 003 3 6 29 14 0 48 100 
- 21 0 89 07 06 64 98 8 

ODetads of preparatton are hsted m Table I bCarbons 1, 3, and 5 are calculated two ways (Ex- 
penmental) The average IS used for the total CTrltmm recall-labeled D-&COSe, Rowland et al 3 
‘D-Glucose labeled by the Wdzbach method, Stmon et al z 

The lack of actlvlty at C-2 of samples 3 and 4 1s highly slgndicant and 1s 
probably not due to sterlc effects, even though the labelmg reacttons occur prlmardy 
at the surface This conclusion is based upon the followmg expenmental results The 
two samples of D-glucose monohydrate dlffered m that m the first case the D-glucose 
was allowed to crystalhze on the wall of the reactlon vessel, whereas, m the second, the 
sample was deposited as a crystaIhne powder In the latter, all possible surfaces of the 
crystals should have been exposed, but a umform dlstnbutlon was not obtained Both 
samples have no actlvlty at C-2 Rather than stenc effects, It IS more hkely that the 
lack of actlvlty at C-2 is related m some manner to the crystal structure These effects 
would not be present m the amorphous films Also there 1s the posslbdlty that the 
posltlon of the water of crystaIIlzatIon’3 between O-2 and O-6 distorts bond angles 
and enerBes leadmg to zero actlvlty at C-2 and increased actlvlty at C-5 

Dlstnbutlons of trltmm m D-glucose from several samples of starch are listed 
m Table 111 As with D-glucose crystals, dlstributlon of tntmm was non-umform 
Twice the expected actlvlty at C-2 and zero actlvlty at C-3 was observed for samples of 
starch granules (sample 7) The effect was decreased somewhat m the amorphous fiIm 
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sample, but was not ehmmated entirely Possrbly the complete lack of actrvrty at C-3 
IS related to the water of crystalhzation m starch granules, smnlar to that found for 
D-glucose monohydrate The amylose-butyl aIcoho1 crystals (sample 9) on the other 
hand gave a drstnbutron that was more nearly umform Whereas m amylose-butyl 
alcohol crystals, 1 molecule of water of crystalhzatron14 between O-2 and O-5 IS 
retained, It 1s easriy removed by drymg If the same reasomng IS apphed here as with 
o-glucose crystals, one would conchrde that there IS very httle distortion of bond 
angles and energies m amylose-butyl alcohol crystals In acetone-washed crystals 
(sample 10) one would expect replacement of butyl alcohol molecules by acetone or 
water’ 5 Considerable strain should develop, and indeed this IS evrdent m the ahered 
pattern of distnbution 

TABLE III 

DISTRIBlJTION OF TRITIUM IN D-GLUCOSE OBTAINED FROM TRITIATED STARCH 

Starch samp Ie Specific 
actslty 

Or Cllmgl 
and yrefd 

Percentage of non-Iabzle trrtrrrm’ 

C-I C-2 C-3 C-4 C-5 C-6 Total 

7 

8 

9 

10 

11 
12 

Waxy maize starch 
granule 0 45 (<IO)’ 9,11 29 0,O 16 14,X 31 1005 
Gelatmued waxy 
mazze starch 0 27 (3 6)= 12,ll 22 3,4 14 16,16 33 100 
Amylose-butyl 
alcohol complex 0 92 (41)C 8,s 13 16,16 13 19,20 30 99 5 
Amylose-butyl 
alcohol compIexb 1 82 (28)= 11,lO 9 24,25 4 32,36 15 970 
Retrograded amylose 0 10 (1 5)= -,lO 34 -,2 13 10,s 33 101 
Potato starch granuIe 

amyiopectm 0 09 (2 4)C -,I0 18 -,3 16 IO,13 39 97 5 
amylose 0 07 (0 7)= -,10 25 -,3 15 13,lO 38 102 5 

“Carbons 1, 3, and 5 are calculated two ways (ExperImental) The average IS used for the total 
*Amylos+butyl alcohol complex was washed with acetone (Expenmental) =Values m parentheses are 
percent of total actlrnty found m pursed D-glucose 

Method for deternzznzzzg dzstrzbutzon of trztzunz - The flavazole denvative 
appears not to have been used for determining tntmm distnbution It offers some 
advantages when combmed wrth the osotnazole denvauve Tntmm at C-4 can be 
determmed m two steps Penodate oxrdatron proceeds smoothIy and IS practrcally 
quantltatrve The msoluble aldehyde derrvatrve that results IS IugbIy crystalhne and IS 
easrly obtamed pure wrthout recrystalhzatron The primary step of fIavazoIe for- 
matron, although not quantrtatrve, proceeds m good yreld with D-glucose and the 
product was obtained pure after two recrystalhzatrons For macro work, paper 
chromatography could be used, although it was not essentral m our case The color 
quenchmg that was observed durmg scmt.rlIatron countmg for both the flavazole and 
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the flavazole-aldehyde could be a IImItation if low actlvltles were encountered The 
rehablhty of the flavazole procedure IS shown m Table IV, where the sums of tntmm 
percentages at C-l, C-2, and C-3 are compared with these values from the osotnazole 
method 

TABLE IV 

A COMPARISON OF THE SUMS OF PERCENTAGES OF c-1, c-2, AND C-3 OF D-GLUCOSE DERIVED FROM 

THE FLAVAZOLE AND OSOTRIAZOLE DERIVATIVES 

Sample0 Dematmesb 

FlaLazole 

(l-6) 

Osotnazo Ie 
(l-3+4) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

40 40 
45 44 
31 28 
35 35 
36 33 
41 39 
39 38 
37 37 
38 37 
49 44 
44 46 
35 32 
34 37 

“Details of samples are Wed 111 Tables I and III ‘See ExperlmentaI 

The D-glucose oxldase method for C-l offers the advantage of slmphclty, only 
two measurements are reqmred The sample weight can be merely estimated, as only 
the dlsmtegratlons mm- ’ before and after oxldatlon are Involved m the calculation 
Unhke the rest of the procedure wrth Isolated denvatlves, care must be taken to ensure 
that the reactlon goes to completion 

The overall scheme also allows for conslderable cross checkmg The sum of 
percent tntmm at C-l, C-2, and C-3 IS avallable m two ways, and the values for the 
mdlvldual carbon atoms C-l, C-3, and C-5 can be calculated m two ways In addition, 
the sum of percent trltmm for all carbons must total 100% (Table II) This type of 
cross checkmg ensures rehablhty 

Trztnrm labehg - Some factors contrlbutmg to good yields, such as crystal- 
bmty and low molsrure, have been shown to be Important by this research The 
maximum yield of 51% that was observed for crystalhne anhydrous D-glucose and 
41% for the amylose-butyl alcohol complex should be noted In previous commum- 
cations It has been observed that damage to the sample IS negh@ble These propertles 
of high yield and low damage suggest possible apphcatron of tntmm-atom bom- 
bardment as a means of labehng sensitive blologcal compounds 
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