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One of us [1] has previously described the synthesis and reactions of the isomeric cr dlols (II) and (III), 
whmh are models for the corticold grouping of the ring of D,D-homosterolds. We now describe the further mvestl- 
ganon of these compounds. Reaction of 1-acetylcyclohexene (I) with the hydroperoxlde amon gives the keto epoxide 
(IV), the yield of which (45-75~ depends on the method of oxidation [1-4]. Epoxidauon appears to be accompanied 
by profound degradation, for m the course of oxldauon w~th alkaline hydrogen peroxide the pH of the reacuon mixture 
falls from 10-9.5 to 8-?.5. Th~s is evidence of the formation of acidic by-products even under optimum reaction 
condmons (low temperature of the reactmn medium, following the progress of the oxidation by the disappearance of 
the ultraviolet charactenstms of the unsaturated ketone). Actually, under these conditions the formation of appreciable 
amounts of acetic and adlplc acids is observed. As already reported [1], epoxldatlon with alkahne hydrogen peroxide 
and with t-butyl hydroperox~de is slow, and by this means we did not succeed m obtaining a preparation of the keto 
epoxlde (IV) that had a good elementary analysis. By thin-layer chromatography [5] on alumina we succeeded m 

2s 1.4655, was actually a mixture of the keto epoxlde (IV) showing that our sample of the keto epoxlde, which had n D 
and 1-acetylcyclohexene (I), which were characterized by sharp Rf values of 0.61 and 0.52, respectively, m benzene. 
It is probable that Filler and co-workers [3] and Memwald and Emerman [4] were deahng with such mixtures, for 
thmr samples of keto epoxlde they give refractive mdmes of n~ 1.4650 and n~ 1.4633. Our mixture was separated by 
dlstillauon through a column having a glass filling and of 40-plate efhclency.  The epoxlde (IV) then obtained, which 

2s 1.4641 and Rf 0.61, gave a good elementary analysis. had n D 

H O 0  @ 

H OH > [ ~  

( Iv)  o (tJ) {m) ( I}  

Acid hydrolysis of the keto epoxlde led to the formation of the previously described [1] trans keto dlol (II). Under the 
condmons of basra catalysis the latter underwent rearrangement mto the ms isomer (III), whmh was prepared earher 
[1] by the hydroxylatlon of 1-acetylcyclohexene (I) with osmium tetroxlde. On the basis of various analogies re- 
ported in the hterature, it was suggested [1] that such lsomenzatlon proceeds by a retro-aldol mechanism. 

. : 0 

*This a m c l e  is pubhshed m accordance with a resoluuon of the Conference of Chief Editors of Journals of the Academy 
of Sciences of the USSR of June 12, 1962, as a dlssertauon paper by A. M. Molseenko. 
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The conversion of (II) into (t1I) takes place quanti tat ively when an attempt is made to purify the trant keto 

dlol on commercia l  a lumina of Grade 11 activity (which has a weakly alkaline reaction), using a slow elutlon pro- 
cedure. Under these conditions the els isomer is not affected. Moreover, isomerlzatlon is rapid in an aqueous-al-  
eohohc solution of sodium carbonate. Under a lkahne conditions the liquid trans monoacetate (V) behaved analogously. 
The latter was prepared by the acetolysls of the keto epoxlde (IV) or by the acetylatlon of the trant keto dlol (1I). 
Acetylat lon goes under mild conditions and affects also the tertiary hydroxy group with formation of not only the 
monoaeetate (V), but also the crystalline trans dlacetate (VI), m.p. 63.5-64 ~ The resulting mixture of mono- and 
dl-acetates can be separated chromatographically on slhca gel. The dracetate (VI) was prepared also by the mild 

Ac?O--AcOH--TsOH 

-OAc 
o 

C t AC2Opy Ac~O'Ar  K X / / ~  

O HO 0 AcO 
(IV) (V) (11) (VI) 

acetylat lon of the monoacetate (V) in excess of acetic anhydride. Unlike the trans keto dlot (II), under mild con- 
dltlOnt the ClS isomer (Ill) is acetylated only on the secondary hydroxyl with formation of the cls acetate (VII), m.p. 
98.5-99.5 ~ Acetylat lon of the latter under severe conditions leads to the crystalline ClS dlacetate (VIII), m.p. 53-54 ~ 

