
REACTIVITY STUDIES ON NATURAL PRODUCTS 
IV. DISSOCIATION CONSTANTS OF THE CYANOHYDRINS OF SOME 

STEROID KETONES1 

'The dissociation constants of the  cya~ioliydrins of 3- ,  6-, nr~cl '7-ketocholestar~c, :J-kcto- 
coprostane, A'- ancl 46-cholcstenone, and  A'-, AB("-, 48(1.')-, and 4"-ergosten-%one have bee11 
measured in 80% dioxalie a t  25.0'. Cholestari-3-one and  coprostari-3-o11e haveessel~tial ly the 
same reactivity. 6- and 7-I<etocliolestnr~e sho\v "eclipsing" effects of r~eighboring hydrogen 
atoms. 4"- ancl As-Cholestenone are less reactive than cholestanone owing to the  electronic 
effect of the  double bond, but  A'-, .A8("-, A"('")-, and  A'.'-ergostenone are more reactive, the 
effect rlecreasing with the  clistance of the tlouble bond from the  3-keto group. 

While quantitative studies have been made on the reactivity of steroicl esters ,111cl 
alcohols (1, 2), few quantitative data have been published 011 the relative reactivity 
towards addition reactions of a keto group in various positio~is of the steroid n~olecule, the 
only work of this nature being studies of the rates of oxime formation of 3-, 4-, 6-, and 7- 
ketocholestane (3), and of the borohydride reduction of 3- and 20-lcetopregnanone (4). 
I t  is lcnown that certain postions, e.g., 11 and 12, are unreactive with respect to a 3-keto 
group, but no systematic study has been made of the reactivity of groups in rings -4 ant1 
B, where reactivity differences would be expected to be small. The determination of 
ketone-cyanohydrin equilibria provides a convenient method of studying ketone reactivity 
towards addition reactions (5), and the clissociation constants of the cyanohydrins of 
3-keto-cholestane and -coprostane (rings X/B trans and cis, respectively), 6- and 7-keto- 
cholestane, and 3-lieto steroids with double bonds in positions 4,5,7,8(9),8(14), and 14 
have been measured in 80% clioxane-water a t  25.0' (see Table I) ,  to investigate the 
influence of substitution in various positions, of cis-trans ring A/B fusion, and the effect 
of double bonds. 

Cholestan-3-one and coprostan-3-one differ only in the nature of the ring X/B fusio~i. 
The trans fusion in the former case gives the  ~nolecule a continuous zigzag form, whereas 
the cis fusion, in the latter, leads to an L-shaped structure (6,7) .  In  cholestane the ~nethj,l  
group a t  C-10 and the 9-10 bond are axial and equatorial respectively (with respect to 
ring A), and in the second case are reversed, but in both cases the hydrogen atom a t  

I'nrl 111, Chein?stry and Indz~slry,  355 (1:J57). 
ZPrese~tt address: Deparl~nent of Chenzistry, Dall~oz~sie University, ITalifn.~, 1V.S. 
3Prese~it address: Departn~ent of Chelnistry, Uwiuersity of Cali/pr.wicl c~t Los Alzgeles. 
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WHEELEK A N D  MATEOS: REACTIVITY STUDIES. IV 

TABLE I 
DISSOCIA.I.ION C0SST:lSTS O F  C~'.XSOH'ID1<lSSn 

K X 10' Ratiob 

Cyclopentanone 5 6 . 0 f  1 .0  9.3 
Cyclohesnnonc 6.00IkO. 10 1 . O  
Cholestiun-3-one 5.-l2Ik0.05 0 .  !)0 
Coprostnn-3-one 5.07&0.09 1 . 0  
Cholesti~n-fj-one 7.22+0.1:3 1 . 2  
Cholestan-7-OII~ 1.25Ik0.01. 0 .21 
A.'-Cl1olestc11-;3-011e 38. 4 f  0 .  60 6 . 4  
As-Cholesten-3-o11c 7.94Ik0.15 1 . 3  
A'-Ergosten-3-om 4.  ODi0 .14 0.68 
~8(")-Er~ostc11-3-011~ 3.97&0.12 0.66 
~ ~ ( ~ . ' ) - ~ r ~ o s t e n - 3 - o n e  -l.50+0.02 0.75 
41.1-Ergostei~-3-one 5.-l3+0.02 0.00 

u I , ~  80% dio.~a?te n1 26.0°1k0.10. 
"12nlio of dis.soci(ttion co?l.s/nrrt to c y c l o h c s n ? z o ~ ~ ~ e  = 1.0. 

