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Synthesis and physical-chemical characteristics (melting 
points, infrared-, visibIls- and ultraviolet spectra, paper-, 
tbin-layer- and gas-liquid chromatographic behaviour) of mono- 
chloroacetate derivatives of steroids representing the andros- 
tans-, pregnane-, estrane- and cholestane series are described, 
The usefulness of these derivatives in gas-liquid chromatogra- 
phy isdemonstrated. Through their strong electron absorbing 
properties the quantitatfon of nanogram amounts of these deri- 
vatives by electron capture detection is possible. 

shortly following the preliminary introduction of the 

electron capture detector in gas-liquid chromatography 'I, the 

extreme sensitivity of this detector for chlorinated cOmpOU2Xds 

was used in the field of pesticides 21 v The general observation 

that introduction of halide atoms in non-electron absorbing 

compounds might produce positive centers for electron attaoh- 

ment3~ , prompted ~~~~ AND LIPSKY 4) to prepare a series of 

cholesteryl-haloacetatos5', They demonstrated, that the 

electron capture detector was far more sensitive towards the 

chlorinated than the free compounds. The sensitivity of elec- 

tron capture detection of the halo-acetates was highly increased 

as compared with&e sensitivity of flame and argon ionization 

detection of the free and halo-acetylated compounds, 

Whereas chXoroacetates in general proved to be more sensitlva 

for electron capture d&e&ion than bromo- and fluoro-acetates, 

the detection of monoch~oroacetate~ proved to be more sensiti- 

ve than detection of the dichloro- and trichloro-acetates, We 

have been able to confirm this finding in the series of chlo- 

roaoetates6'. 
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Methods for the estimation of testosterone 7) and proges- 

terone8) in human peripheral plasma, based on the quantitation 

of nanogram amounts of the monochloro-acetate derivatives of 

testosterone and 200reduced progesterone have been developed. 

Since all reactive hydroxgl-groups in steroids might be expec- 

ted to form chloroacetates equally well 7) , the use of this de- 

rivative might find general application, allowing the quanti- 

tation of nanogram amounts of steroids by electron capture de- 

tection following gas-liquid chromatography. To illustrate 

this principle further, we have prepared the monochloro-ace- 

tates of several steroids, representing the androstane, preg- 

nane, estrane and cholestane series. 

MATERIALS 

Free steroids were obtained from commercial sources; they 
were recrystallized before use. 
Solvents were analsr reagents of Britisch Drug Houses Ltd. 
and redistilled before use. 
Monochloroacetic anh dride-was obtained from H and K La- 
boratories, Inc. + Plainview, N.Y.) and kept dry in a de- 
siccator. 
Pyridine was refluxed over barium oxide for 4-b hrs and 
fractionateg through a Vigreux column. The fraction boi- 
ling at 115 C was collected and stored in a desiccator. 
Tetrahydrofuran (Merck) was refluxed for 3 hrs with po- 
tassium hydroxide pellets and subsequently distilled off 
sodium. It was stored over sodium in a dark brown bottle, 
Silica gel GF 
ultraviolet f $8 

(Merck) according to Stahl containing an 
orescent indicator was used for thin-layer 

chromatography. 

SYNTHESIS OF CHLOROACETATES 

The preparation of milligram amounts (100-200 mg) of the 

chloroacetates derivatives was for all steroids first tried 

according to the methods described 4,7) for the synthesis of 

cholesterol- and testosterone-chloroacetates, 

1 gram chloroacetic anhydride and 0.2 ml pyridine were 
added to 100-200 mg of the steroid dissolved in 5 ml. 
tetrahydrofuran, After standing overnight in the dark, 
5 ml of distilled water were added and the solution was 
extracted with 5 ml diethyl ether 3 times. The combined 
ether extracts were washed once with 5 al 6 N hydrochlo- 
ric acid and twice with 5 ml distilled water, The was- 
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hed ether extract was filtered through anhydrous sodium 
sulphate and taken to dryness. 

