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Abstract-The effect of acetic acid concentration and temperature on the rates of Gimrd-T hydrazone 
formation of steroid ketones in methanol have been determined, as well as their effects in the com- 
pleteness of reaction. The large differences encountered were used to effect selective reactions. 
Reaction between cholestenone and Guard-T reagent in isopropanol apparently gave a dihydrazide 
(I). The rates of hydrolysis of the hydrazones at both low and high acidity also showed significant 
differences. 

THE Girard-T reagent (trimethylammonium acetohydrazide chloride, Me&H&O 
NHNH,CI-) was first introduced by Girard and Sandulescol for the separation and 
purification of steroid ketones and has since been repeatedly used for this purpose.2 
They established that the rate of formation of the Girard hydrazones is greatly in- 
creased by adding acid, cyclohexanone reacting with Girard-T reagent in a few minutes 
in methanol containing acetic acid, but taking several hours to react in the absence of 
acid. They also established from qualitative experiments the order of reactivity of 
ketones of methylalkyl > alicyclic > methylaryl > diary& but no data have been 
published on the rates of reaction of various steroid ketones. Recently it has been 
shown that the Girard-T reagent can be titrated iodometricaIly3 and this method has 
now been applied to a study of the reactivity of steroid ketones. 

TABLE 1. EFFECX OF ACT ON GIRARD-HYDRAZONE FORMA~ON* 

Ketone M AcOH k, x 10’ 
1. mole-l set-l 

KB x 10s 
moles I.-* 

Cholest4en-3-one 
Cholest4en-3-one 
Cholestkn-3-one 
ChoIest4en-3-one 
Cholest-&en-3-one 

Cholest&n-3-one 

Cholest4en-3-one 

Ergost-8( 14)+x-3-one 
Ergost-8( 14)-en-3-one 
Estrone methyl ether 
Estrone methyl ether 

- 
0.2 
1.0 
2.5 
. 

(O-2 M ‘:aOAc) 
. 

(aP& 

(a: &) 
0.2 
1.0 
0.2 
1-o 

090 
2.8 
5.4 
5.5 

0*;3 
0.35 
2.1 

4.6 o-92 
4.6 0.88 

14.0 b 

25 0.55 
54 0.94 
2.0 l-5 
9.5 2.5 

= In methanol at 25 f 1”. 
b Not determined. 

l A. Girard and G. Sandulescq Helv. C&z. Acta 19,1095 (1936). 
* 0. H. Wheeler, Chem. Reo. in press. 
a 0. H. Wheeler, V. S. Gaind and 0. Rosado, 3. Org. C&m. 26, 3537 (1961). 
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Cholest-4-en-3-one reacted very sIowly in methanol at 25” in the absence of acid 
(Table I). The rate was greatly increased by adding acetic acid and the reaction was 
complete (at OX)02 M ketone) with up to l-0 M acetic acid. Increasing the amount of 
acid (to 2.5 M) further increased the rate but the reaction was incomplete since the 
reverse reaction of hydrolysis was catalyzed by strong acid (see below). The rate at 40” 
(in 0.2 M acetic acid) was only l-6 times that a 25” corresponding to an energy of activa- 
tion of 6.2 kcaljmole. The reaction was moreover incomplete at the higher temperature, 
showing that the overall reaction was exothermic and suggesting that there is little 
advantage in heating the solution to form the Girard-hydrazone. Increasing the con- 
centration of acid gave similar results with ergost-8( 14)-ene-3-one and estrone methyl 
ether (a 17-ketone). The addition of sodium acetate, in the case of cholestenone, 
reduced the rate of reaction since it effectively reduced the acidity of the solution. 

The rates of reaction of a series of steroid ketones in O-2 M acetic acid-methanol 
at 25” (Table 2) established the order 3 > 6 >> A4-3 - 7 - 17 > 20 > 12 > 11. 

TABLE 2. G IRARD-HYDRAZONE FORMAlION OF SI-EROID KETO- 

Ketone k, x IW 
I. mole-l set-l 

KH x 1cP 
moles 1.-l 

Cholestan3-one 43 
Ergost-8(14)-en-3-one 25 
Cholest&n3_one 2.8 
CholestanAone 15 
Cholestan-7-one 2.2 
ll-Ketotigogenin 0.015 
Hecogenin* 0.47 
Botogenin acetateb 0.75 
Androstan-3/I?-ol-17-one 1.9 
Estrone meth 

d 
1 ether 2.0 

FregfA-en-3 -ol-2O-one 0.92 
Pregn-5-en-3/%ol-2O-one acetate 1-O 

0*56 
o-55 
0.33 
0.62 
4*4 
6.8 
5.5 
6.6 
l-5 
l-5 
2.0 
l-9 

0 In methanol, O-2 M acetic acid at 25 -C 1”. 
* 12-Ketone. 

The overa difference in rate was a factor of 2900, with differences of 60 and 30 times 
between 3-, and 20-, and 3- and 17-ketones. The very slow rate of reaction of 1 l- 
ketones explains the fact that these ketones do not react with Girard-T reagent and 
appear in the “non-ketonic” fraction in Girard separations.a 