C-3, o ~ i c  carbon atom nearer, is axial and the 3-6 bond eq~iatorial and thus no large steric 
effect to cyanohyclrin formation due to "axial cro~vding" (3) would be expected, and both 
these lietones have essentially the same cyanohydrin dissociatio~l constant as cyclo- 
Itexanone. The sinall increased reactivity of cholestanone with respect to cyclohexanone 
ma! be clue to an "equatorial cro~vding" effect ( 5 )  similar to that observed in alkyl cyclo- 
hesanones, whereby the large internal carbonj-l angle of the 1;etone distorts both rings 
.A and B. The distortio~i is relieved in forming an addition product and addition is, 
therefore, facilitated. 
(i- and 7-Ketocholestane both have an extra alliyl substituent in the a-position, and 

this \\.ill esert 311 inductive effect ~vhich will increase the dissociation constant ( 5 ) .  How- 
ever, the 6-ketone shows only a small increase while the 7-lietone actually shows a large 
decl-ease in dissociatio~~ coilsta~it and another effect must be operating. Construction of 
models sho~vs that in the case of the 7-ketone the steric geometry of the steroid molecule 
is such that an a-hydrogen atoll1 a t  C-13 is brought very close to the carboi~yl group. 
-Additio~l to the keto group gives a staggered structure and reduces the unfavorable 
oxygen-hydrogen i~tteractioi~s and is thus favored (8). This shielding or "eclipsing" 
effect has previously been observed to affect the stabilities of a-decalone and the 1,4-lteto- 
perhydrophenanthre~~es (9). In the case of the 6-ketone the small "eclipsing" effect of the 
hydrogen atoms on C-4 will tend to increase the extent of cyanohydrin formation, but 
there will be alt "axial crowding" effect (5) in the cyanohydrin, between the methyl 
group a t  C-10 (2) and the cyanide (or hydrosyl) group. The net result of these opposing 
effects is a small decrease in reactivity, with respect to cholestan-3-one. 

A4- aitd A"Cho1estan-3-one are both less reactive to\vards cyanohydrin formation than 
3-cholestanone. 111 the former case, addition to the ketone grouping will destroy the 
resonance conjugation of the a,Sunsaturated ketone system and hence cyanohydrin 
forination ~vill be difficult. (Whether addition was 1,4 as well as 1,2 was not determined. 
Holrrever, the reaction was u~timolecular in ketone and cyanide.) The decreased reactivity 
of A'-3-keto steriods, as compared to 3-lteto steroids, tonlards dioxalan formation ( l o ) ,  
lcetal formation ( l l ) ,  and borohydride reduction (12) has previously been noted. In the 
A5-compound there will be all inductive (or hyperconjugative) donation of electrons by 
the double bond to the ketone group (analogous to double-bond participation in the 
solvolysis of cholesteryl-p-tolueile sulphonate (13)) and this will decrease the polarity of 
the Icetone grouping ancl reduce n~icleophilic attack of c)-anide ion. 
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714 CANADIAN JOGRN.4L OF CHEMISTR\-. VOL. 3G. 1958 

In contrast to the behavior of the A4- and A5-compounds, the four ergosten-3-ones 
(A7, As(L4), and A(14)) s110w increased reactivity but in an order decreasing with 
distance of the double bond from the ketone grouping, until no effect is apparent in the 
A14-compound. This effect is probably not electronic, since the double bonds are too far 
removed from the keto group, and though the A4- and As-ketones show displacements of 
Icetone absorption in both the ultraviolet and the infrared (see Table 11) due to electroilic 
effects, the ergostenones are no different from cholestanone. 

TABLE 11 

ABSOI<PTIOX SPECTI<:\ OF KETONES 

aI?z carbon tetrachloride solz~tion. K. Dobriner, E. R .  Kat-  
zenellenbogen, and R .  N .  Jones. Infrared absorption spectra 
of steroids-A?z atlas. Interscience Publishers, Inc., New 
York, N .  Y .  1953. 

bPresetzt work, as  ?rz~jol ~ n z ~ l l s .  
" A s  ethanolic solzrtiotzs. Present work, zrnless otherwise stated. 
dRef. 40. 