This method was successful for all steroids tried, except 

3f3, 17a-dihydroxypregn-5-en-20-one. This steroid did not dis- 

solve sufficiently in tetrahydrofuran and had to be dissolved 

in chloroform. Reaction with chloroacetic anhydride and pyri- 

dine wa6 carried out in the chloroform solution and after ad- 

dition of water,the chloroform layer separated and was treated 

as the ether extract. 

Recrystallization of the residues was in most ce.688 done 

from aqeous acetone; in a few case6 this was unsuccessful and 

other solvents had to be used (see: Table 11, If a solution 

showed a yellow color during recrystallization, this solution 

was repeatedly treated with activated charcoal (boiled and fil- 

tered) until a colorless solution was obtained. 

Melting points of the pure steroid chloroacetates are gi- 

ven in Table 1, The melting points of the two steroid chloro- 

acetates, that were previously described (cholesterol-chloro- 

acetate 4,7) : 161-163°C and testosterone-chloroacetate 7,9): 

124-125°C) are indentical with those found in the present in- 

vestigation. 

From SOme of the steroid chloroacetates the carbon, hydro- 

gen and chlorine contents were estimated 10) . The result6 pre- 

sented in Table 2 show a good agreement between the estimated 

and calculated values. 

INFRARED SPECTRA 

Infrared spectra were recorded with a Beckman IR-8 gra- 
ting spectrophotometzff 
bration (at 2000 cm 

The accuracy of the wa:glength cali- 
was approximately 10 cm To obtain 

a spectrum the steroids were dispersed in potassi&bromide 
pellet6 of approximately 1 mm thickness and a diameter of 13 
mm, In each case approximately 1.5 mg of the steroid was mix- 
ed with 300 mg pOtas6itzmbrOtide. 

The spectra of free, acetylated and chloroacetglated tes- 

tosterone, estrone and pregnanediol (figures 1,2 and 3) repre- 

sent characteristic examples of the specific spectral changes 

due to derivative formation. 
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TABLE1 

MELTING POINTS OF FREE STEROIDS AND STEROID CHLOROACETATES 

melting point (OC) solvent for 

free steroid 
recrystallization 

steroid Cl-acetate 
of Cl-acetate 

Estradiol-3-Me-ether 117 

Pregnanolone 148 

Cholesterol 148 

Dehydroepiandrosterone 149 

Testosterone 151 

2Oa-OH-pregn-4-en-3-one 167 

20@OH-pregn-4-en-3-one 174 

Estradiol 177 

Androsterone 18s 

Pregnanediol 235 

Estrone 260 

3$,17a-di-OH-pregn-S-en- 272 
20-one 

117 
Xx) 

102 

160-161 

160-161 

124-125 

167-) 

166 
x> 129-130 

134 

155x) 

157-158 

202 

acetone-H20 

methanol-H20 

acetone-H20 

99 

99 

99 

hexane-benzene 

acetone-H20 

$9 

9T 

methanol 

xl d&zhloroacetates 

xX> mixed melting point with free compound: 95'C 

xxx) mixed melting point with free compound: 137'C 

The infrared spectra of the acetates showed the well 

known lLl2.13) absence of the hydroxyl-bands in the 3 p and the 

8-10 u regions, and the introduction of the carbonyl absorption 

at approximately 5.8-5.9 p due to the introduction of the ace- 

tyl-group. In the cases of testosterone- and estrone-acetate 

these new bands were clearly distinguished from the carbonyl 

absorption resulting from the keto group in the steroid nucleus. 

Furthermore, acetylation resulted in the appearance of the mo- 

re or less characteristic ester bands in the 8 and 10 u area. 