.-OH A .'OA c / ' ~  ..OA c 

�9 ~ ĉ,Op, - v : ' w l x "  k / (  HO~"tl Ac20--̂CO.TsoH - 

O O hcO O 
(m~ (vu)  ~vill) 

The great difference in behavior between the tertiary hydroxyls of the isomeric keto dlols m the acetylatlon reaction 
is in accord with NMR data for these compounds [1]; from these it follows that the tram keto dlol exists in solution 

in the form of a single conformation (about 100% eea) with dlequatonal  hydroxy groups~ 

9 

H eea 
On the other hand, the cls isomer exists in solution as an equilibrium mixture of two rotational isomers (con- 

formers) m approxlmately 1 : 1 proportions. 

: HO 
OH OH 

8an ge0 

Thus, from the point of view of conformatlonal analysis [6] the equatorial ternary hydroxy group of the tram keto 
dlol (II) should probably acerylate couslderably more readily than that of the cls dlol (iiI), m which at least 50% of 
the tertiary hydroxyls are axial. The reverse phenomenon is observed in the reaction of the traus (VI) and cls (VIII) 

dlacetates with carbonyl reagents in glacial  acetic acid solution at room temperature. 

Acetylatlon of the two hydroxyls of the keto dlols fiI) and (III) probably does not affect the conformations of 
the dlaeetates (VI) and (VIII) substantially. If this is so, then in a solution of the transt dlacetate (VI) the eea con- 
formation with an axial keto group should prodommate. Such a carbonyl would probably react considerably more 
slowly than an equatorial carbonyl, which will probably predominate m the eea conformation for the cls dlacetate 
(VIII). Moreover, as can be seen by an examinat ion of Stuart-Brlegleb models, the axial carbonyl group in the eea 
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conformation of the trans dlacetate  (VI) is strongly screened by the aeetyl groups, which hinder nueleopMhe attack 
on the carbonyl center. Such sterlc hmltatzons do not exist for the trans and cls monoacetates,  which, l ike the cls 

d laceta te  (VIII), form carbonyl derivatives in good yield. It ~s probable that stenc hindrance explains the fact that 
in the reactwns of the tram dtacetate  (VI) with carbazm ester and with 2,4-dm~trophenylhydrazlne under the same 

conditions, instead of the expected hydrazones, the N-ace ty l  derivatives (IX) and (X) 

NO 

CII3CONHN IICO2C2H5 CH3CON H N H - - ~ - -  NO2. 
(IX) (x) 

were isolated in small amounts. It has been reported [7] that the hydrazlde (X) is formed in quant l tanve yield by 

boiling 2,4-dlmtrophenylhydrazlne m 90~ acetic acid for 18 hours [7]. 

Hydrolysis of the trans acetate  (V) m an acid medium gives a good yield of the trans keto dlol (II). AIkahne 
hydrolysis of (V) under mild conditions gives the trans keto dlol (II), but under more severe eondltrons it leads to the 

formation of the more stable cts isomer (Ill). 

k H ~ O r  , RO (~ :- ~I cH ~)RO OOr 

I lO II HO II 
O O O O 

(V) (ll) (lII) (VII) 

The acid or alkaline hydrolysis of the cis monoacetate  (VII) gives the cls keto dlol (Ill) m good yield. 

EX P E R I M E N T  A L 

1-  A c e t y l -  1 , 2 -  e p o x y c y c l o h e x a n e  ( I V )  

69 ml of 3.68 N NaOH was added over a period of 40 minutes to a vigorously stirred solution of 30 g of 1 -ace-  

tylcyclohexene and 36 ml of 40% H20 ~ in 8,50 ml of methanol, external coohng being applied so that the temperature 
of the reaction mixture did not rise above 40 ~ When the evolution of heat stopped, the solution was stirred at room 

temperature and samples were taken periodically and tested for acetylcyclohexene content by determining their ultra- 

vwle t  spectrum (EtOH, Xmax 288.5 m y ,  s 12020). 55 minutes after the start of the reaction analysis showed that 

the amount of unsaturated ketone present was only 8.1~ of its mlt la l  value.  After 55 minutes more its content had 

fallen to 7.8%, and the reaction was stopped by neutralizing the mixture to pH 7. The reactron mixture was poured 

