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AI&act-Aromatization of the title compound with selected acidic catalysts has been investigated. It has been 
established that depending upon the reaction conditions ttienone 2, I -methyltrienone 3, diinonc 4, diacetoxyketone 5 or 
dione 6 are formed as the major products. Dienone 4 and dione 6 are the main compounds of the reactions of 
tosyloxyketone 10withKHSOIandHBr,,respectively.Thereactionof acetoxyketone8withHBr,fumishesepimeric 
3-bromokctones 12 and 13 in the ratio about I : I. 

We have recently shown that 38 - acetoxy - 5a - 
hydroxy - 6 - 0x0 steroids (“difunctional” compounds) 
treated with hydrobromic acid or aqueous trichloroacetic 
acid in boiling acetic acid in the presence of oxygen led 
to A-aromaticb-oxo derivatives of the type 2 and 3, 
white no aromatization was observed when perchloric 
acid was used under similar conditions.’ 

In order to shed some light on the influence of an 
acidic catalyst, water and solvent on the aromatization 
process, we examined the reactions of hydroxyketone 1 
with some selected catalysts (Table I). In general the 
experiments were carried out in boiling acetic acid under 
an argon atmosphere. 

tPart of this material was presentad at the Jubilee Scientific 
Convention of Polish Chemical Society, WrocXaw, September 
1979 and at the VIII Symposium on Natural Products, Prague, 
September 1979. 

Triipuomncefic, chloroacetic, trichloroacetic and tri- 
bromoacetic acids, however, were used without the 
solvent. The isolated products were identified on the 
basis of their PMR data and I?, values in comparison 
with authentic sampies.‘2 

The results summa&d in Table 1 clearly show the 
compIexity of the processes which occurred in the reac- 
tions. On the basis of the experiments it has been 
established that aromatization leading to trienone 2 

occurs selectively with acids containing chlorine except 
hydrochloric and perchloric acids. The efficiency of acid 
decreases as follows: CCl,COOH > ClCH&DOH > p- 
TsCljHOAc > CCl~COOH/HOAc. The second aromatic 
product, I-methyltrienone 3, was formed when tri- 
bromoacetic, hydrobromic or sulphuric acid was used as 
catalyst. However, when aromatization in anhydrous 
medium was not observed or this process was very slow, 
the formation of dienone 4 and/or diacetoxyketone 5 

Table 1. Results of the reactions of 3#?-acetoxy-5hydroxy-Sachokstan4-one (1) with acidic catalysts (the yields 
in parentheses are calculated upon consumed substrate) 

ko Cmtalyst Productr [a] 

1 CClpx%l 8’ 6 43.4 

: 

- - c 

2 C1CH2COCH l ' 20 26.2 12.1 

3 p-T&l 120 7.6 /7.B/ - 24.7 /2S.S/ 26.6 /26.6/ - 3.6 

4 CC1,Cwn 160 2.9 /7.0/ - 

CBr3COOtl b' 

1.4 /3.4/ 21.2 /61.3/ - 2, 4.6 /10.9/ 66.7 

6 20 - 33.3 - - 

6 HBr,,_, 20 - 14.1 3.2 32.4 2, 18.3 

' H26C4 20 - b.3 7.7 10.5 

II CBr,COCIH 60 - - 16.9 /20.1/ 25.3 /32.0/ - 20.9 

9 znC12 126 - - 63.6 /66.6/ 10.2 /10.7/ - 2, 12.3 /12.9/ 4.8 

10 BF3.Et20 20 - - 66.6 7.6 _ 

11 p-Taf.H20 20 - - 33.1 2.7 29.0 

12 KH604 120 - - 20.1 /22.6/ 23.7 /26.6/ - z. 3.2 /3.6/ 10.6 

l3 HC104 20 - - 2.8 49.6 

14 HCl - - l 9 60 1.6 39.1 

16 HfJF4 - ~q 60 - 0.9 6*6 43.1 - 

16 Ph3C%F4e 20 - _ 9.9 /10.3/ 13.6 /X4.1/ 4.3 

17 CFJCOOH ” 100 - - _ 66.9 

16 CF3COOH 120 - _ 80.0 

a/ L, 
-' Without HO& 00 l l 01vont, l t roflur U' Without HOAc l B l 8olvont. 8t ea. 140 

0 

io15 
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Fii. I. 

became predominant. If aqueous solutions of acids were 
used dione 6 was as the main product. 

The anticipated acidic isomerisation’ of hydtoxy- 
ketone 1 to S@-hydroxyketone 9 did not take place 
except in reaction with ZnC&. The isolated ketone 9 
exhibited m.p. 143-144.5” (MeOH), [a]b -22” (repor- 
ted’ m.p. 142%144.5”, [aID- and the PMR spectrum 
was almost identical with reported one.’ 