The spectra of the steroid chloroacetates exhibited in ge- 

neral the same characteristic differences from the spectra of 
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TABLE 2 

EIZMENTAL ANALYSIS OF SOME STEROID CHLOROACETATES 

Compound %C %H %Cl 

Pregnanediol- 
di-chloroacetate 

Estradiol-3-Me-ether- 
chloroacetate 

2CB-OH-pregn&-en-3-one- 
chloroacetate 

Testosterone- 
chloroacetate 

3@,17a-dihydroxy- 
pregn-5-en-200one- 
chloroacetate 

calculated 63.46 8.02 14.99 

found 63.19 7.90 14.84 

calculated 69.44 7.44 9.78 

found 69.06 7.33 9.65 

calculated 70.24 8.40 8.93 

found 71.22 8.60 8.88 

calculated 69.06 7.95 9.73 

found 69.42 8.09 9e84 

calculated 

found 

67.48 8.07 8.68 

67.32 8.32 8.31 

the free compounds as the steroid acetates: disappearance Of 

the hydroxyl absorptions and introduction of carbon@ and ester 

bands. Possibly as a result of the chlorine atom the carbonyl 

absorption of the chloroacetate group at 5.8 p was shifted as 

compared to the carbonyl absorption of the acetate group. In 

the series of steroids, that we have investigated, we have not 

been able to detect a general rule for this shift. Going from 

the acetates to the chloroacetates for testosterone, estrone 

and pregnanediol, the shift of the carbonyl band for example 

was from 1735 + 1707, 1762 -. 1759 and 1725 + 1752 cm" respec- 

tively. 

As seen from the spectra in Figures 1-6, the carbonyl ab- 

sorption of the chloroacetyl group of the investigated steroids 
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FIGURE 1. 

Infrared spectra of Testosterone, Testosterone acetate and 
Testosterone chloroacetate. 

_,,_... 
i 1 i- 

FIGURE 2. 

Infrared spectra of Estrone, Estrone acetate and Estrone 
chloroacetate. 
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FIGURE 3. 
Infrared spectra of Pregnanediol, Pregnanediol diacetate 
and Pregnanediol di-(chloroacetate). 

FIGURE 4. 
Infrared spectra of 17a-Hydroxypregn-5-en-2O-one-3&chloro- 
acetate, Cholesterol chloroacetate and Estradiol-+metbyl- 
ether-17fi-chloroacetate. 
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FIGURE 5. 
Infrared spectra of Androsterone chloroacetate, Pregnanolone 
chloroacetate and Dehydroepiandrosterone chloroacetate. 

:i ‘i 
^. 
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Bigure 6. 
Infrared spectra of Pregn-4-en-3-one-2Oa-chloroacetate, Pregn- 
b-en-3-one-20$-chloroacetate and Estradiol di(-chloroacetate). 
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testosterone chloroacetate, in the 

The differences between the spectra 

the corresponding steroid chloro- 

acetates must undoubtedly be related to the presence or absence 

of the chlorine atom. These differences, though rather small 

and difficult to correlate with specific StmCtWal changes, 

w ere clear enough to distinguish the acetates from the chloro- 

acetates using proper reference spectra. 

The infrared spectra of the ChlOrOaCetate derivatives Of 

pregnanediol (Figure 3) and estradiol (Figure 6) clearly showed 

the absence of any hydroxyl absorption in the 3~ area, indicating 

that most likely a di-monochloroacetate derivative had been form- 

ed. This was confirmed by the results of the elemental analysis 

(Table 2). The chloroacetyl derivative of 38,17a-dihydroxypregn- 

5-en-2&one (Figure 4) still exhibited a hydroxyl absorption . 

The results of the elemental analysis (Table 2) indicated, that 

chloroacetylation of this steroida has resulted in the esterifi- 

cation of only one of the hydroxyl groups, that are attached to 

the steroid nucleus. In analogy with the difficult acetylation 

of the highly hindered tertiary 17a-hydroxyl group 27) , we pre- 

sume, that the 17a-hydroxyl group is still present and that t&lo- 

roacetylation has only taken place in the 3/3_position, 

UITRAVIOLET AND VISIBLE SPECTRA 

The ohloroacetate derivatives of steroids had the same spec- 

troscopic properties and gave the same oolor reactions as the 

corresponding free steroids and steroid acetates,, 

The chloroacetates of the ultraviolet absorbing A4-31keto 

steroids (testosterone, 2Ou- and 208-hydroxypregn-4-en.3-one) 

showed in methanolic solution maximal absorption at 240 m)r, The 

mOh?rcXd.ar eXtinCtiOn coefficients were identical to those of 

the free steroids 14) (20B-hydroxypregn&-en-+one-chloroacetate: 

x ;%I = 241 mp; E = 16.733; 

