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Abstract-+ stereoselective synthesis of des-A-ring steroids 9, and u has 

been achieved by an intramolecular cycloaddition of 3-isopropenyl-5-(4- 

methoxybenzocyclobutenyl)pentan-e-one-2 -ethylene ketal l and l-(l-methoxy- 

benzocyclobutenyl)-4-methylpent-4-en-3-01 ,& respectively. 

Recently, a number of papers towards the synthesis 

of A-aromatic steroids,2-10 such as estrone 

and estradiol, has been aopeared, in which an 

intramolecular cycloaddition of g-quinodimethane 

derived from benzocyclobutenes or other pre- 

cursors has been utilized as a key reaction. 

Although this type of reaction was already proved 

to proceed stereoselectively. many steps could 

be required in a conversion of A-aromatic 

steroids into the steroids having Clg-methyl 

under correct stereochemistry such as testo- 

sterone and progesterone. In order to synthe- 

sise steroids having Clg-methyl, the conversion 

of D-aromatic D-homosteroids, synthesised by 

the application of the,fbove cycloaddition. 

has been investigated. However, this approach 

has also taken several steps to introduce C,B- 

methyl group and a modification of functional 

qroups at the Cl,-Position his attracted 

much less attention. It would be therefore 

very important to search an efficient method 

for construction steroidal ring system with 

an appropriate functional group at the C17- 

position. For the purpose of this study, we 

undertook the stereoselective synthesis of ste- 

roidal B-C-D ring system with an appropriate 

functional group on D-ring and C,B-methyl group 

with correct stereochemistry by an intra- 

molecular Diels-Alder reaction of benzocyclo- 

butenes, because these tricyclic compounds 

may serve as imoortant intermediates to cor- 

tisone 1 and estradiol x. 
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We firstly took an aim at progesterone-type com- 

pound which has acetyl group at the Cl,-position. 

Thus, 2-(I-methoxybenzocyclobutenyl)ethyl iodide 

z3 was treated with pentane-2.4-dione ,!J, in the 

presence of potassiun carbonate in acetone to 

give the diketone 2 in 81.2 % yield. Ketal 

exchange reaction of 2 with 2-ethyl-2-methyl- 

1.3-dioxolane12 in the presence of a catalytic 

amount of TJ-camphorsulfonic acid in methylene 

chloride afforded the mono-ketal compound 6, in 

95 96 yield. Wittig methylenation of & with 

triphenylmethylphosphonium bromide and n- 

butyllithium gave the olefin 1, m& 302 ($), 

whose RHR spectrum exhibited olefinic protons 

as a singlet (2H) at 4.74 ppm. Heating a 

toluene solution of 1 in a sealed tube at 190 - 

200' for 7 hr furnished the trlcyclic compound 
13 

Q, & 302 (y+), in 64 X yield. The stereo- 

chemistry of CO ring juncture was deduced to be 

trans from its HEIR spectral data, which showed 

an angul:; methyl resonance as a singlet (3H) at 

0.63 ppn. This stereoselectivity is rationalis- 

ed by assuming that the reaction proceeds via - 

the intermediate A rather than 8 in the least 

sterically hindered manner as depicted in 

scheme 2. 

Scheme 2 

*yip ,_ trans 

In order to determine the stereoch?istry of the major ketone was again treated with potassium 

acetyl group at the C,-]-position, the ketal t-butoxide to produce a mixture of 2 and ,I& in 

compound I was treated with 10 % aqueous hydro- the same ratio. Asthis enuilibration was 

chloric acid in tetrahydrofuran to give the 

ketones & and JQ as an epimerlc mixture in the 

also obse;;ed in the case of pregnenolone-type 

compound, the stereochemistry of the major 

ratio of 10 : 1 (an angular methyl resonance compoud 2 was assigned to have 8-acetyl group 

at 0.52 ppm for 2 and at 0.90 ppm for JJ) The tentatively. 

Scheme 3 
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Our attention focused next on the synthesis of due to the hydroxyl group and resonances due 

estrone-type compound which bears hydroxyl group to the olefinic protons at 4.75 and 4.86 as 

at the C17-position. The requisite starting an each singlet in its NMR spectrum. Thennolysis 

material for a thermolysis was synthesised as of this olefinic alcohol a at 180' for 6 hr 

follows. 

IJI16 

Alkylation of the benzocyclobutene 

with brwacetal G17 

via the c-quinodimethane afforded the cyclised _ 

in liquid ammonia compounds u and a with EC trans ring juncture 

in the presence of sodium amide qave the acetal stereoselectively in 85.5 % yield in the ratio 

@, in 96.2 % yield, whose reductive decyana- 

tion with sodium in liquid amnonia furnished 

the decyanated acetal #, in 74.2 % yield. The 

aldehyde ,Q, obtained by deacetalisation of 

&$ with 10 Z aqueous hydrochloric acid in 

acetone was treated with isopropenylmagnesium 

bromide in tetrahydrofuran to afford the 

olefinic alcohol 16. m/e 232 (M+), in 55.9 X - 
yield from M. This derivative exhibited an 

absorption at 3450 cm -1 in its IR spectrum 

of 1 : 1. The conversion of the unnatural- 

type of alcohol ,@ to the natural-type of 

alcohol u was effected by oxidation of .# with 

Jones reagent to the ketone ,Q followed by 

sodium borohydride reduction in 64.7 % overall 

yield. The alcohol ,& identical with the 

authentic specimen 18 provided by Prof. J. Mathieu, 

was converted with lithium 

in the presence of ethanol 

enone &Q in 58 % yield. 

in liquid ammonia 

to the tricyclic 

A R2 

Scheme 4 
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Thus, the stereoselective synthesis of des-A-ring 2-one-2-ethylene ketal z. To a stirred soln 

steroids having an appropriate functional group of triphenylmethylphosphoniun bromide (0.72 g) 

at the C17-position and the C,B-methyl group in dry THF (12 ml) was added n-SuLi (0.128 g) 

with correct stereochemistry was achieved by an at room temo in a current of N2. After the 

intramolecular cycloaddition of benzocyclobutenes. mixture had been stirred for further 3 hr, a 

and this approach would be a useful route for 

the synthesis of steroids having C19-methyl 

group . 