The formation of 7-acetoxy derivative 5 was explained 
on the basis of the literature data6 (Fig. 2). It is fairly 
clear that the initially formed enol la undergoes SN2 
reaction with acetic acid to give enol Sa which in turn 
affords the more stable Sa-isomer of diacetoxyketone 5. 
It seems possible that the reaction is catalysed by pro- 
tonation of the 5a-OH group, which facilitates its 
leaving. 

A number of pathways may be envisaged for the 
formation of aromatic products 2 and 3, dienone 4 and 
dione 6. On the basis of the investigation on aromatiza- 
tion of “ttifunctional” boxo steroids, Hanson proposed’ 
that the Sa-OH group undergoes protonation and sub 
sequent elimination as the last step in the formation of 
l-methyl-A-aromatic compounds. This does not agree 
with the mechanism we propose. Protonation and eli- 
mination of the 3&acetoxyl group prior to the OH group 
at C-5, seems unlikely. The presence of significant 
amounts of dione 6 (reactions: IS, 14, 13, II and 6) and 
enone 7 (by-product, reactions 4 and 12) strongly sug- 

gests that the first step of the process must be the 
simultaneous diaxial elimination of the 4p-proton and the 
Sa-OH group. Initiation of this step has to be induced by 
protonation of the substituent at C-5. This assumption is 
in a good agreement with the observed competitive for- 
mation of dienone 4 and diacetoxyketone 5 under the 
same conditions (anhydrous medium). The acetoxy- 
enone 7 could react either via intermediate In and fast 
isomerisation to dione 6 or by protonation and sub 
sequent elimination of the acetoxy group to dienone 4. I1 
is also probable that intermediate enone 7a could 
undergo protonation and elimination to dienone 4. I1 
seems highly possible that dienone 4 is the last inter 
mediate in the pathway leading to aromatic prducts, bul 
the expulsion or migration of the C-19 Me group 
depending on the used acid is not clear. 

The reaction of acetoxyketone 8 with hydrobromic 
acid in boiling acetic acid exhibited the low reactivity o 
the 3&acetoxyl group in the absence of the 5~01 
group and this is additional proof for the proposer 
mechanism. Bromoketone 12 and its 3aepimer 13 wer 
formed as the main products of this reaction. Bot 
compounds were identified on the basis of PMR spectr 
and physical constants.*s Moreover, bromoketone 1 
and acetoxyketone 15 were isolated as the mint 
products. The structure of 4fi-bromoketone 14 wa 
established from its IR and PMR spectra. The 0 
frequency (1707 cm-‘) as for ketone 15 and the chemic 
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2or 3 

Fig. 2. 

shift of the C-19 protons (S 0.89) indicated the &-fusion 
of A/B rings. The chemical shift of the proton linked to 
the C atom substituted by bromine (S 4.18) as well as the 
magnitudes of the coupling constants proved its 4a- 
position. 

Considering the known solvolytic ability of the tosy- 
loxy group we have examined reactions of hydroxy- 
ketone 10 with hydrobromic acid and potassium 
hydrogen sulphate in boiling acetic acid. Dione 6, 
bromoketone 12 and dibromoketone 11 were obtained as 
the main products of the reaction of 10 with HBr,. The 
structure of compound 11 was deduced from its PMR 
spectrum in which the characteristic signals of 38-H and 
78-H protons at 6 4.76 and 4.18, respectively, were 
present. Additional proof for this structure was the signal 
of Sa-H proton {S 3.89) strongly deshielded by two axial 
Br atoms. Traces of l-methyltrienone 3 and dienone 4 
were isolated as by-products. Dienone 4, however, was 
the main product of the reaction of 10 with KHS& 
whereas diacetoxyketone 5 and dione 6 were only the minor 
products. The above results are in good agreement with our 
previous conclusions and proposed mechanisms. 

For general cxpcrimcntal directions see Ref. (21. The results of 
the reactions of I with acidic catalysts are summa&d in the 
t&k. 

(a) In acetic acid To a soln of I (1.3820, 0.003 mole) heated 
under rcflux in AcOH (Mml) 0.015 mole of catalyst WBS added 

rapidly and the heating was contim~~I. After a dct%itc time, the 
mixture was cookd, diluted with water aud extracted twkc with 
100 ml portions of bcnzena. Usual work-up pve a crude product 
which was chromatographed on a silica eohtmn. 

