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SYNTHESIS OF 2-DEOXY-D-GLUCOSE 2.6,6'-3H] 
WITH HIGH SPECIFIC ACTIVITY 
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Suimnar : A new t r i t i a t i o n  method was used t o  obtain 2-deoxy-D-glucose 
nT8-3H1 star t i ng  from a mixture o f  protected bro o deoxy glucose 
derivatives. Intermediates were characterized by IH- and 9 H-NHR. 
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INTRODUCTION 

PDeoxy-D-glucose (dG) i s  taken up i n t o  c e l l s  by the  same transport  
system as D-glucose ( 1.2) and phosphorylated t o  Pdeoxy-D-g1ucose-6-phos- 
phate (dG-6-P) by hexokinase (L3.4). Hexokinase i s  not i nh ib i t ed  by dG-6-P 

( 3 ) .  Thus. a t  t h i s  level,  there i s  no control  o f  dG i n f l u x  i n t o  the  hexose- 
6-phosphate pool o f  ce l l s .  Since dG-6-P i s  not fu r ther  metabolized (1.4) 
and c e l l  membrane permeabil i ty i s  low f o r  dG-6-P. t h i s  compound accumulates 
i n  ce l l s .  Therefore, the  r a t e  o f  i t s  i n t r a c e l l u l a r  accumulation may be used 
as an index o f  glucose u t i l i z a t i o n  i n  t issues (12). 

This property o f  dG-6-P has been used f o r  example i n  studies o f  hexose 
transport  across c e l l  lnembranes (5.6). b ra in  mtabo l ism (7.8). var ia t ions  o f  
c e l l  permeabil i ty (9) and a l te ra t i on  o f  funct ion o f  the cerebral c a p i l l a r i e s  
during ischemia (10.11). 

The f i r s t  studies used Pdeoxy-D-glucose labe l led  w i th  14C (dG-14C) 

(7). The use of dG14C f o r  the  reso lu t ion  o f  autoradiograms al lows the  
explorat ion o f  la rger  b ra in  areas bu t  i s  not su i tab le  f o r  the  determination 
o f  d i s t i n c t  cerebral a c t i v i t i e s  o f  g l ia .  o f  neurone c e l l  bodies and neuro- 
phi  1 rami f i c a t i  ons. 
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SHARP (13) used t r i t i a t e d  deoxyglucose f o r  the f i r s t  time. The resolu- 
t i o n  o f  autoradiograms i s  higher due t o  the low penetrat ion o f  rad ia t ion  
emitted by tritium. Thus, an autoradiographic resolut ion on the c e l l u l a r  
l eve l  can be achieved w i th  dG3H o f  spec i f i c  a c t i v i t y  30 Ci /mole  (1480 GBq/ 
m o l e )  (14). 

I n  order t o  obtain a higher detection s e n s i t i v i t y  o f  dG-3H by autora- 
diography, we synthesized dG-3H w i th  a high spec i f i c  a c t i v i t y  (50 Ci/mo?e; 
1.85 TBq/mno?e). 

METHODS 

T r i t i a t i o n  o f  1 and 2 
.c - 

T r i t i o l y s i s  (15) o f  a 40/60 mixture o f  methyl 1-0-( l-methylethyl)-3,4- 
di-0-acetyl-2-deoxy-Pbromo-B-D-glucopyranosi de 2 and methyl 1-O( l-methyl- 

ethyl  )-3,4-di-0-acetyl-2-deox~2-bro~-a-D-mannopyranoside 1 gives a 4/2/1 
mixture o f  three compounds 2, 4 and 2: 

P 

- 
- - 

3 : me thy 1 1-0- ( 1-methy 1 e thy 1 1 - 3,4-di -0-a cety 1 - Pdeoxy a- 0-g 1 ucopyrano- 
siduronate C2-3Hl. 

- 4: methyl 1-04 1-methylethyl 1-3.4-di -0-acetyl-Pdeoxy PO-gl ucopyrano- 
siduronate E2-jHI. 

- 5: methyl 1-0-(l-methylethyl)-4-O-acetyl-2,3-dideoxy a-(ou B) D-gluco- 
pyranosiduronate C2,3-3Hl. 