Cyclohexene exists in a preferred "half-chair" coilformation (14, 15), in which all the 
angles are slightly distorted (16), and introductioll of a double bond into the steroid 
nucleus will lead to an over-all flattening of the rings. This will slightly distort ring A and 
introduce small non-bonded interactions. Cyclohexanone, itself, is a slightly distorted 
structure and its reactivity is due partly to the tendency to form an undistorted addition 
product (8). The presence of a keto group in ring A will introduce non-bonded interactions 
in this ring, and these will be increased by the conformational distortions produced by a 
double bond in a neighboring ring. Thus addition to the keto group, which will partially 
relieve the unfavorable interactions, will take place more readily than in the case of the 
saturated ketones. The effect of A7 and AS(9) double bonds, which are on either side of the 
C-3 to C-8 axis of rings A and B, is the same. A double bond, which is exocyclic 
to these two rings, has less effect and a double bond, one more carbon atom remote and 
in another ring, has no measurable effect. Bartoil and co-workers (17, 18) have recently 
shown the operation of long-range effects in the mutarotation of steroid 5,6-dibronlides 
and in the condensation of 3-lceto ti-iterpenes with benzaldehyde and has introducecl the 
term "conformational transmission" for the transmission of distortioils through a mole- 
cule by flexing of valency angles and alteration of atomic co-ordinates. Since no electronic 
interactions are involved and the effect is purely a steric one, it will manifest itself in 
an entropy term, and Barton and Head observed no difference in the energy of activation 
for the dibromides studied, but found small differences in the Irequency factor. In the 
present worlc the maximum differehce, between As("-ergosten-3-one and cholestan-%one, 
corresponds to a free-energy difference of oilly 0.18 lical. 

The ketones were generally prepared by standard methods (see Experimental), but 
in the course of the work some interesting observations were made. Ergosteryl acetate is 
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\\'HEELER .AND MATEOS: REACTIVITY STUDIES. IV 715 

hydrogenated in ethyl acetate under ordiilary corlditioils to A7-ergostenj.1 acetate, but  
with Raney nickel a t  high temperature and pressure the product formed was A8(14)- 
ergosteilyl acetate. This isomerization has previously beell noted with platinum oxide in 
acetic acid (19). As an alternative to oxidation with chromium trioxide in acetic acid 
and benzene (20), or Oppenauer oxidation (21), the oxidation of some of the unsaturated 
alcohols with chromium trioxide in pyridine (the Sarett reagent (22)) was investigated. 
Cholesterol itself gave a mixture coiisisting largely of kt-cholestenone but oxidation of 
A7-ergostenol proceeded without rearrangement. This reagent has been recently used for 
the oxidatioil of ursa-0(11),12-dien-3-01 (23) without rearrangement of the double bond. 
However, it was found that use of only a small excess of chromium trioxide in acetic 
acid and benzene gave better yields, and this method was generalljr employed. The 
isomerization of A8('4)-ergostenone to A14-ergostenone with hydrogen chloride in chloro- 
form (24,25) proved to be incomplete (26,27). Various conditions of time and temperature 
were tried but the best yield obtained was only a 20% conversion. The isomerization of 
the corresponding acetate or alcohol gave poorer yields. 

EXPERIMENTAL 

Ketones 
Cyclopentanone and cyclohexailoile were specimens which had been previously pre- 

pared in this laboratory (5). 
Cholestanone, m.p. 129'-130°, was prepared by oxidation of cholestailol (28), and 

coprostanone, m.p. 61'-63', (a)D +36', by reduction of cholestenone (21) over a palla- 
dium charcoal catalyst in ethyl acetate, with the addition of two drops of piperidine. 
As-Cholestenone was prepared by the oxidation and subsequent zinc-dust reduction of 
cholesterol dibromide (29). 

Cholestan-6-one 
Cholesterol was converted to cholesteryl bromide, m.p. 97'-98', (a)D -20' (lit. m.p. 

97"-99', (a)D -21.6' (30)), with phosphorus tribromide in benzene (31) and the bromide 
nitrated with fuming nitric acid and sodium nitrite to 3-bromo-6-nitrocholest-5-ene, m.p. 
153"-155', A,,, 262 mp, e 2200. Zinc-dust reductioil (32) gave the required ketone. 