Into ?00 ml of water and extracted with ether. The ether extract (A) was dried with anhydrous sodium sulfate. The 

aqueous layer was acidified to pH 2.5 with dilute sulfuric acid and was continuously extracted with ether for ?5 hours. 
The ether extract then obtained (B) was dried with anhydrous sodium sulfate. After the removal  of ether in a vacuum, 

acet ic  acid (1.7 g) was distilled off and was characterized as its silver salt. The residue conasted of 3.8 g of adtpm 
acid, m.p. 149-151 ~ (from benzene), undepressed by admixture wrth a known sample. 

From the ether extract (A) after removal  of solvent and vacuum fractlonatlon we obtained 17.4 g of a substance 

2s 1.4688, whose chromatogram (alumina of Grade II activity,  development  with having b.p. 56-88 ~ (3 ram) and n D 

iodine) indicated the presence of the original ketone (Rf 0.52) and its epoxlde (Rf 0.61). The combined product from 

eight experiments (139 g) was fractwnated through a column having a glass fl lhng and having an eff iciency of 40 

theoret ical  plates. The fractions obtained were I (30.5 g), b.p. 89-41 ~ (2.5-3 ram) and n~ 1.4700, II) b.p. 40-42 ~ 

(2 ram) and n~ 1.4680, 32.? g, III (89.9 g), b.p. 41.5-42.9 ~ (2.5 ram) and n~ 1.4641. The residue in the still (19.4 g) 
had b.p. 39-40 ~ (2 ram) and n~ 1.4611. Fraetwn III was pure 1 -ace ty t - l ,2 -epoxyeyc lohexane  (IV), d~ s 1.0488, 

Found MR D 36.91, Calculated MR D 37.10, Rf 0.61. Found C 68.52, H 8.68%. CsHmO z. Calculated:  C 68.84, 
H 8.63%, V C =  O 1715 cm -1 (mCHCls) .  

t r a n s -  1 -  A e e t y l -  1 , 2 - e y c l o h e x a n e d l o l  ( I I )  
A heterogeneous mixture of ~ g of the keto epoxlde (IV), 55 ml of water, and 20 drops of concentrated sulfuric 

acid was heated for two houxs m a boiling water bath. The mixture was cooled to 0 ~ neutrahzed with sodium bi- 

carbonate, and extracted with ether. The extract was dried wlth anhydrous sodium sulfate, ether was distilled off, 

and the oily residue was vacuum-dis t i l led .  We obtained 8.4 g of a think colorless hqmd,  b.p. 98-108 ~ (2.8 ram) and 
z5 1.4894, which crystall ized out on standing. Recrystalhzatmn from a mixture of dlethyl ether and petroleum ether n D 
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(b.p. 40-60") gave 5.1 g of the trans keto dlol (II) m the ~orm of rosettes of crystals, m.p.  58.5-59", undepressed by 

admixture  of a known sample.  A mlxturewtth  the ClS keto dlol  fi) mel ted  over the range 39-51". A similar  result 

was obtained by the hydrolysis of the epoxlde m the solution obtained by the homogemzat lon  of the above react ion 
mixture w~th 50 ml of d~oxane. 

I s o m e r l z a t l o n  o f  t h e  t r a n s  K e t o  D l o l  ( I I )  i n t o  t h e  c l s  K e t o  D l o l  ( I I I ~  

1.7 g of the trans keto dlol U.I) and 1 g of sodium carbonate were dissolved m 85 ml of 30% aqueous methanol,  
and the m~xture was left  at room temperature  for ten hours, neutral ized wtth 10% sulfuric acid, vacuum-evapora ted ,  
and extracted with ether. The usual t reatment  of the ether extract  gave 1.5 g of crystals (prisms), which after re-  
e rys ta lhza t ion  from an e ther -hexane  mtxture had m.p.  77.5-78", undepressed by admixture of a known sarnple of the 
els keto dlol fIII) [1]. The chromatogram of the mother liquors revealed no spots due to the original tram dlol Eli). 