The hydrolysis constants for Girard-T hydrazones (K,l = [reagent][ketone]/[hydra- 
zone]) were calculated (see Table 2) after the solution had reached equilibrium. These 
constants were relatively small for 3-, A4 -3- and 6-ketones (KH ca. 0.5) indicating that 
they react nearly completely, moderately large for 17-ketones (KH ca. 1 l 5), larger for 
20-ketones (KH ca. 2.0) and much larger for 7-, 12- and 1 I-ketones(KH 4-7). These data 
indicate that a Girard extraction should be complete for 3-, 6- and A*-3-ketones, less 
complete for 17- and 20-ketones and incomplete for 7-,12- and 1 l-ketones. A recent 
report4 has stated that Girard-T separations were only complete in the case of 17- 
ketosteroids (3-ketones were not considered) and that the introduction of other keto 
groups or double bonds decreased the effectiveness of separation. 

4 L. P. Hansen, Absrruc~~, 138th meet@ AmerfcM Chemiccll Socieiy p. 57~. New York (1960). 
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The mechanism of Gira.rd hydrazone formation must involve at least two steps 
(1 and 2 below) apart from proton-transfer reactions5 Both these steps may be rate 
determining, but the overall reaction showed. 

> 
- + NH& =: X 

N+H,R VI 
NHR 

xhH +-NY+ I-& (2) 
I 

second order kinetics and step (1) is probably the slower of the two. In this case the 
rates of reaction would depend on the steric approach of the reagent to the carbonyl 
carbon atom (apart fromthe intrinsic difference between 6- and 5-membered ring 
ketones). The order of the rates of Girard-T formation was in fact very similar to that 
found in the rates of reduction with borohydride ion (3 > 6 > 7 > A4-3 > 12 > 17 > 
20 > 1 1),6 a reaction which also involves a change in co-ordination number of 3 to 4. 
The overalI differences in rates of borohydride reduction were however smaller (ratio 3 
to 11 ketone 800/l for borohydride reduction). The extent of Girard hydrazone for- 
mation will depend on the relative ease of accommodating the ketone carbonyl group 
and the much bulkier hydrazine grouping at a certain ring position. The order of 
hydrolysis constants (A4-3 - 3 < 6 < 17 - 20 < 7 - 12 - 11) was in accord with 
this since the hindered 7, 11 and 12 positions showed the lowest degree of hydrazone 
formation. The order of dissociation constants of cyanohydrins (7< 17< 3 < 6 < 
A4-3 < 20)’ was necessarily different since this reaction involves a change in co-ordina- 
tion number of 4 to 3 and is sensitive to ring angle effects. A brief study of steroid 
oxirne formation8 gave the order of rates and extents of formation of 3 > 4 - 6 > 7 
for cholestanones in agreement with that found here. 

The large differences between the rates of reaction of 3- and 17-, and 3- and 20-keto- 
nes have been used to effect selective reactions at the 3-position. Thus a mixture of 
choIestan3-one and estrone methyl ether was treated with one equivalent of Girard-T 
reagent in O-2 M acetic acid in methanoI, diluted with water and the unreacted estrone 
methyl ether extracted in 94per cent yield. Acid hydrolysis of the aqueous solution lib- 
erated cholestanone in 90 per cent yield. Allopregnan-3,20-dione was reacted with one 
equivalent of Girard-T reagent in acid-methanoI solution to form the 3-mono-hydra- 
zone. The acid was neutralized and the 17-keto group reduced with sodium boro- 
hydride in methanol and the resulting solution hydroIysed with acid to give allo- 
pregnan-20B-oI-3-one. This compound has been previously prepared’ in 5 steps from 
allopregnan-3,20-dione. In a kinetic experiment it was shown that the rate constants 
for hydrazone formation of the 3 and 20 keto groups in the diketone were 37 x 1O-a 
and 2.4 x 1O-2 mole-l set-l, respectively. 

