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Note 

Facile hydrolytic cleavage of N,O-diheptafluorobutyryl derivatives of 
thyroidal amino acids 

R.40 S. RU’AK!X+_ JEFU ROTH and VADLAXAXI K_ PRASAD 

Bophnnrcexks hboratm_r Branck, Dir&ion of Biopkumzceuxics. Food and Drun Aahinisrrahm (HFD- 
S1:,1, :V&zingron, DC 20-704 (USA) 

(Frjt received Juiy Xth, 19Sl; revised manuscript receixd October 10th. 1981) 

The present United States Pharmacopeia assay method for sodium levothy- 
rosine (Tz~a. sodium salt of 3,3’,5,5’-tetraiodothyronine), sodium liothyronine 
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Fik 1. A Hewlett-Packard 583OA _eas-hromatograph. equipped Rith a Model 18803A Hewlett-Packard 
dmroo ~pture detector (b3yi is the radioactive source) and a sfodei ;885OA HewIett-Packard CC 
terminal was used. GLC chromato_gam obtained by processing a 5 ps sodium iiothyronine tablet The 
chrcmato_gzpby WIS performed on a @ass column (4 ft_ x 0.4 mm I.D.). packed with 2% OV-101 on 1W 
110 mesh Chromosorb W HP. A temperature programming was utiEzcd for the separation of the de- 
rivazized T, and RT,. with the initial tempera:we szt at 25S’C for OS min and the temperature was 
increased to 27.5X at the rate of IY/min. to reach 275°C and kept at that temperature for 8 min. The 
retention times were 5.3 and 7.9 min respectively for the derivatives of T3 and RT,; injection temperature 
3OW C. ovu ma. 315°C chart speed 0.5 cm/mitt_ The carrier used was 5 >i methane and 95 0/e argon and the 
flow-rate was 25 ml/min_ 
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(TsNa, sodium salt of 3,3’,%triiodothyronine) tablets and some other thyroid dosage 
forms’ is a non-specific, iodometric assay. Recently specific and sensitive high-per- 
formance liquid chromatographic (HPLC) methods for analyzing these compounds 
from tablet formulations were reported =a However, the reported HPLC procedures 
were not sensitive enough for conducting either dissolution studies on small dosage 
forms of T,Na or T,Na (smallest dosage form of T,Na is 5 pg) or to determine 
plasma levels of these bormones in bioavailability studies. 

A highly sensitive gas-liquid chromatographic (GLC) procedure for the de- 
termination of T, and T4 from plasma was reported by Petersen and co-workers6*‘, 
which consists of isolation of the amino acids from plasma and derivatization to the 
N,O-diheptafluorobutyryl amino acid methyl esters and detection by electron cap- 
ture_ (See Fig_ 1 for conditions). We attempted to adapt the above procedure for the 
analysis of tablets. Basically the procedure consisted of the addition of RT, (3,3’,5’- 
triiodothyronine) as the internal standard, isolation of the amino acids by acidic 
butanolic extraction’, followed by derivatization to NO-diheptafluorobutyryl amino 
acid &ethyl ester and GLC determination as described by Petersen ef aL6. As low as 
20 pg injected on the column could be quantitated using this procedure, thus es- 
tablishing that the method would have the required sensitivity. The resultant peaks 
had good chromatographic characteristics (Fig. 1). The optimum conditions de- 
scribed for the separation of the peaks were chosen after a preliminary investigation 
of different columns and chromatography conditions_ 

The method was reported to exhibit good precision in the analysis of plasma 
samples6*‘. However, when we attempted this procedure using pure amino acids, 
unacceptable coefficients of variation (up to 30 “/Q resulted. Further kinetic studies 
revealed that these derivatives are not stable and are sensitive to moisture. The prob- 
lem was not eliminated even by usin, = freshly distilled dry solvents- The ease of 

decomposition of the N,O-diheptafluorobutyryl-amino acid methyl ester was T, > 
II4 r RI-,. 

Similar decomposition phenomena were reported earlier of N,O- 
ditrifluoroacetyl-T, and T,-0-Meesters by Dotter and Hennemann’. This is under- 
standable as the trifluoroacetyl group is highly electronegative, thus enhancing the 
ease of hydrolytic cleavage (Fig. 2). I n comparison to the trifluoroacetyl group, the 
heptafluorobutyryl moeity is more electronegative and is expected to be extremely 
moisture sensitive_ Presently it is not known whether it is the heptafluoro derivative of 
the amino or phenolic group or both that are cleaved and the reason for the much 
more facile cleavage of the derivative of TX as compared to RT, and T,. It is likely 
that cleavage occurs more easily at the 4’ (phenolic position), as it is more similar to 

CF3- CF2-CE2 

Fig. 1 Chemical stmcttme of basic iodothyronin~ derivuized as the N.O-diheptaRuorobuqryI-amino 
acid-methyl ester_ R, = I, R2 = L is th~Tosine (‘L;); R, = I, R2 = H is rexme T3 (RT,); R, = H, RI = I 
is tiodothyronine (T, or Iiothyrotie). 
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an activated ester in structure than at the amide linkage. If indeed the cleavage 

occured primarily at the phenolic position of the heptafluoro group, it could partially 
be explained by the presence of steric and hydrophogic interactions_ For the de- 
rivatizrd T,. there is considerable strain due to steric interaction and crowding be- 

tween the iodine atom and the heptafluoro group. This steric strain would be reIeased 

by the hydrolytic cleavage of the heptafluoro group. In the case of RT, and T,, the 
heptafluoro goup at the phenolic 4’ position is surrounded by iodine at the 3’ and 5 
positions. with the resultant increase in steric strain. However. hydrophobic interac- 
tion between the bulky iodines or Mween the iodine atoms and the lipophilic hepta- 
fluoro moiety is likely. This would result in a hydrophobic interaction_ which excludes 

water. and thus makes hydrolytic cleavage of the heptafluorobutyryl moiety more 
difficult_ This explanation is in agreement with our experimental results that the 
derivatke of T, is more prone to decomposition than the derivatives of T4 and RT,. 

In conclusion, although a procedure was developed for the isolation, deriv- 
atization and quantification of thyroidal amino acids using GLC, the procedure was 
not pursued further due to the relative instability of the derivative N,O- 
diheptafiuorobutyryl amino acid methyl ester. The reason for the instability is ex- 
plained on the basis of steric interactions and electronegativity. 
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