241 mt.r; & = 16.1.44). 

testosterone chloroacetate: x rm = 

Chloroacetates 08 the 17.ketostero5ds and pregnanolone 

gave the usual color cbvelopment in the Zimmermann reaction 15) , 
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aegnanediol di-monoch3.araacetate gave a yellow c5Lor 

with concentrated sulphuric acid {Amax = 420 rn$ 16). The 

chloroaeetates of dehydroepiandrosterone and 3@,17a_dihydroxy- 

pregn-5-en-20-one gave with a 2-l mixture of concentrated 

sulphuric acid and ethanol the chromogen characteristic for 

the steroid b5-3WXI configuration (A""" = 403 rnp) 17). 

Estrcrgen chloroacetates gave the typical color develop- 

men% in the Sober reaction 18) and the Barton reaction 191 . 

PAPER AND THIN4AYHR CHROMATOGRAPHY 

The results obtained in paper chromatography and thilr-layer 

chromatography clearly demonstrated the low polare character 

of the chloroacetate derivatives as compared to the free ste- 

roids. Using the Bush A system choir-M~thano~~Water lOU-70- 

30 and the Methylcyclohexane/Propylenglycol system for paper 

chromatography on Whatman No.1 paper and mixtures of benzene 

and ethylacetate as developing solvent for thin-layer chroma- 

tography on silica gel plates, it was generally tipossible 

to separate corresponding steroid acetates and steroid chloro- 

acetates when they were chromatographed in a mixture, 

For gas-liquid chromatography an F and M model 400 gas 
chromatograph equipped with a flame ionization and an electron 
capture detector was used. Pure dry nitrogen was used as 
carrier gas (outlet velocity: 75 ml/min). With the electron 
capture &tector a purge gas stream of argon containing lQ% 
methane (outlet velocity: 225 mL/min) was added to the carrier 
gas stream just before entering the detector, The electron 
capture detector was operated in a pulsed way; pulses of 
approximately 50 Volts/cm were applied to the detector every 
150 psec during 0.75 usecI 

c~fununs of XE60 and GE-30 on Gas Chro? ~4_,~)i80-100 mesh) 
were prepared as described by HORNING et al. * For flame 
ionization detection samples were introduced onto the column 
dissolved in n.hexane, Using the electron capture detection 
samples were dissolved for injection in either n,hexane or 
benzene. 
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Qualitative behaviour 

Retention times of the free steroids, the steroid acetates 

and the steroid chloroacetates were estimated relative to the 

retention time of cholestane, Table 3 shows the results obtai- 

ned with the non-selective SE-30 phase; Table 4 shows the 

results obtained with the selective XE60 phase. On both types 

of stantionary phases the steroid chloroacetates have markedly 

increased retention times as compared to the free steroids and 

the steroid acetates. This behaviour is clearly reflected in 

the Separation factors 
211 and the A s-+-values 22) (SE-30 

phase: mean A RM -chloroacetylation = 
0.46 versus mean As -acetyl..ation 

= 0.16; XE-60 phase: mean AR M-chLoroac&ylation 
= 0.50 versus 

mean A RM -acetylation 
= 0.03). 

The As_,-values for acetylation on the SE-30 phase are in the 

same range as thoseleported by others 
22) 

. On the XE-60 phase 

the estrone acetate and e&radio1 diacetate differ from the other 

steroids acetates in that they have a shorter retention time than 

the free steroids. The ARM r -values for acetylation as well as 

for chloroacetylation of esirone and estradiol are strikingl;y 

smaller than corresponding values for the other steroids that 

were investigated. 