6 G. H. Stempel Jr. and 0. S. Schaffel, J. Amer. Chem. Sot. 66, f 158 (1944). 
l 0. H. Wheeler and J. L. Mateos, Canad. J. Chem. 36,1049 (1958); 1. L. Mateos, J. Org. Chem. 24, 

2034 (1959). 
‘* 0. H. Wheeler and J. L. Mateos, Canad. J. C/rem. 36,712 (1958); h 0. H. Wheeler and 0. Rosado, 

J. Org. Gem. 26, 3016 (1961). 
* J. Dbcombe, R. Jaquemain and J. Rabinovitch, Bull Sot. Mm. Fr. 447 (1948). 
o M. Rubin, H. Wishinsky and F. Bompard, J, Amer. Chem. Sot. 73, 2338 (1951). 
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Experiments were also carried out in isopropanol in which inorganic salts are 
sufficiently soluble to prepare buffered solutions (Table 3). The rates of reaction were 

TABLE 3. G~~-HY~~oNE FORMATION IN I.SOPROPANOL= 

k, 
1. mole” set-1 

Erg&-8( 14)~n-3~ne l-01 140 
ChoiesM-en-3-one 0.22 200 
Cholestan&one 0.30 125 
Androstan-3/I-ol-17-0~ 0.24 120 
Es&one methyl ether 0.23 110 
A~lopre~-7~n-3-01-2~ne 0.37 120 
Pregn-5-en-3&ol-20-one acetate 0.43 140 

‘A Reaction 

*At 25 f lo, pH 3.5 (saturated KC1 + HCl) 

very much faster but the diKerences very much less than those in methanol. Moreover 
the second order rate plots deviated from linearity after less than 50 per cent reaction 
and all ketones reacted with more than one equivalent of Girard-T reagent, up to 2 
equivalents in the case of cholest-hen-3-one. In this case hydrolysis of the solution 
liberated 100 per cent of the Girard reagent as determined by titration and 90 per cent 
of the ketone on isolaticm. The ultraviolet spectra of the Girard-T hydrazone of 
cholest-hen-3-one in me~anol was normal (Lax 280 mp, E 15,700; cf. its semicar- 
bazone Amax 273 rnp, (i: 26,300 in ethanoP). However the reaction product of this 
ketone and Cirard-T reagent in isopropanol had no maximum above 210 rnp. It is 
unlikely that addition of the second equivalent of Girard reagent had occurred at the 
double bond since the Cirard-T hydrazones of saturated ketones have maxima at 
230-240 rnp,1l and moreover the saturated steroid ketones also reacted with more than 
one equivalent. 

The product formed with cholest-4~en-3-one most probably had structure I. 

Attempt were made to isolate the compound by evaporating the neutralized solution 
at reduced pressure, extracting the residue with warm methanol and re-evaporating. 
The oily residue could not be recrystallized. Its infrared spectrum indicated the pre- 
sence of amine and amide groups and of the C==N ~ouping. Its ultraviolet spectrum 

0 ,n8X 277 rnp, F 6,250) indicated that partial decomposition to the normal hydrazone 
had occurred. 

The selective hydrolysis of Girard-T hydrazones has been used to separate cc& 
unsaturated ketones from saturated ones. 2 This is usually carried out by reducing the 
pH, when the saturated 3-ketones (allopregnane group) are first liberated, the A*-3 
ketones (cortisone group) only being hydrolysed at low PH. The rates of hydrolysis 
of the Girard-T hydrazones were measured by reacting the steroid ketones with an 

I* H. Reich, F. E. Walker and R. W. Collins, 1. Org. Chem. 16, I753 (1951). 
ll J. R. Young, J. Chem. Sot. 1516 (1955). 
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excess of Girard reagent in 0.2 M acetic acid in methanol for 24 hours and then 
lowering the pH to 1.5. The first order rate plots were then caIculated from the 
amount of Girard-T reagent liberated in the hydrolysis (Table 4). The corresponding 

TABLE 4. KINETICS OF HYDROLYSIS OF GIRARD-HYDRAZONFS” 

pH 1.5 

k, x 105 KH x lo3 

pH 3~5~ 

k, x IO5 K,, x 103 

Cholestan-3-one 127 7.2 24.0 O-56 
Cholest-rlen-3-one 25.6 1.1 9.25 0.33 
Cholestan&one - - 9.3 0.62 
Cholestan-7-one - - 9.7 4.4 
Androstan-3@-ol-l7-one 21.5 4.0 2.85 1.5 
Estrone methyl ether 23.8 3-I 2.9 I.5 
Pregn-5-en-3~-ol-20-one 15-4 - 2-o 1.9 

0 In methanol at 25 5 1”. 
8 In 0.2 M acetic acid, k, calculated from hydrolysis constants and rates of formation. 

rates of hydrolysis (k,) at pH 3.5 (0.2 M acetic acid) were also calculated from the 
known hydrolysis constants (Kn) and rates of formation (k,) (k, = K,, . k,). At pH 
1.5 the 3 ketosteroid was hydrolysed at a greater rate (ca. 3X) than the A4-3-, 17- and 
20-ketones which all hydrolysed at similar rates. However at pH 3.5 the rates, which 
were lower by a factor of 3-8, fell into three groups, the 3-ketone, then the A4-3-, 6 and 
7-ketones and lastly the 17- and 20-ketones, the differences being about 10:4:1. The 
hydrolysis constants (Kn) at pH l-5 were lower than at pH 3.5, the order being 3 > 17 
> A4-3 ketone and the 3-ketone hydrolysing to a relatively greater extent than at 
higher pH. The observation that 3-ketones hydrazone are liberated first at higher pH 
than those of A4-3-ketones must be due to their higher dissociation constants as well to 
their relatively faster rates of hydrolysis. The smaller differences found in the rates of 
hydrolysis and the hydrolysis constants, as compared to the rates of formation, suggest 
that selective formation of Girard hydrazones would be more efficient for achieving 
separations of mixture of steroid ketones. 

