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Numerous methods are known for the detection of steroid spots on paper chromato- 
gram&-“. Most of them involve the formation of colored products through reactions 
between the spray reagents and certain functional groups of the steroids. These 
methods could obviously serve not only the purpose of detecting the steroid spots, 
but also of demonstrating the presence of those functional groups. During our studies 
on the microbial conversions of steroids, it has been considered highly desirable that 
reagents for demonstrating those functional groups for which detection methods have 
so far been lacking can also be made available. Quite a few new reagents have since 
been found suitable for such purposes and are reported here as well as in subsequent 
papers. 

As will be discussed more in detail below, the use of z,4_dinitrophenylhydrazine 
for the detection of steroid ketones has not produced entirely uniform results among 
different workers. A study on the effectiveness of these known methodswas therefore 
undertaken, leading to the development of two procedures which were shown to be 
applicable to all types of steroid ketones. Description of these two procedures will 
constitute the first part of the present report. 

STEROID KETONES 

While the detection of d*-3-ketones by U.V. scannin@s6 and of I7-ketones by the 
Zimmerman reaction* have been widely adopted, the use of z,+dinitrophenylhydrazine 
(DNPH*) for detecting steroid ketones in general produced rather variable results. 
AXELROD~B', using a reagent in aqueous HCl, recognized it as specific for 3-ketones, 
while SAVARD~ used virtually the same reagent for the detection of 3- and zo-ketones. 
REINEKE~ and KOCHAICIAN ANDSTIDWORTHY~O useda reagentinanacidifiedalcoholic 
solution and concluded that a 3-ketone is the most reactive while the reactivity of .a 
zo-ketone is affected by neighboring groups. Both REINEICE~ and NEHER~ recogniied 
an order of sensitivity among different steroid ketones toward DNPH with I7-ketones, 
a-ketols and Al,* -3-ketones as the least reactive. 

While testing these reported procedures, it was recognized that the low sensitivity 
of a x7-ketone or an cc-ketol is not due to the difficulty with which these ketonesform 

* z,4-Di~itrophcnyll~yclraeine is abbreviated as DNPI-I throughout this paper. 
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hydrazones * , but rather to the fact that their light yellow colored hydrazones are not 
well distinguished from the yellow background (DNPH color). -4s will be described 
below, tihen the background color is efficiently washed off, practically all steroid 
hydrazones become readily discernible spots, I r-ketones being an exception. 

Neher’s washing ~rocedwe 

NEHER’S “unpublished procedureJJzl was found very effective for washing off the back- 
ground color. Since he did not describe the details, the procedure used in the present 
study is given below: 

After the steroids are chromatographed with proper solvent systems (cf. Table I), 
the dried papergram” * is drawn through a solution prepared by dissolving 3 g DNPH 
in go0 ml methanol containing 3 ml cont. HCl. After being heated at go0 for 5 min, 
the strip is drawn back and forth four times through 2 N aqueous NaOH and then 
through water until most of the dark purplish color is washed away. The washing is 
repeated ,with 2 N aqueous HCl and water. 

The data from this experiment are presented in Table I. The d”-3-ketones appear 
as orange and dls 4 -3-ketones appear as deep yellow spots immediately after heating. 
The background becomes light yellow after washing and all steroid ketones, including 
3-, 17- and zo-ketones become readily discernible yellow spots. Substitutions at 17- 
and ar-positions with hydroxyl or acetosyl groups do not affect the “sensitivity” 
of the ao-ketones. 

Since in this procedure the background is not free from the yellow DNPH color, 
steroid ketones forming very light yellow hydrazones will remain undetectable. The 
hydrazones of the “hindered” 3-ketones of the triterpenoid series, such as the chromic 
acid oxidation products of eburicoic acid and lanosterol (cf. ref. II) were found to be 
of this type. Of course, other explanations of their undetectability might also be 
possible. For these ketones, the following procedure was found effective. 

The dried papergram is placed in a shallow dish and flooded with a reagent prepared 
by dissolving.1 Q of DNPH in IOO ml cone. HCl with warming and diluting to I 1 
with water. One hour later, the strip is washed first with G N IICl once and then four 
times with water. The background becomes almost colorless. 