Sensitivity of detection 

Figure 9 illustrates the difference between the sznsitivitg 

of electron capture detection and flame ionization detection fol- 

lowing chromatography of free testosterone, testosterone acetate 

and testosterone chloroacetate. Presumably as a result of the 

presence of the chlorine atom the sensitivity of detection of 

steroid chloroacetates with the flame ionization detector is 

generally a little lower, though in the same order of magnitude 

as the sensitivity of detection of free steroids and steroid- 

acetates. The sensitivity of the electron capture detection of 

chloroacetate derivatives, however, is much higher than the 

sensitivity of detection of the free steroids (Figures 7 and 8) 

and the steroid acetates (Figure 9). 

To obtain an impression about the relative sensitivity of 
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TARBUS 3 

GAS CRROMAT~RAPAIC DATA (6 It I.% SE-30 column) 

Aadroeterone 

R&&i+) retention separation ARMS 

free acetate Cl-?&et. acetate Cl-wet. 
irs. Irea 

aeety1- Cl.-acet- 
ation ylatioa 

0.36 0.47 1.00 1.31 2.78 0.12 0.44 

6:2 

Dehydroepiaadroeterone 0.36 0.53 1.18 1.47 3.28 0.17 0.52 
Btradiol-Me-ether 0.40 0.61 1.28 1.53 3.20 0.18 0.50 
mtrone 0.44 0.62 1.27 1.41 2.88 0.15 0.46 
Eestradbl 0.46 1.00 3.80 2.18 8.30 0.17 0.46 
Teatoeteroas 0.34 0.80 1.70 1.48 3.15 0.20 0.50 
PregafuIolone 0.57 0.90 1.62 1.58 2.84 0.17 0.45 
Pregaaaedlol 0.62 1.36 4.80 2.19 7.65 0.17 0.45 
ZOB-OH-pre&+-en-J-one 0.98 1.28 2.41 1.29 2.52 0.12 0.39 
20~OE-pregs-4-en-3-one 1.05 1.34 2.65 1.31 2.48 0.11 0.40 
cholesterol 1.92 2.71 5.45 1.41 2.84 0.15 0.45 

X) Cholestane m 1 

Retention time choleataae 225'C: 3.4 minutes 

II 9, I, 205oc: 6.8 minutes 

TAELE 4 

GAS CKROMATCGRAPHIC DATA (3 ft 1% XE-60 column) 

Relative retentionx) Separation 
*% 

free acetate Cl-wet. 
acetate Cl-acet -L acety1- Cl-acet- 
free free ation ylation 

Esttadiol-Me-ether 2.39 2.55 8.3 1.w 3.1 0.03 0.54 
Aadrosterone 2.71 2.96 8.3 1.09 3.4 0.04 0.54 
Dehydroepiandrosterone 3.02 3.22 10.9 1.07 3.6 0.03 0.56 
Pregnanediol 3.90 5.10 39.0 1.31 a.8 0.06 0.50 
Pregnamlone 4.01 4.22 13.0 1.06 3.0 0.03 0.51 
Cholesterol 5.10 5.73 16,7 1.12 2.7 0.03 0.52 
Testosterone 6.20 6.60 21.4 1.14 3.6 0.06 0.54 
E&radio1 6.15 5.61 45.6 0.91 7.4 -0.04 0.44 
Estrone 7.50 5.88 17.5 0.79 2.4 -0.10 0.37 
20@-OH-pregn-4-en-3-one 7.80 9.88 29.7 1.27 3.7 0.10 0.58 
20cr-OH-pregn-4-en-3-one 9.22 10.90 33.2 1.18 3.4 0.07 0.56 

xf Cholestane = 1 
Retention time free cholesterol 22O'C: 2.9 minutes 

I. VI ., 9. 205%: 7.0 minutes 

electron capture detection for the different compounds, we 

have arbitrarily chosen testosterone chforoacetate as a refer- 

ence, Solutions of the steroids were chromatographed on a 3 ft 

1% XE-60 column and the observed peak areas on the recorder 
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3 FT 1% XE-60 
ZlO’C 
EC.-detector 

FIGURE 7 
Twl-CCAc 

m 

A. 

lWn0 
TW 
10 

.b 
3 FT 1% XE-60 
2lO.C 

Rag. 
flame-dctrctw 

FIGURE 8 

FIGURE 7. 