A solution of 1 g of the trans keto dlol (II) m 20 ml of ether was apphed to a chromatographic column containing 
a 100 g layer  of commerc ia l  a lumina of Grade II act tvl ty .  The column was left  overmght at room temperature,  and 
elut lon was then c a m e d  out with 1 h ter  of a 4 : 1  m~xture of ether and hexane, after which removal  of solvent and 
recrysta l l lza t lon gave 850 nag of the ClS dtol fiII). 

The same result was obtained by the vigorous stirring of 1 g of the trans d~ol fiI) with 100 g of alumina of 
Grade II ac twl ty  in 200 ml of ether for 12 hours. Under these condlttons the ClS d~ol fIII) is not affected. 

t r a n s -  2 - A c e t o x y -  1 -  a c e t y l c y c l o h e x a n o l  (V)  

15 g of the keto epoxlde (IV) was refluxed m 53 ml of g lac ia l  ace t ic  acid for four hours. The react ion mtxture 
was vacuum-evapora ted ,  diluted w~th 30 ml of water, and extracted with ether. The extract  was washed with saturated 
sodmm bicarbonate  solution and dried wtth anhydrous sodium sulfate. After removal  of ether and mehanged epoxlde 

(8.3 g) we obtained 6.5 g of a substance of b.p. 83-90" (2 ram) and n~ 1.4684. By chromatography of the la t ter  on 

150 g of s lhca  gel containing 1~o of water (eluate: 70 : 30 e ther -hexane  mixture saturated with water, 700 ml) we 
isolated 5.4 g of t r a n s - 2 - a c e t o x y - l - a c e t y l e y c l o h e x a n o l  (V) as a colorless hquld,  b.p. 94-96. (2.5-3 ram), n~ 1.4657, 
d~ s 1.1197, found MR49.49, ca lcula ted  MR49.37. Found: C 60.06, H 8.03%. C10HleO4. Calcula ted.  C 59.98, 
H 8.05%, uOA C 1737 cm -1, VC_ ~ O 1712 crn -1 (shoulder), vOH 3459 cm -1 (broad band) (m CHCIs). 

The 2,4-dmltrophenylhydrazone formed hgh t -ye l low needles of m.p.  135-135.5" (from alcohol).  Found 
C 50.45, H 5.28, N 14.79%. ClsH20OTN4. Calcula ted:  C 50.52; H 5.30, N 14.73%. 

9 g of the t ram keto d~ol fiI) was dissolved m 50 ml of pyndme,  10 ml of ace t ic  anhydride was added, and the 
m~xture was left  overmght at room temperature,  ~t was then diluted w~th 100 ml of water and extracted wtth ether. 
The extract  was shaken with 5% hydrochloric acid solution, washed with water troth neutral, and dried with anhydrous 
sodium sulfate. Ether was removed, and two vacuum fractlonatlons gave 8 g of a substance of b.p. 95-99* (2.5 ram) 

zs 1.4640, the chromatogram of which had spots of the trans monoaceta te  (V) and of the corresponding d~acetate and n D 
(VI). The m~xture was separated ehromatographlcal ly  under the condltlOm indicated above. We obtamed 4.0 g of 
the monoaeeta te  and 3.7 g of the d tace ta te .  

t r a n s -  1 , 2 - D ~ a c e t o x y -  1 - a c e t y l c y c l o h e x a n e  ( V I )  

A solution of 1 g of the tram ace ta te  (V) and 2 ml of acet tc  anhydride m 40 ml of pyndme was left  at room 
temperature  for 15 hours. The mtxture was vacuum-concentra ted ,  diluted w~th water, and extracted wtth ether. The 
usual t reatment  of the extract  gave 1.1 g of t r ans - l , 2 -d~ace toxy - l - aee ty l cyc lohexane  (VI) m the form of plates, 
rn.p. 63.5-64* (from pentane). Found. C g9.89, H 7.60%. CmH~O s. Calcula ted:  C 59.50, H 7.50%. UOA C 1741 
cm-~, V C =  O 1718 cm "~ (shoulder) (m CHClz). An analogous result was obtained m the acetyla t ton of 1 g of the 
trans monoaceta te  (V) m 30 ml of g lac ia l  acet tc  acid by the action of 3 ml of acet tc  anhydride in presence of 300 
mg of p- toluenesulfomc acid monohydrate at room temperature for 12 hours. 