This procedure was developed for the following reason: The reaction between 
DNPM and the hindered 3-ketones is slow, while it is hard to wash off the DNPH 
from the paper after complete or partial drying, Immersion in the aqueous DNPH 
reagent for one hour permits the completion of the reaction, yet keeps the paper wet. 
As will be expected, most steroid ketones can also be detected by this procedure. 
However, it was shown that a zo-ketone flanked by hydrosyl or acetoxyl groups on 
both sides failed to give a positive test. It is not known whether this is due to the 
interference by the substituent groups or to the fact that those hydrazones are easily 
washed off the paper. 24 Ais4 -3-ketone also fails to respond to this test. 

The data from this experiment are also presented in Table I. It can be seen that 
as a general detection method for steroid ketones, NEHER’S procedure proves effective. 
When a, hindered 3-ketone is suspected, the washing procedure for aqueous DNPH 

t 1 f,-I.-Dinitrophcnylhydrazonc is abbreviated as “hyclraaone” throughout this paper. 
LAPPARONI type papergrams are dried in a IOOO oven equipped with a forced air draft system. 
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TABLE I 

DEhlONSTRATION OF STEROID KETONES WITH 2,4-DINITROI’HENYLHYDRAZINE REAGENTS 

Nclrcr’s mctllod DNPH itr 
Cotnfiounds St?lrcLtcrc tested Bcjorr: 

a+ NC1 
A jtcr fillCS 

wuslriwg washi*rg waslrirrg 

3-I&to-d”-pregncn-20/?-01 A*-3-ketone 
5a-Pregnane-3,20-dioneb 3,20-dione 
ga-Cholestan-3-on& 3-ketone 
Prcgnenoloneb 20-ketone 
Androstcroneb 17-lcctonc 
Dehydrocpiandrosterone 17-ketone 

acctateb 
3,8,21-Dihydrosy-d6-prcgncn- 

20-onea 20-one-2 I-01 
2 I -Acetoxy-5cc- 

prcgnan-20-onea 2 I-acctoxy-oo-one 
38, I 7a-Dihydrosy-gc+ 

pregnan-20-onea 17cc-ol-ao-one 
3/l, I 7cc,2 I -Trihydrosy- 

db-pregnen-20-onea I 7oe,2 I -dial-no-one 
3p, I 7a-Dihydroxy-2 I - 2 1 -acetoxy- I 7a- 

acetoxy-5a-pregnane-1 I ,ao- ol-20-one 
dionca 

3a, I IP, I 7a, 2 1 -Tetra-liyclrosy- 
.$-prcgnan-ao-onea I 7a,z I-diol-2o-one 

n l-Testololactone~ ./l lo ‘I-3-ketone 
d1-Cortexoloneb d1~“-3-lcctone 
3-Keto- 17a-hydroxy-Al*“- 

etiadienic acicld .4ll*-3-ketone 
/1”. 24 -Lanostadien-j-one= 4a,4@-dimethyl-3- 

one 
/_18.2@s)-Ergostadien-3-one- 4a,4B-dimethyl- 

2 I-oic acid= Q-one 
Pregnan-I I-one;’ (tested by direct 

spotting) 

TPG 
MCHC 
I<P 
TPG 
MCI-IC 
MCI-IC 

e-7.5 OR OR 
0.52 - Y 
0.45 - Y 
0.75 - Y 
0.14 - Y 
0.05 - Y 

OR 
Y 
Y 
Y 

=: 

Y 

Y 

- 

- 

- 

- 

TPG - Y 0.32 

MCHC 0.83 - Y 

o. 16 - Y TPG 

- Y 

- Y 

I-ITMW 0.23 

HTMW 0.2 7 

- Y CMW 0.63 
TPG 0.46 
HTMW 0.24 

Y-OR Y-OR 
Y-OR Y-OR - 

- 

Y 

Y 

- 

CM.4 0.20 Y-OR Y-OR 

ICP o.s3 

BEPEG 0.42 

- - 

TPG = toluene/propylene glycol system * ; MCHC = methyl cyclohexane/carbitol system* ; 
ICP = Iterosenc/2-phenoxyethanol system4 ; ,CMW = chloroform-methanol-water (2 : I : 2) by 
TUZSON’s technique 12 ; CMA = chloroform-methanol-1 AT NH,OI-I (I : I : 1)1l; BEPEG = n-butyl 
ether-pipericline/ethylcne glycol-piperidine system11; I-ITMW = BUSH B-T, system at 37O, 
n-hcsanc-toluene-methanol-water (5 : 5 : 7 : 3)*. Y = yellow; OR = orange ; Y-OR = deep yellow. 