The Used qIU&kS Of &i)yStS: p-T&l 2.868, CCl$OoH 
2.45 g. HBr, (40%) 2.2 m1, H&l, (%%) 0.85 ml, CBr$OOH 
4.45 g, Znt& (anhyd) 2.04 g, BF,*EbO (freshly distikd) 2.55 ml, 
p-TsOH.HP 2.85 g, KHSO, (anhyd) 2.04g, HCIO, (605%) 
1.65 ml, HCI, (36%) 1.3 ml, HBF,, (d 1.31) 3 ml. Ph,C@BF,e 
4358 and CF$COOH l.lSml. 

cb) W&W solo& Tk mixture of 1 (1.382 e) and 20 g of 
CCIsCOOH (or CICHsCOOH or CBrsCOOH) or 2Oml of 
CFsCOOH was beated as shown in Tabk 1. Further isolation of 
products as in point (a). 

Reaction of 3~-acctoxy-5a-cholcstan-6-onc (8) with hydtv- 
bromic acid 

To a soln of 8 (6.67g) heated under r&x in AcOH (150ml) 
HBr, (8.3 ml) was added and boil@ was coatinuad for 4hr. 
After usual work-up and chromatography on a silica column tba 
following compounds were obtained, in or&r of tW ehrtiun: 

(1) Compound i2 (2.48Hg; 3X696), m.p. 128.S129” (hW0); 
IR 1721 cm-‘, 718 (C-Br,) cm-‘; PhtR b 0.67 (M?), 0.81 (IPH) 
and 3.94 (m, wI2 = 25 Hz, 3a-H); lit’ q .p. 123’ (HO,&). 

(2) Compound 13 (2.4lSg; 34.696), m.p. 176.SlW (&CO); 
IR 1718em-‘; PMR 6 0.67 (M-H), 0.73 (19-H), 2.83 (dd, J= IO 
and 5 Hz, 5a-H) and 4.77 (m. w/2 = 9 Hz, 3&H); lit.’ m.p. 176’ 
(WCO). 

(3) Compound 14 (0.22g; 3.2%), m.p. 146I& (&CO); 
[al%-79.0’ (c = 0.047, CHsCIs); IR 1707 cm-’ aud 721 (C-Br,) 
cm-‘;PMRd0.65(lbH),0.89(19-H)ad4.lS(ld,J,=I~=lOH~ 
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and J3= 3 Hz, 4a-H). (Found: C, 69.61; H. 9.70. Calc. for 
CnH,JBrD: C, 69.66; H, 9.74%). 

(4) Substrate 8 (1.1 g; 16.5%). 
(5) Compound 15 (0.259g; 2.9%). identical with authentic 

sample2 

Reaction of 38 - tosyloxy - 5 - hydroxy - Sa - choiestan - 6 - one 
(IO) with hydtvbtomic acid 

To a soln of 10 (I .718 g) heated under reflux in AcOH (M ml) 
HBr, (2.2 ml) was added rapidly and boiling was continued for 
20 min. Work-up gave the crude product which was separated by 
column chromatography to yield: 

(1) Compound 11 (0.19g; 11.6%). m.p. 129-131’ (Me,CO); 
[a]$+31.6’ (c = 0.008, CH,CI,); IR 172Ocm-‘; PMR S 0.69 
(18-H), 0.74 (19-H), 3.89 (dd, J =8.7 and 6.6Hz. Sa-H), 4.18 (d, 
J = I.8 Hz, 76-H) and 4.76 (m. w/2 = 7 Hz, 38-H). (Found: C, 
59.50: H, 8.11. Calc. for CZ7H,,Br20: C, 59.56; H, 8.14%). 

(2) Bromoketone 12 (0.161 g; 11.5%), identical (m.p., IR, PMR) 
with the substance obtained in the preceding experiment. 

(3) Some traces of 3, identical (R,, IR and PMR) with the 
compound previously described.’ 

(4) Compound 4 (0.028 g; 2.4%). m.p. 127-130” (EtOH), iden- 
tical with authentic sample’ 

(5) Compound 6 (0.278g; 23.1%), m.p. 171-173” (MeOH), 
identical with authentic sample.’ 

Reaction of hydroxyketone 16 with potatsium hydrogen sdphote 
A mixture of 10 (1.718g) and anhyd KHSO, (2.04g) in AcOH 

(30ml) was heated under reflux for 45 min. The usual work-up 
yielded: 

(I) Dienone 4 0.399g (34.8%), m.p. 128-130” (EtOH), identical 
(m.p., R,, IR and PMR) with the substance obtained in the 
preceding experiment. 

(2) Compound 5 0.08 g (5.3%), oil, identical (R,, IR and PMR) 
with an authentic sample.’ 

(3) Dione 6 0.08g (6.7%), m.p. 170-172’ (MeOH), identical 
(m.p., R,, IR and PMR) with the compound obtained in the 
preceding experiment. 
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