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Pentatluorophenylhydrazine (PFPH)L*2 and O-(2,3,4,5,6pentafluorobenzyl)- 
hydroxykmine (pentafhxorobenzyIoxyamine, PFBOA)3*4 have been used as deriv- 
atizing agents in the gas chromatograpbic (CC!) determination of keto-steroids. 
Hoshika and Muto rcportcd the use of PFPEI in the GC of lower aliphatic cxboqyl 
compounds. We have considered these reagents as derivatizing agents in the GC 
determination of low-molecular-weight carbonyl compounds in aqueous solution. 
In a previous paper!, we described the use of PFPH in the GC determination of 
these carbonyl compounds. 

Later, PFBOA was found to be more suitable for this purpose, and this paper 
compares ffie utility of PPBOA and PFPH. 

ExPERiMEmAL 

Reagents 
PFPH was obtained from Aldrich (Milwaukee, Wk., U.S.A.). PFBOA hydro- 

chloride was synthesized from pentafluorobeuzyl bromide (Aldrich) and N-hydroxy- 
phtbahmide (Tokyo Kasei, Tokyo, Japan) according to the procedure of Young- 
dale’. White plates (m-p. I l5O) were obtained. Elemental analysis: CaIcuIated for 
C,H,NOF,CI, C 33.69, H 2.02, N 5.61%; found, C 33.69, H 1.97, N 5.52%. 

The internal standard (IS) solution was a 0.025 % solution of pchiorobenzyl 
chloride in ethyl acetate. 

A Shimadzu Model GC4APF gas chromatograph equipped with a il.m~e- 
ionization detector(FID) was used. The GC conditions were as follows: 2-m glass 
column packed with 3% XE-60 on 8U-IOO-mesh Celite 545 (AW DMCS); column 
temperature, 90”; detector temperature, 120”; injection temperature, 120”; chart 
speed, 0.25 cm/min. 

To a 0.5~ml aJ.iquot of sample solution in a IO-ml ccntrifi~ge tube was added 
0.5 ml of PFBQA solution (0.2 mg/ml; ca- 8.0- foe4 Iw). The mixture was shaken 
well and allowed to stand for 40 min at room temperature (overnight if the sample 
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solutioncontainedketones).To ~erezctionmixtures,saturatedwithsodiumc~o~de, 
was added 1 drop of 18 iV sulphuric acid and the mixture was extracted with 0.2 ml 
of ethyl acetate umtaining 5Opg of pchlorobenzyl chloride as internal standard. 
Exazss of sodium chloride and the aqueous layer were removed with the aid of a 
syringe with a Iong needle, a few grains of anhydrous sodium sulphate were added 
to dry the ethyl ace*z&e extract and a~ aliquot was injected on to the Gc column. 

The retention times of thirteen 0-penta&zorobeuzyIoximes (0-PFBO) relative 
to the internal standard obtained on diEereut cohmms are given in Table I. 

z4BJLE I 

R_ELATIyE RETENTION TIMES OF THE 0-PENTAFfJ_JOROBENZYLOXiMES OF CAR- 
BONYLCOMPOUNDS 

Porenrcompormd Stationmy pike in& column temperature 

3% XE-60 3% XF-110.5 3% SE-30 2% QV-17 
mJ”1 (100 “1 WO) (70”) 

PFBOA 
HCHO 
C‘H,cHO 
C&CHO 
nGHm0 
W,CHO 
I+C+H&HO 
?k-CJ&CHO 
CHacaH, 
C 
c 
CH,fxxw7-C& 
GHsC=CzHs 
GH5CO+C3H, 
ClC.J&CH~Cl” 