;L From U.S.P. reference standards. 
b From Squibb steroid collection or commercial sources. 
c Chromic acid oxidation products of lanosterol and cburicoic acid by. microchcmical techniques 

(see rcfs. I I, 13). These compouncls are not isolated and the major spot IS regarded as representing 
the compounds listecl. 

CI Periodate oxidation product of Al-cortexolonc by the same microchemical techniquer1*13. 

reagent must be resorted to, Although no attempt has been made to correlate the 
hydrazone color with the structure of the steroid ketones, it is to be noted that a d4-3- 

ketone forms the well known characteristic orange hydrazone by either procedure. 
The sharp contrast between the results obtained by applying these two procedures to 
a dls”-3-l<etone spot is, however, remarkable (cf. Table I), A yellow-orange hydrazone 
is produced with NENER’S procedure while a virtually negative result is obtained 
with aqueous DNPH. Such a treatment could very well be used as a characteristic 
test for adI9 *-3-ketone in the absence of other ketone groups. An Ir-ketone is known 
to be inert and does not respond to the DNPH reaction by either procedure. 

J. Clwomatog., 8 (1962) 449-456 
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It should also be mentioned in this connection that for applying the washing 
techniques, it is more convenient to use the small scale paper chromatogram as 
described by UNDERWOOD AND ROCICLAND~~ as well as in another publication from 
this laboratoryll. 

Dee;henimg of the lzydraxove color 

After either washing procedure, the light yellow hydrazone spot can be made more 
conspicuous by either of the following two procedures: 

(a) Dip the dried paper strip in I N alcoholic NaOHr6. The spots become dark 
reddish-brown on a light violet background. 

(b) Dip the paper strip in I y. SnCl, solution in I N HCl. Allow the strip to air 
dry for one hour. Spray with a reagent containing 500 mg of p-dimethylamino- 
benzaldehyde and I ml of cont. HCl in IOO ml of 95 y0 ethanol16* 1’. The spots become 
deep orange-brown on a light pink to brown background. 

STEROID ALCOHOLS 

By means of the methods developed for detecting steroid ketones, a steroid alcohol 
(secondary) which contains no ketone groups can naturally be detected by oxidation 
to a ketone with chromic acid directly on a papergram (cf. ref. IS). AXELROD described 
such a method’. However, the filter paper after treatment with chromic acid generates 
some lcetonic compounds which form yellow hydrazones with DNPH. If the steroid 
ketone produced by oxidation forms orange hydrazone, AXELROD’S method. will offer 
a ready means for its detection. For those steroid alcohols from which the ketones form 
only yellow hydrazones, the spot cannot be differentiated from the background. The 
procedure described below can solve such a problem. 

A part of the papergram bearing the spot of a steroid alcohol is sprayed with a 
reagent containing 5 mg of CrO, and S mg of cone, H,S04 per ml of 95 o/o acetic acid, 
while the other part of the paper strip is covered with a piece of cardboard as shown 
by the diagram of Fig. I. One hour later, when the chromic acid is completely consumed 

I 

B 

1 

Fig. I. Detection of steroid alcohols by direct chrotnic acid oxidation. 0 = origin; S = spot of a 
steroid alcohol; S’ = ketone spot detected ; Fr = front of I : I McON-CI-ICI, irrigation. (I) Area 
ABFE is sprayed with a CrO, reagent while area EFCD is covered with a cardboard. (II) The paper 
strip is rolled to form a cylinder and irrigat’ed with I : I MeOI-I-CI-ICI, in the direction of the arrow- 

head. (III) Treat the area EFCD with DNPH reagent, with ar’ea ABFE cut off. 