3.1 g of the trans dlol (I1), 10 ml of acet ic  anhydride, and 900 mg of p-toluenesulfonlc acid monohydrate m 60 
rnl of g lac ia l  acet ic  acid was left  at room temperature for 20 hours. After the usual t reatment  we obtained 3.1 g of 
the d~aeetate (VI). 

Reaction of the D~acetate (VI) w~th Ethyl Carbazate .  When we at tempted to prepare the ethoxycarbonylhydra-  
zone by the react ion of 2.4 g of the d lace ta te  (VI) with 1.2 g of HzNNHCO~CzH s m 45 ml of g lac ta l  ace t ic  acid at 
room temperature  for 40 hours, after the usual t reatment  we tsolated 600 mg of ethyl 3 -ace ty lca rbaza te  fIX), m.p. 
93.5-94.5* (from an ether-hexane mtxture). Found: C 41.08, H 6.93, N 19.37%. CsH~0OsN~. Calcula ted:  C 41.09, 
H 6.90, N 19.17%. 
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Reacnon of the Dlacetate (VI) wtth 2,4-Dmltrophenylhydrazme. Analogously, from 800 mg of (VI) and 660 mg 

of 2,4-dmttrophenylhydrazme we isolated 430 mg of acetm 2,4-dmltrophenylhydrazme (X), m.p. 196.6-197.5 ~ (from 

alcohol). Found- C 40.17, H 3.57, N 23.30%. CsHsOsN 4. Calculated. C 40.00, H 3.36, N 23.33%. 

c l s -  2-  A c e t o x y -  1 - a c e t y l c y c l o h e  x a n o l  ( V I I )  
A mixture of 750 mg of the ms keto dlol (III) and 0.45 ml of aceuc anhydride m 20 ml of pyndme was left at 

room temperature overmght. By the usual treatment we obtained 710 mg of ms-2-ace toxy- l -ace ty lcyc lohexanol  

(VII) m the form of plates, m.p. 98.5-99.5 ~ (from an ether-hexane mlxture). Found: C 60.01, H 8.13%. Cj0HI604 

Calculated. C 59.98, H 8.05%, uOAC 1729 cm -1, U C =  O 1712 cm -1 (shoulder), uOH 3440 cm -I  (broad band) 

(m CC14). 

The 2,4-dmltrophenylhydrazone formed hght-yellow needles, m.p. 179,5-180.5 ~ (from alcohol). Found: 

C 50.81, H 5.58, N 14.60~ C16H200?N 4. Calculated C 50.52, H 5.30, N 14.73%. 

c l s -  1 , 2 - D l a c e t o x y -  1-  a c e t y l c y c l o h e x a n e  ( V I I I )  
A mtxture of 2.8 g of the cas acetate (VII), 900 mg of p-toluenesulfomc amd monohydrate, and 15 ml of 

acetm anhydride m 30 ml of glacial acetic amd was heated m a bolhng water bath for 90 minutes. After removal 

of solvent, neut rahzanon,  and the usual treatment,  we obtained 2.8 g of ms- l ,2 -d lace toxy- l -ace ty lcyc lohexane  m 
the form of plates, m.p. 53-54 G (from pentane). Found C 59.57, H 7.43%. C12H1805. Calculated C 59.50, H 7s 

vOA C 1747 cm -1, VC=  O 1725 cm -1 (shoulder) (m chloroform). 

The ethoxycarbonythydrazone formed colorless needles, m.p. 115.5-116 ~ (from an ether-hexane medium).  