= 

- 
- 

Compound 5 ce r ta ln l y  resu l t s  from a C2 = C3 double bond formation a f t e r  
t r i t i u m  reduction i n  the described experimental conditions. 

Compounds 3. is and 5 were determined by lH-NMR and mass spectrometry. 

However, Cla and C1p stereoisemers o f  2 and 4 could not be separated by 
these methods. 

- -  - 
- - 

Determlnation o f  formulas and 4 - - 
1) Compound - 4 shows only one signal i n  3H-NMR (6 = 2.06 ppm i n  DMSO) 

wi th  corresponds t o  an equatorial t r i t i u m  atom i n  pos i t ion  2, Tzeq (16). 

lH-NMR o f  4 wi th  homodecoupling o f  residual H2eq protons leads t o  the  

coupling constants H1-Teq (10 Hz) and Hl-Hza ( 2  Hz), which correspond res- 
pect ively (17) t o  a Hla-Hza and Hla-Hzeq coupling. Thus, compound t has an 
a x i a l  proton i n  posi t ion 1 (schemk 1). 

- 
- 

- 
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Synthesis of 2 - deoxy - D, glucose 
[2, 6,6L3H] 

c H 3 c o o c ~ 3 ~ ~ ~ +  C H 3 C O O p  COOCH3 FH3 

OCH(CH3)2 OCH 

H' 

CH3COO CH3COO I 
OCH(CHd2 CH3 

3 = 

KB3Hq tBuOH / Me OH I 
CH;OH 

H O W  - HCL 

HO 
H' OCH(CHd2 

5 = 

H O c w  HO OH 

H' 

6 = 
7 
P 
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2) Compound 2 shows two uncoupled signals i n  3H-NMR, which correspond 
t o  two possible couples o f  ax ia l  and equator ia l  isotopomers i n  pos i t i on  
2:(A+B) o r  (C+D). 

COOCH3 H' COOCH3 

A c O H  AcO + A c O s  AcO 

A OCH (CH,), 8 OCH(CH3I2  

COOCH, H' COOCH3 

A c o ~ c H ~ H 3 ) 2  ACO S O C H  (CH3I2 

AcO AcO 
H '  

C D 
Isotopomer D corresponds t o  compound 4. As compounds 3 and - 4 are sepa- 

ra ted  by chromatography and have d i f f e r e n t  l H -  and 3H-NMR Tpectrz, compound 

- 3 corresponds t o  couple (A+B) having a HI equator ia l  proton (18). 

- = 

- 
Reduction and deprotection o f  1 or  - 4 - -  

Potassium b o r o t r i t i d e  reduction o f  1 or  2 gives 1-0-( 1-methylethyl 1-2- 
deoxy-a-D-glucopyranoside [2.6,6'-3H1 - 6-which deprotection w i th  HC1 (19) 
leads t o  Fdeoxy-D-glucose C2,6,6'3Hl - 7, - 

EXPERIMENTAL SECTION 

Radioactive compounds were characterized by HPLC, lH -  and 3H-NMR and 
mass spectrometry. The NMR spectra were obtained using a Bruker AC 300 

spectrometer (200 MHz f o r  l H ,  318 MHz f o r  3H). The mass spectra were 
obtained w i th  a Finnigan CH7A spectrometer equipped w i th  an I N C O S  2000 
calculator. 

1. Met hy 1 1-0- ( 1-me t hy 1 e t hy 1 1 - 3.4-d i - 0-ace t y  1 -2-deoxy- a- D-g 1 ucopyrano- 
s i  duronate C 2-3Hl - 3, methyl 1-0- ( 1-met hy 1 e thy1 ) -3.4-di -0-acety l-Pdeoxy- p-0- 
glucopyranosiduronate C2-3Hl 2 and methyl 1-0-(l-methylethy1)-4-0-acetyl- 
2,3-dideoxy-a( ou pI-D-91 ucopyranosiduronate C2, - 5. - 