0.62 
0.19 
0.32,0_34’ 
0_47,0.51- 
O.SO 
0.57 
I.35,1.44' 
272 
O-40 
0.61 
0.73 
1.16 
0.8s 
L27 
1.00 

0.69 
0.27 
0_48,0.51' 
0.80 
1.41 
1.01 
268 
191.139' 
0.70 
1.13 

Ei 
1.74 
270 
LOO 

0.88 0.65 
0-w 0.19 
0_57,0.59' O-43 
1.05 0.72 
1.83, 1.92' 1.30.1.38' 
1.32 0.88 
3.33,3.52' 25~2.68' 
255.272' 1.76.1.94' 
0.88 0.65 
1.50 1.04 
2.08 1.24.1.43' 
3.38 2.08 
243 1.61 
3.95 261 
1.00 1.00 

A typical GC separation of some carbonyl compounds as their 0-PFBO 
derivatives is illustrated in Fig. 1; pchlorobenzyl chloride was used as ffie internal 
staudard. The procedure was essentially the same as that described previously. 

A calibration graph was constructed by plottiug the ratio of the peak height of 
a carbonyl compound to that of the internal standard, and a straight line passing 
through the origin was obtained for formaldehyde, acetaldehyde, isobutyraldehyde 
and diethyi ketone in the range l-50 pg in 0.5 ml of aqueous solution. The repro- 
ducibility of the method for five replicate dete rminatious on an identical sample 
solution containing 39 yg of isobutyraldehyde was e xamiued; the staudard deviation 
WE 1.480/, which was less than that obtained with PFPH (lMO/a. 

When wme carbonyl compounds reacted with PFBOA (marked with asterisks 
in Table I), ffie two peaks in each instance cm be cxm.siM to correspond to .syn- 
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Fig_ 1. Gas chromatogram of some carbonyl compounds as their pentafiuorobenzyloximes. Con- 
ditions: 3 % XE-60,2.0-m gkss column, temperatun programmed from SO” to 120” at 4”/min, FID. 
Peaks: 1 = formaldehyde; 2 = zcetaldehyde: 3 = acetone: 4 = propionaldehyde: 5 = isobutyral- 
dehyde; 6 = methyl ethyl ketone; 7 = methyl isopropyl ketone; 8 = n-butyraldehyde; 9 = diethyl 
ketone; 10 = methyl isobutyl ketone; 11 = ethyl n-propyl ketone; 12 = m-tieraldehycie; IS = p- 
citlorobenzyl chloride. 

and anti-isomers resulting from condensation reactions with PFBOA. A similar phe- 
nomenon was observed with PFPH. 

The utility of PFBOA was compared with that of PFPH. As shown in Fig. 2, 
the PFPR concentration required was about ten times greater than those of the alde- 
hydes being determined, in order to complete the reaction, whereas the formation of 
the 0-PFBO derivatives was easily achieved with a much lower concentration of 
PFBOA. As can be seen in Table JI, the condensation reaction was complete in 
20 min at room temperature, after which the measured values were constant. Using 
isobutyraldehyde, the peak-area ratios of both 0-PFBO and hydrazone derivatives 
to the same internal standard @-chlorobenzyl chloride) were measured at column 
temperatures of 90” (Fig. 2) or 120”. The values obtained were 0-PFBO 0.58 and 
hydrazone 0.28 at 90”, and 0-PFBO 0.62 and hydrazone 0_28_at 120”. Hence the 
value for the 0-PFBO derivative was approximately double that of the hydrazone at 
each temperature. The condensation reaction of PFBOA with ketones also proceeded 

0 0.2 0.4 0.5 0.8 1.0 1.2 - 4.2 8.4 IZS 

Fg. 2 EEett of PPEQA (0)and PPPH (0) concentration on reaction with &+C&cHO (0.7 mMh 
Themas uxemer~S were carried out according to the procedure described uuder Experimental arid 
that in the pre%ious pap&. IS: dorobeazyl chloride for the determination of both derivatives 
produced. column temperahxe: 909 
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-FABLE II 

i%FFEm OF RJZACTION PERIOD ON EXTENT OF (XINDENSAT’ION REACTION WITH 
PFBOA 

Reaction at room temperature. The vatrxs given for exte.nt of reaction are the peak-area ratios of 
the compound peak to that of the internal standard (pchlorobenzyl chloride). 