Comparative sensitivity of electron capture detection for 
Androsterone CA), Testosterone (Test.), Progesterone (PrOg.) 
and Testosterone chloroacetate (Test-Cl-AC.) following 
gas-liquid chromatography. 
A mixture of 25 nanograms each of androsterone, testosterone 
and progesterone and 5 nanograms of testosterone chloroacetate 
was chromatographed on a 3 %t. 1% XE-60 column; the column 
temperature was kept at 210 C; nitrogen (outlet velocity: 75 
ml/min) was used as carrier gas and argon, containing lC?$ 
methane (outlet velocity: 225 ml/min> was used as purge gas. 

FIGURE 8, 

Comparative sensitivity of flame ionization detection for 
Androsterone (A), Testosterone (Test.), Progesterone (Prog.) 
and Testosterone chloroacetate (Test-Cl-Acct.). 
A mixture of 100 nanograms each of androsterone, testosterone 
and progesterone and 20 nanograms of testosterone chloroacetate 
was chromatographed on a 3 ft. 1% XE-60 column; the column 
temperature was kept at 210'; nitrogen (outlet velocity: 75 
ml/min) was used as carrier gas. 

chart were compared with the peak area of simultaneously chrom- 

atographed testosterone chloroacetate, Results are presented 

in Table 5, We wish to emphasize, that in this procedure no 

corrections were made for losses during chromatography as was 

done by LOVELOCK et al. 23) in a similar type of experiment. 

For each compound, however, several estimations were done with 

amounts varying from l-100 nanograms, Standard deviations of 
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COMPD: TESTosTERoN 

DETECT: E.C. 
CCMPD: TEST.-ACETATE 
DETECT: E.C. 

RI N9 h 
CCMPD: T&T.- CbKETATE 
DETECT: E.C. 

FIGURE 9. 

Sensitivity of electron capture and flame ionization detection 
for Testosterone, Testosterone acetate and Testosterone chloro- 
acetate. 
Chromatography was done on a 3 ft. 1% XE-60 column under the 
condition& described in this paper. The amounts of compounds 
that were chromatographed are given in the figure, 

the peak areas relative to those of testosterone chloroacetate 

varied between 3 and 9%. This indicates in our opinion, either 

that losses of all compounds over a wide range of concentrations 

were proportional to losses of testosterone chloroacetate, or 

that very small or no losses occurred. 

The absolute sensitivity of the electron capture detector 

under the described conditions was such, that 1 nanogram of 

testosterone chloroacetate had a peak area of 2.5 cm2 at an ar- 

bitrary attenuation setting of l/32 of the maximal sensitivity; 

the peak to peak noise level at this setting never exceeded l% 
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TABLE ‘5 

MOLECULAR ELECTRON ABSORBING ACTIVITIES 

M.W. E-A. 

Estrone Cl-acetate 347 lC9 

20!3-OH-pregn-4-en-3-one Cl-acetate 393 102 

Testosterone Cl-acetate 365 100 

Androsterone Cl-acetate 367 78 

2Ca-OH-preen-4-en-3-one Cl-acetate 393 61 

Pregnanolone Cl-acetate 395 40 

Pregnanediol di-(Cl-acetate) 473 38 

Dehydroepiandrosterone Cl-acetate 365 37 

Estradiol di-(Cl-acetate) 425 35 

Estradiol-3-Me-ether Cl-acetate 363 29 
Cholesterol Cl-acetate 463 9 

Progesterone 314 3 
Testosterone 288 1 

Androsterone 290 0.5 

M.W. = Molecular Weight 

E.A. = molecular electron absorbing activity. All values 

are given in peak areas relative to the peak area of 

testosterone chloroacetate = 100. 

of the possible full scale defrlection. 