80 mg o f  a 40/60 mixture o f  2 and 2 i n  2 m l  methanol and 20 p l  d ie thy l -  
amine were reduced w i th  25 C i  tFitium-gas using 80 mg o f  10% Pd/C f o r  15 
minutes. A f te r  f i l t r a t i o n  o f  the catalyst, e l im ina t ion  o f  l a b i l e  t r i t i u m  
atoms and solvent removal i n  vacuo. the residue was dissolved i n  60 m l  
d ie thy l  ether. 
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3 
4 

5 

- - 
- - 
- - 

This ethereal so lu t ion  was washed successively w i th  3 x 5 m l  water. 
The aqueous extracts contained about 370 di. The ether phase contained 
3.2 C i  which were p u r i f i e d  by high performance l i q u i d  chromatography 

(reversed phase C18 column: 0 21 mu; h = 25 cm; solvent: Ipethanol/water: 
50/50). 

Three main products were obtained and analysed by TLC (see tab le  1). 

HPLC TLC** Radioact iv i ty Radi ochemi ca l  
a* R f  (Ci 1 p u r i t y  

5.24 0.58 1.44 3 992 
3.56 0.46 0.42 > 992 
4.12 0.40 0.77 3 992 

HPLC and TLC o f  2, 2 and 5 - - 

*a = Se lec t i v i t y  o f  the separation. 
** = S i l i c a  gel - Chloroform/methanol: 99/1. 

Compound Q ( a  = 3.56) - 
--- 1~-NMR (solvent: DMSO) 
6 = 1.03 ppm - t - J = 7 Hz - 6H C-CH(CH3)2]; 
6 = 1.48 ppm - m - 1H - HZax; 6 = 1.91 ppm - s - 6-H (-0COCH3); 
6 = 2.05 ppm - m - 1H - Hzeq; 6 = 3.83 ppm - m - 1H - CH(CH3)2; 
6 = 4.16 ppm - d - J = 11 Hz - 1H - H5; 6 = 4.73 ppm - t - J = 9.5 Hz 

1H - H4; 6 = 4.87 ppm - d - J = 11 Hz - 1H - HI; 6 = 5.07 ppm - m - 
1H - H3. 

3H-NMR (solvent: DMSO) proton decoupled 
6 = 2.05 ppm - s - 3H - 2eq 
--- 

3H-NMR (solvent: DMSO) proton coupled 
6 = 2.05 ppm - d.d.d: 
--- 

J = 2 Hz; J = 5.2 Hz; J = 13 Hz. 
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Compound 5 (a  = 4.12) - ---------- 
---- 1~-NMR sol vent: DMSO) 

6 = 1.00 ppm - d - 2H - 7 Hz; 
6 = 1.92 ppm - s - 3H; 6 = 3.57 ppm - s - 3H; 
6 = 3.82 ppm - m - 1H; 6 = 4.06 ppm - d - J = 10 Hz - 1H; 
6 = 4.7 

6 = 1.03 ppm - d - 2H - J = 7 Hz; 

ppm - d - J = 10 Hz - 1H. 

--- 3H-NMR (so lvent :  DMSD) 
6 = 1.6 ppm - d - J = 4 Hz; 6 = 1.72 ppm - d - J = 4 Hz. 

Compound 2 ( a = 5.24) - ---------- 
1~-NMR (solvent :  DMSO) 

6 = 1.04 ppm - d - J = 6.5 Hz - 3H-CH(CH3)2; 6 = 1.08 ppm - d - 
J = 6.5 Hz - 3H-CH(CH3)2; 6 
6 = 1.91 ppm - s - 3H - COCH3; 6 = 1.93 ppm - s - 3H - COCH3; 

6 = 1.96 ppm - m - HZeq; 
6 = 3.78 ppm - m - 1H - CHiPr; 6 - 4.19 ppm - d - J = 9.5 Hz - 1H-H-5; 

6 = 4 86 ppm - t - J = 9.5 Hz - lH-H4; 
6 = 5.03 ppm - m - 1H - H-3; 6 = 5.09 ppm - m - 1H-Hi. 

--- 
1.73 pprn - m - H2ax; 

6 = 3.58 ppm - s - 3H-OCH3; 

3H-NMR ( sol vent: DMSO) 
6 I 1.73 PPm - s - H2ax; 
--- 

6 = 1.96 ppm - s - Hzeq. 