conzpounci Jzeaclianperiort 

2Omin #In-in Ih 2h 24k 

HCHO 1.78 1.88 1.82 1.82 1.63 
CH,CHO 0.85 0.88 0.82 0.85 0.71 
GBGHO 

E 
0.82 0.88 0.85 0.75 

lf-C&C=O 0.79 0.82 0.77 0.71 
fi+GHXHO 1.01 1JXJ 1.09 1.00 095 
=GS-o 0.68 0.66 0.68 O-68 0.68 

iirGi%zs” 
cH&& 

0.44 0.56 0.52 0.60 0.86 0.56 0.50 l.C6 0.78 1.23 
0.18 0.31 0.38 0.58 1.18 

cH#zu-~~3H7 0.07 0.12 0.15 0.25 1.11 
cH,-9 0.05 0.07 O-09 0.14 0.60 
czHscoctHs 0.07 0.12 0.17 0.21 0.98 
CzHm& 0.03 0-W 0.06 0.11 0.97 

slowly, being analogous to ‘the reaction of PFTPH but proceeding further to completion 
(Table II, Fig. 31, a measurable yield obtained within 24 h. 

Nambara et aL3 heated the reaction mixture in pyridine at 60” for 1 h in order 
to accelerate the condensation between PFEOA and keto-steroids. Koshy et cd4 

heated the mixture in benzene and pyridine at 65” for 30 min to prepare the 0-PFBO 
derivatives of steroids with keto groups. In our experiment, the condensation reaction 
was carried out in aqueous solution. It can be seen in Fig. 3 that heating improved 
the yield, but the yield decreaxd gradually with an increase in the heating period, 
giving a value after 60 min that was considerably lower than that obtained a&r 24 h 
at room temperature. 

With aldehydes, heating of the reaction mixture also did not give very good 

F= 3. EEcct of iezfion ttzyera~ and reaction pexiod on the cond-tim reacti- of diethy1 
ketone with PFBOA or PFPH_ Redion: 0. with PFBOA at roam temperature; e, with PFEOA at 
70”; Cl. with PFPH at room tesnpexahwe; 9, with PFPH at 70”. 
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resuki, and the procedure at room temperature was much more satisfactory with 
regard to the yieId of the reaction and deviation of the values 05tained from repeat& 
determinations on an identical sample soh~tion. A decrease in the reagent com~n- 
tration in the reaction mixture led to an additional advantage with PFBOA that 
the removal of the unreacted reagent was almost complete. ?FBOA in aqueous 
solution was slowly hydrolyzed OZI storage for more than a week and the penauoro- 
benzyl alcohol liberated was extracted, giving an zmdesirable peak that overlapped 
that of the 0-PFBO derivative of acetone on the gas chromatogram. The O-PFBO 
derivatives were much more volatile than the corresponding pentafiuorophenyl- 
hydrazones, and therefore the Gc separation could be carried out at lower 
temperatures. In this work, the column temperature was maintained at 90” for all 
separations, which was 30” lower than that used with the pentafluorophenylhy- 
drazones. 

The extent of the condensation reaction with PFPH was greater in neutrai 
media, whereas the reaction with PFBOA proceeded readily in weakly acidic media 
(pH 4-6), so that the use of a buffer solution was unnecessary. 

The stability of the 0-PFBO derivatives was studied using isobutyrafdehyde, 
and it appeared that the derivative was stable in ethyl acetate at room -%emperature 
for at least &few days. Because of the ease of preparation of the derivatives, the 
complete removal of umzacted reagent and the increase in volatility of 0-PFBO, the 
reagent would be more suitable for the GC determination of carboryk compounds 
and the derivatives would be extremely sensitive to electron-capture detection. 
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