Cholestan-7-one 
Cholesteryl acetate was oxidized \\rith t-butyl chromate (33) to 7-l~etocholesteryl 

acetate, m.p. 157'-160°, -86', which was converted by refluxing with concentrated 
hydrochloric acid to A3~5-cholestadiei~-7-oi~e, m . p  112°-1130 (lit. 1n.p. 112" (34)). 
Reduction of this compound with platinum oxide in ethyl acetate gave the required 
ketone, m.p. 116°-1180, (a)D -28", A,,, 292 mp, e 70 (lit. m.p. 116°-1180 (35)). 

A7-Ergosten-3-one 
Hydrogenation of ergosterol in ethyl acetate and ether a t  30 lb. pressure with a plati- 

num oxide catalyst gave A7-ergosten-3-01. Oxidation by the method of Oppenauer, with 
chromium trioxide (1.2 equiv.) in acetic acid and benzene, or by the method of Sarett, 
gave the ketone, m.p. 159"-160°, +22" (lit. m.p. 15g0, (a)D +22" (36)), in about 
50% yield in each case. Hydrogellation of ergosteryl acetate in ethyl acetate and acetic 
acid a t  30 Ib. pressure with a 5% palladium-charcoal catalyst, or in ethyl acetate a t  
1000 lb. pressure and 100" using a Railey nickel catalyst, gave A8('4)-ergostenyl acetate. 

A8(14)-Ergosten-3-one 
Oxidation of A8(14)-ergostenol with chromium trioxide in acetic acid and benzene gave 
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the ketone, m.p. 128°-1290, (a)D +31.5' (lit. m.p. 129°-1300, (a)D +30° (Xi)), in 70% 
yield. Oppenauer oxidation gave a joy0 yield. 

As(9)-Ergosten-3-one 
This was prepared by oxidation of An("-ergoste~lol (37) with chromium trioxide i11 

benzene and acetic acid, and had m.p. 118°-1200, (a)D $70'. 

A14-Ergosten-3-one 
This was prepared by isomerization of As(14)-ergosten-3-o~~e with hydrogen chloride in 

chloroform. The method gave only partial conversion, but the two isomers could be 
separated by careful chromatography 011 neutral alumina using hesane as eluent. The 
higlzest conversion (20%) was obtained by saturating with hydrogen chloride a t  O0 and 
allowing to stand 3-4 days in a refrigerator a t  ca. 5'. Poorer co~lversions were obtained 
with the alcohol or acetate. The pure ketoile had 111.p. 149°-1500, (a), +40° (lit. m.p. 
149"-151°, (a): +36.4O (26)). 

Solvents 
Dioxane (lIatheson, Coleman, and Bell) was refluxed n-ith potassium hydroxide and 

fractionated from a fresh quantity. This dioxane (80 vol.) ivas mixed n-ith distilled water 
(20 vol.), and the resulting solvent had d y  1.0345. 

Cyanohydrin Formation 
Some preliminary experiments were carried out to find a suitable solvent. The steroids 

were not sufficiently soluble in ethanol. The dissociatio~l constants of the cyanohydrin of 
cyclopentanone in anhydrous dioxane and 95% dioxane a t  25' were ca. 700x10-' and 
200x10-? respectively. Accordingly 80% dioxane was chosen as a solvent in which the 
steroids were reasonably soluble and which gave convenient dissociation constants. The 
procedure adopted mas to dissolve the ketone (0.2-0.4 g.) in 80% dioxane in a 100 ml. 
graduated flask and then to add a solution of hydrogen cyanide (10 ml. of ca. 0.15 N) ,  
prepared from sodium cyanide and sulphuric acid and dissolved in 80% dioxane. A catalyst 
solution (1 ml.) of 2% tri-n-propylamine in 80% dioxane was added and the flask made 
up to the mark and allowed to equilibrate in a bath a t  25.0°=t0.10 for 6 hours. Aliquots 
(10 ml.) of the solution were withdrawn, added to excess silver nitrate (ca. 0.1 N) con- 
taining 0.5% nitric acid, and the excess silver nitrate titrated with potassium thiocyanate 
(0.05 N), using ferric ammonium sulphate as indicator (38, 39). Each experiment was 
repeated three or more times and the results, together with their mean standard devia- 
tions, are giver1 in Table I. 
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