
Journal of Labelled Compounds and Radiopharmaceuticak-Vol. XXIV, No. I2 

SPECIFIC DEUTERATION OF PHENOLS AND AROMATIC ETHERS 
USING BORON TRIFLUORIDE AND DEUTERIUM OXIDE 

Ali R. Banijamali, Avgui Charalambous, Cornelis J. Van der Schyf 
and Alexandros Makriyannis * 

Section of Medicinal Chemistry & Pharmacognosy, School of Pharmacy 
and Institute of Materials Science 

The University of Connecticut, Storrs, CT 06268 

SUMMARY 

A number of phenols and aromatic ethers were dcuterated in positions ortho and para to the 
phenolic groups using BF, etherate followed by quenching with Na,CO, in D,O. This method in- 
volves mild reaction conditions and should have wide applicability in the isotopic labeling of these 
compounds. 
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INTRODUCTION 

An increasing number of publications involving in virro and in vivo biochemical experiments make 

use of labeled phenols and illustrate a demand for the facile synthesis of such compounds (1). 

Phenols can generally be labeled through the reductive dehaiogenation of thc corresponding halo 

analogs using deuterium or tritium gas (2). This method is reliable and gives specifically labcled 

products (3). On the other hand, it may be tedious, requiring multistep sequences and cannot be 

used for compounds with groups susceptible to hydrogenation such as olefins, acetylenes or benzyl 

ethers (4). 

An easier approach for the isotopic labeling of phenols is through the use of hydrogen exchange 

reactions. Such mcthods include hydrogen exchange in the presence of Rancy nickel (5-7) as well 
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as acid catalyzed exchange with trifluoroacetic (8) or phosphoric acid (9). Ilowever, these proce- 

dures often suffer from lack of specificity in the labeling. Also, acid catalyzed reactions generally 

require heating and cannot be used with acid labile compounds. A phosphoric acid-boron trifluoride 

reagent (lo), was found to be useful for labeling heat sensitive compounds at  room temperature but 

also lacks specificity and cannot be used with acid labile compounds. 

METHOD. RESULTS A N D  DISCUSSION 

We would like to  report here on a simple and highly effective method for the deuteration of 

phenols and phenyl ethers which makes use of boron trifluoride etherate followed by quenching 

with a solution of sodium bicarbonate in D,O. 

OH OD 

D 

The reaction can be carried out in a variety of chlorinated hydrocarbons or aliphatic ethers, the 

choice of solvent being dictated by the reaction temperature and the solubility of the substrate. 

The Table below illustrates the scope of this reaction with substituted phenols and phenyl ethers. 

As can be seen, deuteration occurs in relatively high yields and exclusively in positions ortho and 

para to the phenolic group. Ortho positions are generally favored over the para. Deuteration can 

be enhanced in all the positions to nearly quantitative yields by repeating the reaction. The reaction 

appears to  require an electron rich aromatic ring since electron withdrawing substituents on the ring 

as in ortho- and para-hydroxyacetophenone, inhibit deuteration. Monophenols and 1,4 diphenols 

deuterate slowly at room temperature but the rate of deuteration can be increased if desired by re- 

fluxing the BF, etherate reaction mixtures. On the other hand, the more activated 1,3 diphenols 
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react with BF, etherate at much lower temperatures. This is especially useful for labeling labile 

phenols. 

Eydrogen-Deuterium Exchange in Phenols using BF3.Et20/D20 

c82c12 
1-Pr 0 

i-Pr20 

EtZO 

2 

Bt20 

c a p 2  
i-Pr20 

i-Pr20 

i-Pr20 

i-Pr20 

i-Pr 0 2 

30 70 0 -- 0 70 

30 70 0 - 0 70 

30 65 - 65 0 90 

30 - 80 -- 43 80 

- 90 0 90 30 - 
85 30 a5 - 85 -- 

65 -- 65 65 30 

50 -- 50 60 

60 75 - 75 0 75 

120 - 0 0 0 0 

120 0 0 0 0 

- 
I I 

-- 

ReactioM done in i-Pr20 wra performed at 69'12, a11 others at 2S0C or lower. 

Time t o  obtain mount of deuteration shown. 

Percent deuteration was datemined from the llf !iNR spectra of the products, obtained 
on a 200 naZ IBn UP-200 SY .pactraatcr. 

All deuteration reactions represented in the Table above were performed according to the fol- 

lowing general procedure. To a solution of 200 mg of a phenol in 10 ml of a dry solvent, 2 ml of 

BF,.Et,O was added under nitrogen. The mixture was stirred at the temperatures and for the 

amount of time shown and then quenched using 3 ml of a 10% Na, CO, /D,O solution and stirring 

was continued for 30 min. The organic layer was separated, washed with D,O (2x2 ml) and dried 

over anhydrous Na,SO,. The solution was filtered and the solvent evaporated. The residue was 

purified by crystallization or chromatography. 

Dedeuteration could similarly be accomplished by performing the same procedure on a deuterated 

substrate and quenching with H,O to obtain quantitative isotopic hydrogen exchange. 
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The usefulness of this reaction with acid labile phenols is illustrated in our recently reported 

deuteration of acid labile tetrahydrocannabinoids in the phenolic ring (1 I). Reactions such as these 

could be carried out a t  temperatures of -3WC. 

The reaction of BF,.Et,O with phenols appears to result in boron trifluoride : phenol addition 

products which upon quenching with D 2 0  decompose to the deuterated phenol. The evidence for 

such a BF3 : phenol covalent interaction comes from the proton NMR experiments where we ob- 

serve the disappearance of the aromatic protons in the phenol spectrum upon addition of 

BF,.Et,O. 
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