EXPERIMENTAL 

Reagents. Cholestan-3-one, cholestan-&one, cholestan-7-one, cholest_4en-3-one, and ergost-8(14) 
-en-3-one were prepared by standard methods; the other ketones were analytically pure samples. 
Guard-T reagent was recrystallized from ethanol and stored in a desiccator. 

Kinetics in methanol. The ketone (ca. 80 mg) was dissolved in yOo/< methanol containing the re- 
quired amount of acetic acid, allowed to equilibrate in a const. temp. bath at 25 f 1” and 10 ml of a 
0.05 M Girard-T solution in methanol added. Aliquots of 10 ml were withdrawn at intervals, added 
to 10-25 ml aqueous phosphate buffer (pH 7) containing 5 ml 0.01 N iodine; and the excess iodine 
titrated with 0.05 N thiosulfate using starch as indicator. The rate constants were calculated from the 
slopes of second order rate plots. The reactions were titrated after 24 hr to determine the equilibrium 
constants. 

The kinetics of reaction were similarly determined in isopropanol containing 0.5 M potassium 
chloride to which had been added a few drops of cone hydrochloric acid to give a pH of 3-5. 

The spectra were determined by first titrating an aliquot to determine the amount of Girard-T 
reagent which had reacted, and then diluting another aliquot with either methanol or isopropanol to 
give an optical density ~0.8. 

The kinetics of hydrolysis were carried out by reacting the ketone in 0.2 M acetic acid-methanol 
for at least 24 hr at 25”, adding a few drops of cone hydrochloric acid to give a pH of 1.5 and titrating 
aIiquots at intervaIs. The amount of hydrozone hydrolysed was calculated from the amount of 
Girard-T reagent reacted before acidification (i.e. the amount of hydrazone formed) and the amount 
of Girard-T reagent present in solution at each interval. The data were treated as first-order rate plots. 
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The determinations were carried out in duplicate or triplicate and the mean values with errors of 
&5 % are given in Tables l-4. 

ln isopropwwl. Cholest4en-S-one (O-25 g) in isopropanol (50 ml), pH 3.5 (saturated potassium 
chloride plus few drops of saturated hydrochloric acid) was reacted with Girard-T reagent (0.25 g) for 
24 hr, neutralized with excess solid potassium carbonate and evaporated at red press at ~35”. The 
pasty residue was extracted with warm methanol which was evaporated again at red press at (25”. 
The oily residue could not be recrystallized from methanol, benzene and chloroform. 

Infrared spectrum in carbon tetrachloride: 3500 (strong) (NH unbonded), 3050 (weak) (NH 
bonded), 1690 (strong) (amide I), 1650 (strong) C=N) and 1570 cm-’ (medium) (amide II),la Ultra- 
violet spectrum in methanol : &, 277 rnp, E 6,250. 

Separation experiments. Cholestan-3-one (390 mg) and estrone methyl ether (280 mg) in 0.2 M 
acetic acid in methanol (200 ml) were reacted with Girard-T hydrochloride (170 mg; 1 equivalent) 
for 24 hr at room temp. The solution was diluted with water and extracted with ether. Evaporation 
of the ether extract gave estrone methyl ether (260 mg), m.p. 168”. The aqueous solution was acidified 
with dil hydrochloric acid, allowed to stand for 6 hr and then extracted with ether. Evaporation of the 
ether gave cholestanone (350 mg), m.p. 128” from ethanol. 

Allopregnan-3,2Odione (O-22 g) in 0.2 M acetic acid methanol (100 ml) was reacted with Girard-T 
reagent (O-12 g, 1 equivalent) for 24 hr 5 *A sodium hydroxide was added to pH 8 and then sodium 
borohydride (O-026 g; 1 equivalent). After 24 hr the solution was extracted with ether (evaporation 
of the extract gave only a trace of residue), acidified with dil hydrochloric acid and again extracted 
with ether giving a residue (O-20 g), m.p. 189-190”, [a]*’ f20.0”. Reported for allopregnan-20-p- 
ol-3-one m.p. 187-189”O, 195”la and [al” + 18*50D. 
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