J. Cilromutog., S ‘(rg62) 449-456 
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by the paper, the strip is rolled to form a hollow cylinder and placed in a jar containing 
a shallow layer of a I : I mixture of methanol-chloroform in the same manner as the 
development of an ascending chromatogram, as described by WILTJAMS AND I<IRBs~~. 

The ketone spots now move with the solvent. front. The dried strip is then treated 
with DNPH as described above. A yellow hydrazone spot in the solvent front would 
indicate the presence of an alcohol spot on the original papergram (see Fig. I), 

For paper-grams developed with ~AI?PARONI type systems, it was found necessary 
to wash the hot air dried paper chromatogram with water to completely remove any 
residual non-volatile solvent l . Washing by descending solvent flow as in chromatog- 
raphy was found more efficient than washing by rinsing. By the use of this technique, 
positive results were obtained with cholestanol and lanosterol on paper-grams developed 
with a kerosene/z-phenosyethanol system* * ‘*~2”--12, desosycholic acid on a chloro- 
form-methanol-1 N NH,OH system (I : I : 1)l1 and eburicoic acid on a +z-butyl ether- 
piperidine/ethylene glycol-piperidine system ll. Although all these compounds tested 
are 3-01.5, the method could be applicable to other steroid alcohols provided inter- 
fering groups are absent. 

It should be noted that even after washing, there is always a narrow band of 
DNPH positive material present at the front of methanol-chloroform irrigation. 
This does not interfere with the test as the steroid ketones appear as outstanding spots 
easily differentiated from the band (see Fig. I). 

3IETHYL KETONES 

Steroids with an acetyl side chain undergo reactions characteristic for a methyl 
ketone. Although the well-known iodoform testz3 works well in test tubes, it is not 
easily adapted to the cletection of a steroid spot on a papergram. Another characteristic 
reaction, involving the use of sodium nitroprusside and Na,CO,, was originally devel- 
oped for water soluble methyl ketonesz4. STANLEY AND T.41;~ recently modified the 
reagent so that it becomes applicable to water insoluble methyl ketones”‘. It was 
found that this moclified method not only works well with steroid methyl ketones in 
test tubes but can be adapted to their detection directly on a papergram. The detailed 
procedure is as follows: 

Mis intimately in a shallow dish: G parts (by wt.) of powdered sodium nitro- 
lxusside, IOO parts (by wt.) of anhydrous Na,CO, and IOO parts (by wt.) of ammonium 
acetate. Add enough methanol to make a thin paste and spread the paste uniformly 
over the bottom of the dish. Lay the dried papergram upon the paste. There should 
be no visible excess liquid when the paper is thoroughly wetted. For a 7 in. x 12 in. 
dish, use approsimately 2. 4 g of sodium nitroprusside, 40 g of Na,CO,, 40 g of am- 
monium acetate and 30-35 ml of methanol. Cover the dish with a metal or glass plate 
to reduce evaporation and set it aside for I 11. Methyl ketones appear ;LS deep violet 
spots on an almost colorless background. A 5 y progesterone spot occupying an area 
of I cm2 can be readily detected. 

* This washing technique is applicable only to highly ,non-polar steroids, e.g. cholesterol or 
cburicoic acid. Marc polar steroids are washed off the paper by water and the present test is appli- 
cable only after they are chromatographccl on the BUSH type systems. 

** This is csscntially the n-licptane/:!-phenosycthanol system. Marc satisfactory results were. 
obtained by substituting keroseni: for n-hcptanc. 
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Different steroidal methyl ketones were tested with this method and the results 
are summarized in Table II. It can be seen that steroids which are not methyl ketones 
all fail to show the characteristic color, while all methyl ketones were positive, in- 
cluding progesterones variously substituted with hydroxyl- or oso-groups. The only 
exceptions are IGCC, 17cc-dihydroxyprogesterone and its acetonide, both giving very 
weakly positive results, and 16-0x0- and AlG-progesterone which completely fail. 
These exceptions are understandable on the ground that the methyl ketone structure 
is severely influenced by the neighboring substituents. 