--- 3H-NMR (so lvent :  DMSO) proton coupled 
6 = 1.73 ppm - d.d.d -- J = 3.6 Hz J = 11 Hz - J = 13.9 Hz; 
6 = 1.96 ppm - d.d.d -- J = 2.7 Hz J = 5.1 Hz - J = 14 Hz. 

[MNHql" 336. 338 

2. 1-0- ( 1-Met h y l  e t h y l  ) - 2-deoxy-a-D-g1 ucopyranosi de C 2.6 . 6'  3H3 2 - 
I n  a 20 m l  three-necked f l a s k  (vacuum o r  N2. t e r t -  butanol . methanol 

were placed 35 C i  (1.3 TBq) o f  potassium b o r o t r l t l d e  (S.A. = 60 Ci/mmole; 
2.22 TBq/mle). Compound 9 ( 3  C i ;  0.11 TBq) i n  d i e t h y l  e ther  (5 In11 was 
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introduced. The mixture was evaporated under vacuo. To the  residue were 
added 8 m l  o f  te r tLbutano l  and the solut ion was heated t o  gent le ref lux.  
Methanol (1.6 m l ;  1 ml/hour) was introduced and the solut ion was ref luxed 
f o r  40 minutes. After cool ing t o  room temperature and transfer o f  the 

react ion mixture i n  a 250 m l  f lask. water (5  ml). acet ic ac id  (0.5 m l )  and 
methanol (30 ml) were added. The so lu t ion  was s t i r r e d  one hour then d r ied  
under vacuo. The residue was dissolved i n  methanol y ie ld ing  a t o t a l  radio- 
a c t i v i t y  o f  4.48 C i  (166 G8q). A f te r  p u r f f i c a t i o n  by HPLC (reversed phase 
c18 column: 0 = 20 mm; h = 25 cm; solvent: methanol/water: 1/11 3.26 C i  
(120 GBq) were obtained and chromatographed on a s i l i c a  gel column (0.11 cm; 
h = 7 cm; solvent: chloroform/methanol: 96/41. 

Compound 6 (1.52 C i ;  56 GBq) had a radiochemical p u r i t y  o f  98% by = 
thin- layer chromatography (Rf = 0.2; solvent: chloroform/methanol: 9/11. 

--- 3H-NMR (solvent: deuterated DMSO) 

6 = 1.38 ppm - s - Hpa; 
6 * 3.37 ppm - d - JT-6,f-e' = 18 HZ d i t r i t i a t e d  f0m i n  pOS 

6 I 1.75 p p  - S - H2e; 

6 = 3.38 pprn - s - monotr i t iated form i n  pos i t ion  6; 

6 = 3.57 ppm - s - monotr i t iated form i n  pos i t ion  6'. 

6 3.56 ppm - d - JT6-T6' = 18 HZ - d i t r f t i a t e d  form in POS 

3. D-Gl~c0~e-[2,6,6'~H1 = 7 

t i o n  6; 

t i o n  6'; 

Compound - 6 (1.52 C i ;  56 GBq) i n  18 m l  N hydrochloric acid i s  heated a t  
60 'C f o r  3 h o k  under nitrogen. A f te r  cooling. the solut ion was neut ra l i -  
zed on Dowex 1 x 8 (carbonate form), f i l t e r e d  and dried. The residue was 

dissolved i n  methanol (0.5 ml) and p u r i f i e d  by preparative paper chromato- 
graphy (washed Whatman SS 2316; solvent: n-butanol /acet ic acid/water: 

2/1/11. Compound - 7 (1.12 C i ;  41 GBq) was obtained w i th  a 99% radiochemical 
p u r i t y  checked by TLC on ce l lu lose  (Rf = 0.49; n-butanol/acetic acid/water: 
2/1/11 and by HPLC (Aminex HPX87, solvent: water). 

Specific a c t i v i t y  o f  I was determined by colorimetry w i th  2,4-dinitro- 
phenyldrazine and by l i q u i d  s c i n t i l l a t i o n  counting (50 Ci/mmole; 1.85 TBq/ 
mo le) .  
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