Found. C 54.80, H 7.43, N 8.90%. C15H24OoN2. Calculated C 54.86, H 7.37, N 8.53~ 

H y d r o l y s l s  of t h e  e l s  A c e t a t e  ( V I I )  
1,5 g of the ms acetate (VII), 1 ml of water, and 1 ml of concentrated hydrochloric amd m 100 ml of methanol 

was left at room temperature for three days. After the removal of solvent, neutrahzatmn,  and the usual treatment,  

we obtained 1.1 g of the cls keto din1 (III). Chromatography of the mother hquors showed that traces of the original 

ms acetate (VII) were present. A solutmn of 2 g of the cls acetate (VII) and 0.6 g of potassium hydroxide m 25 ml 
of methanol was refluxed for 45 minutes. After neutrahzat lon and the usual treatment we obtained 1.4 g of the c~s 
keto dml (III). 

H y d r o l y s ! s  of  t h e  t r a n s  A c e t a t e  (V) 

A solutmn of 1 g of the trans acetate (V), 1 ml of water, and 1 ml of concentrated hydrochlorm amd m 70 ml 

of methanol was refluxed for 2.5 hours. After removal of solvent, neutrahzatmn,  and the usual treatment we obtained 
700 mg of the trans keto din1 (II), whmh melted without depressmn m adlmxture with a known sample. Chromato- 
graphy of the mother hquors did not reveal the presence of any cls keto din1. 

A solunon of 1.89 g of the trans acetate (V) m 10 ml of methanol was added to a solutmn of sodmm methoxtde 
prepared from 220 mg of sodmm and 20 ml of methanol. The mixture was heated m a stream of mtrogen at 45 ~ for 

,50 minutes and was then neutrahzed w~th acetm amd and vacuum concentrated. The residue was treated w~th 30 ml 
of water and extracted with ether. The usual treatment of the extract gave 1.27 g of the trans dlol (II), ldentmal to 

a known sample. Chromatography of the mother hquors showed that traces of the ms dml (ItI) were present. 

4 g of the trans acetate (V) was dissolved m 50 ml of ethanol contmmng 80 mg of potassmm hydroxide, and 
the soh tmn  was heated (m a water bath at 50 ~ for 90 minutes. After neu t rahza tmn and the usual treatment we ob- 
tained 2.95 g of a m~xture of trans and ms keto dmls. 500 mg of th~s m~xture was subjected to preparative separatmn 

on an unbound layer of slhca ge lcontammg 19~ of water, thmkness 2 mm on three 20 x 33 cm plates. Separatmn 
was attained by two chromatographm treatments m the aqueous ether - hexane (55 �9 45) system wtth mtermedtate 

drying of the plates. In this way we obtained 421 mg of the trans keto clio1 (II) and 43 mg of the ms isomer (III), 
whmh mdmates that the ratm of the amounts of the products m the mixture was about 10 : 1. 

1.5 g of the tram acetate (V) was dissolved m 80 ml of 5% aqueous ethanol containing 700 1Tlg of sodmm 

hydroxide. The mixture was heated m a bolhng water bath for 3.g tlours. After neut rahza tmn and the usual treat- 

ment we obtained 1.0 g of the ms keto dml (III), whmh melted without depressmn m admixture wlth a known sample. 

S U M M A R Y  

1. The aeetolysls of 1-acetyl - l ,2-epoxyeyclohexane (IV) with glamal acetm acid gives the tram dlol mono- 
acetate (V). 
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2. A study was made of the stabll~tles of the lsom,~rlC acetylcyclohexanedlols flI) and (Ill) under alkahne and 
acid conditions. Under alkahne condmons the trans acetylcyclohexanedlol 0_I) and ~ts monoacetate (V) are converted 
into the c~s acetylcyclohexaned~ol fllI). Under thesecond~tlons the latter is not lsomer~zed into the trans isomer. 

3. Some observations are made relating to the possible causes of the different behawors of substances of the 
trans and e~s ser~es m acetylatlon and reactions leading to carbonyl derlvat~ves. 
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All  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b l b h o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s h t e r -  

a t l o n s  of  the  a b b r e v l a h o n s  as  g i v e n  m the  o r i g i n a l  R u s s i a n  journal .  Some or all  of  th i s  p e n .  

od tca l  h t e r a t u r e  may  wel l  be  a v a t l a b l e  m Eng l t s h  t rans la t lon .  A c o m p l e t e  h s t  o f  the  c o v e r - t o -  

c o v e r  E n g h s h  t r a n s l a t t o n s  a p p e a r s  at the  b a c k  of  thts  t s s u e  
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