0,l nanogram (10e9 

For qualitative purposes 

grams) could be detected; at an arbitrary 

attenuation setting of l/4 

height of 0.1 nanogram was 

peak noise level; the peak 

was sometimes, however, as 

tion. 

of the maximal sensitivity the peak 

approximately 3 times the peak to 

to peak noise level at this setting 

high as lQ% of the full scale deflec- 

DISCUSSION 

The main purpose of the present work was the further invest- 

igation of monochloroacetates as stable derivatives of steroids, 

that could easily be prepared and might allow sensitive detect- 
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ion using electron capture following gas-liquid cbro=togrwW. 

me &loroaceixde derivatives are as easily prepared in ma- 

cro amounts (for standardbation purposes) as in micro amounts 24) . 

With the exception of the chloroacetate derivative Of 3@tl?U- 

dibydroxypregn-5-en~one. the stability of the steroid chloro- 

acetates during gas-liquid chromatography appears to be excellent. 

Within the temperature range that we have used for gas chromate- 

graphy of these derivatives (up to 225'C), we have never observed 

indications of decoposition as judged by the observation Of a 

single symmetrical peak without any appreciable **leadi@ or WM.- 

linglt. After several weeks of storage of solutions of steroid 

chloroacetates in methanol. or ethanol at 20°C or 4'C it is, how- 

ever, often possible to detect traces of the corresponding free 

steroids in these solutions. We prefer to prepare solutions of 

steroid chloroacetates in hexane, benzene or tetrahydrofuran; 

even after several months of storage we have never observed the 

presence of free steroids in such solutions. 

One disadvantage of the use of the steroid chloroacetates 

in gas-liquid chromatography might be their relatLve long reten- 

tion on specific columns like an XE-60 column. This makes it 

necessary to operate such columns at relatively high temperatu- 

res, very close to the highest psrmisstile operating temperature 

(22O'C) of the presently available electron capture detectors. 

Consequently, we have routinely operated our 3 feet 1% x13-60 

columns at 22O'C with the electron capture detector at 200~~; 

over a period of almost two years we have never had any indica- 

tion of contamination of the detector, 

The f3enSitiVity of electron capture detection of the steroid 

chloroacetates under the conditions described in this paper was 

good enou h 
8 

to esH.mate them in the order of l-I.0 nanograms 

(1o%o- grams) with adequate precision. Besides in methods 

for the estimation of plasma testosterone 7) and progesterone 8) , 

the chloroacetate derivatives have in our hands axso proved to 

be very useful for the estimation of several other steroids, 

that were isolated in small amounts from plasma an& other 

biological sources, 25) 
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C&XRKANDWOTIZ 26) have reported about the use Of steroid 

heptafluorobutyrates for electron capture detection following 

gas-liquid chro~tography~ Thfs derivat&ve %eem% to combine 

a high volatility with an excellent Sen%itiVity, which will 

permit the detection of steroid% in amount% of 10 -9_1,-10 

gr%Ul%28), 

I$% have encountered several difficulties with the prepara- 

tion and application for gas-liquid chromatography of some deri- 

vatives that might be expected to capture electrons, For exam- 

ple, the preparation of steroid trichloro- and pentachloro- 

pheaylhydrazones on a milligram scale was unsuccessful and the 

volati.lity of steroid dinitrophenylhydrasones and thiosemicar- 

baeones is too low to permit gas chromatography at reasonable 

temperatures (maximum 25O'C) within a time (30 minutes) useful 

for routine analytical purposes 291 . 

Finally, the usefulness and application of any steroid 

derivative for quantitative analytical purpose6 following gas- 

liquid chromatography may eventually not be limited by deteo- 

tor sensitivity alone, Other factors (adsorption onto glass 

or columns, contaminations, etc.1 inherent with the handling 

of nanogram or subnanogram amounts of steroids, may well prove 

to raise more serious problema than detector sensitivity, 

The authors are indebted to Dr. A.C. BROWNIE, Buffalo N.Y., 

for his help with linguistic problems during preparation of the 

manuscript. 
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