TABLE II 

METHYL ICIZTONE ‘I’BST 

Cow~oullds~ S~tbstitamt groil~s Il'cslllts 

-- 

j (cc or p) -Prcgnane- 
g,zo-dionc 

Progesterone 
Progcstcronc~ 
Progesterone~ 
Progestcronc~ 
.Progesteroneb 
Pregnenolonc 
A-Norprogcsteroncc 
Progesterone 
Androsteneclione 
Testololactor@ 
Testosterone 
Progesterone 
Pregnenolone 
Progesterone 

=jcc-l?regnanc-gcc,:!occ-diOlcl 

none 
-0IIat GP,I~,7a,Ira,.~lS,Iaoe, r5a816x,17a 
16a, I 7cc-cli-01-I 
160c, I 7x-di-01-1, acetonicle 
oso- at 6, II, 12, 15, 19 

2 I-0I-I 

T 
z 
: + + 

-c 
-,? 

Ll lo-, 16-0~0 
d'L 
I Gee, I ya-osido 

= The compounds used in these tests, besides those specikcl lxdow, were obtainccl commercially. 
t These stcroicls are from tlic Squibb steroid collection, mostly conversion products by micro- 

organisms. 
c Syntlicsizecl by \VEISEXBORN AND APP~EGATE~~. 

~1 TJ.S.l?. rcfercncc standards. 
(? Thcsc compouncls appear as tan colored spots. The test is consiclerccl ncgativc. 

It sl~oulcl be noted that I&, 170c-osidoprogesterone gives a strongly positive test 
although the color is dif-ferent- deep green-blue instead of blue-violet. Since ,dlO- 
progesterone can be readily converted to I&, Iycc-oxidoprogesteronc by alkaline 
hydrogen peroside?0, the following procedure has been developed for showing the 
dlQo-one structure. The dried papergram is sprayed with a reagent containing 
1.2 ml 30 o/0 H,O,, 0.2 ml 6 AT KOH in 20 ml methanol. The sprayed strip is im- 
mediately suspended in a closed jar containing some of the reagent on the bottom for 
L+ 11 at room temperature. It is then air dried and tested with the method given above. 
Both dr6-progesterone and Ala-pregnenolone appear as deep green-blue spots. It is 
obvious that a spot becomes diffuse on the alkaline H,O, treatment. For spots which 
are already quite diffuse, it was found necessary that they be eluted and respotted 
on a piece of, filter paper before applying the alkaline l&O, reagent. 



DEMONSTRATION 01; STElZOIDAL FUNCTIONAL GROUPS. I. 455 

SECONDARY iWETHYL CARBINOLS 

From the methods described above, it is clear that a secondary methyl carbinol can 
also be demonstrated by the procedure describecl above for steroid alcohols. The methyl 
ketone test instead of the DNPH treatment after the irrigation with I : I methanol- 
chloroform is applied. Such a procedure has been shown to work satisfactorily for a 
spot of gee (or /3)-pregnant-$?,a0 cc-diol or zap-hydroxy-d”-pregnen-3-one on a paper- 
gram of toluene/propylene glycol system. No washing of the papergram is necessary as 
methyl ketones are not easily generatecl from common solvents or impurities in the 
filter paper. 

DISCUSSION 

It is clear from the description above that these tests clefinitely can serve the purpose 
of detecting spots on papergrams as well as demonstrating the presence of certain 
functionalgroups. When spots are detected by other more convenient means, such as 
U.V.-scanning for an”-3-ketone or phosphomolybdic acid l1 for most steroids, the tests 
described here can be used just to reveal these functional groups. For this purpose, 
often a sliver of the spot is enough for a test. Of course, it sl1ould be cautioned that 
the use of a sliver is not recommended for testing ‘a steroid alcohol, including the 
secondary methyl carbinol, because the solvent front always shows a positive test. 

It is obvious that the metlzods for ketones are generally applicable regardless of 
the presence of hydroxyl-groups. The method for an alcohol is applicable only when 
the compound contains no pre-existing ketone groups and the chromic acid osidation 
product is a ketone. For naturally occurring steroids, only the 3-hydrosyl-group of 
sterols and related compounds meets these requirements. 

It is always advisable to test a known compound which will give a positive 
result ancl another which will give a negative result as controls when an unknown is 
being tested with the methods reportecl here. 

SUMMARY 

Simple and effective methocls are developecl for detecting or demonstrating: 
I. -4 steroid ketone spot on a paper chromatogram by applying a z,4-dinitro- 

phenylhyclrazine reagent wit11 subsequent washing. 
3. A steroid alcohol by direct chromic acid osidation on tl1e paper, permitting the 

ketone produced to migrate out of the area sprayed with chromic acid and detecting 
the ketone formed with z,4-dinitrophenylhydrazine. 

3. A methyl ketone wit11 a sodium nitroprusside reagent. 
4. A secondary methyl carbinol by clirect chromic acicl oxidation and detection 

of the methyl ketone formed. 

REFERENCES 

1 A. ZAFFARONI, Reced P~ogv. in Hovnlo~te Research, S (I9.53) j 1. 
2 I<. SAVARD, Recent P~ogv. igz iclon?$o?ze Research, 9 (‘rg.j4) 1S.j. 
3 I. B. BUSH, Recent P~ogr~. 2~ Hornzom Research, 9 (19~4) 321. 
.1 IL NEHIZR, J. CJbromatog., I (1937) 20~ ; CI~onaalogmph~ic Rev,iews, Vol. 1, Elscvier, Amster- 

clam, 19.59, p. 140. 
6 TV. J. HAINES AND N..4. DRAKE, Federatio~~a Proc., 9 (Tgsr) 180. 
a L. R. .\SBLROD, J. Biot. C%W.%, 205 (1953) 173. 

J. Chvour2nlog., s (1962) 449-456 



456 S. C. PAN 

7 1;. R. AXELROII AND J, E. PuLLIAnf, Anal. Chem., 32 (1960) 1200. 
8 K. SAVARD, J. Biol. Chem., 302 (1953) 457. 
o L. M. RIXNEICE, A?zad. Chenz., 28 (1956) 1’8.53. 

10 C. D. KOCHAKIAN AND G. STIDWORTHY,J. Hiol. Clzenz., I99 (Igja) 607. 
11 S. C. PAN, A. 1, LASICIN AND P. I?RINCIPE, J. C?wonzatog., 8 (1962) 32. 
I2 J. TUZSON, i'Va&Ye, 184 (1959) 1937. 
I3 S. C. PAN, Anal. CItem., in the press. 
14 J. C. UNDERWOOD AND L. B. ROCKLAND, A?zuZ. CJum., 26 (1954) 1553. 
It I?. DOBINSON, ZVut~~~?e, 183 (1959) 675. 
IO P. CORRIZALIZ AND I. CORTZSE, Nat?.Lrwiss., 40 (19.53) 57. 
l7 S. C. PAN AND D. PXRLMAN, Anal. Chef%, a6 (1954) 143z. 
Ia D. KUPPER, E. FORCHIELLI, M. STYLIANOU AND R. I. DORlwAN, J. Chromalog., 4 (1960) 500. 
10 R. J, WILLIAMS AND I-1. KIRBY, Scieme, 107 (1948) 481. 
00 R. NEHER ANU A. WETTSTEIN, Nelv. C?zim.ncta, 35 (195s) 276. 
sl I?. J. LOOMIXJTER AND G. M. LUINGE, J. Chromatog.. I (1957) 179. 
22 I?. KABASAICALIAN AND A. BASCH, AFtal. Chem., 32 (1960) 458. 
O3 L. F. FIISSER AND M. FIESER, Sleroids, Reinhold, New York, 1959, p. 453. 
24 I?. FIZIGL, Spot l'ests i~z Orgu~zic Awalysis, 5th Eel., Elsevier, Amsterdam, 1956. 
26 I?. W. WEISENBORN AND IX, E. APPLEGATE, J. Am. CJtem.Soc., 89 (1959) 1960. 
?a P. L. JULIAN, E. W. MEYER, W. J. KARPEL AND I. R. WAI.LER, J. Am. Chew. Sot., 72 

(1950) 5 145. 
27 T. W. STANLEY AND R. A. TAFT, Ckemis~rl?z&& 47 (1958) 91. 

J. ChYOmatOg., S (196~) 449-456 