General -* IR spectra were obtained with a Hitachi 

260-10 spectrophotometer, NMR spectra with a 

JEOL JNH-PMX-60 instrument (lMS as an internal 

reference), and mass spectra with Hitachi M-526 

and JMS-OlSG-2 spectrometers. 

3-Acetoxy-5-(4+nethoxybenzocyclobutenyl)penta- 

2-= 5,. A mixture of the iodide 3, (1.2 g). 

K2C03 (1.86 g). pentane-2,4-dione (1.54 g) and 

dry NeOH (17 ml) was refluxed for 16 hr in a 

current of N2. After evaporation of the solvent, 

the residue was treated with water and extracted 

with ether. The ethereal layer was washed with 

saturated NaCl soln and dried (Na2S04). Evapo- 

ration of the solvent afforded an oil which 

was subjected to silica gel column chrcunato- 

graphy. Elution with n-hexane-CHCl3 (6 : 4 v/v) 
gave the diketone 5, (0.81 q, 81.2 %) as needles, 

mp 83 - 86' (MeOH). (Found: C, 73.55, H, 7.73. 

C16H2003 requires C, 73.82; H, 7.74 I). IRumax 

(CHC13) 1690 (C=O) cm"; NNR (CC14)6 2.13 (6H. . 

s, 2 x COCi$). 3.72 (3H, s, OCl$). 6.50 - 7.02 

(3H , m, 3 x Ar-H); NS m/e 260 (M'). - 
3-Acetoxy-5-(4-methoxybenzocyclobutenyl)pentan- 

2-one-2-ethylene ketal 6,. A soln of the diketone 

$ (2.12 9). 2-ethyl-2-methyl-1.3-dioxolane (9.35 

P) and P_camphorsulfonic acid (8.29 9) in dry 

CH2C12 (400 ml) was stirred at ambient temo 

for 2 hr in a current of N2. The mixture was 

basified with saturated NaHC03 and the organic 

layer separated was washed with water and dried 

(Na2S04). Evaporation of the solvent gave an 

oil which was chromatographed on silica gel 

using n-hexane-AcOEt (85 : 15 v/v) as eluant 

to give the monoketal compound 4 (2.36 g. 95 X) 

as an oil. (Found: C. 70.76; H, 7.76. C18Hi404 

soln of the ketal 4 (42 mg) in THF (10 ml) was 

added and then stirred at ambient t.e!nnfor 5hr. 

The resulting mixture was treated with NH4Cl 

and extracted with benzene. The extract was 

washed with water and dried (Na,SO,). Evapora- 

tion of the solvent gave an oil which was chro- 

matographed on silica gel using n-hexane-AcOEt 

(95 : 5 v/v) as eluant to afford the olefin 1 
(22 mg, 52 X) as an oil. 

ti 
vmax.(CHC13) 895 cm-' 

NMR (CC14)6 1.16 (3H. s. -C'-W3). 1.69 (3H. s. 

C=W3), 3.69 (3H. s, 0Ck3). 3.88 (4H. s, 

OCH$$O), 4.74 (2H, s. C%=C). MS m& 302.1860 

(M+) (Calcd. for C1gH2603 302.1880). 

anti-trans-1-Acetyl-4.5-(Q-methoxybenzo)-8B- 

methylhydrindane ethylene ketal 4. A soln of 

the olefin 1 (194 mg) in toluene (19 ml) was 

heated at 190 - 200' for 7 hr in a sealed tube. 

After evaporation of the solvent, the residue 

was subjected to silica gel column chromatography. 

Elution with n-hexane-AcOEt (95 : 5 v/v) afforded 

the tricyclic compound t (125 mg, 64 9) as an 

oil. (Found: C, 75.29; H. 8.60. C1gH2603 require 

C 

p 

75.46; H. 8.67 %), tWR (CC14) 60.63 (3ii, s. 

- 'CH& 1.32 (3H. s. C3-CH.& 3.74 (3H. ,s, OCS), 

3.92 (4H. s, OC%CsO); MS m& 302 (M'). 

anti-trans-lB-Acetyl-4.5-(4_methoxybenzo)-80- 

_methylhydrirxiane 9,. A soln of the ketal @, (125 

mg), 10 % HCl (2 ml) in THF (10 ml) was stirred 

at ambient tempfor 4 hr. The soln was basified 

with NaHC03 and the organic layer separated was 

washed with water and dried (Na2S04). Removal 

of the solvent gave the ketone 2 and ,& which 

was recrystallised from MeOH to afford ,!), (69.5 

mg, 65 %) as needles, mp 65 - 66'. (Found: C, 

78.84; H. 8.39. C17H2202 requires C, 79.03; H, 

8.58 %). IRv,, (CHC13) 1700 (C=O) cm"; NNR 

(CBC13) 60.52 (JH; s, C8-CE3), 2.19 (3H. s. 

COC!,). 3.74 (3H, s. OCt$). MS m/e 258 (El+). 

Equilibration of 9, using potassium t-butoxide. 

To a stirred soln of t-BuOK [prepared from K 

(5.1 mg) in t-BuOH (2ml)) was added a soln of 

the ketone $ (17 mg) in dry t-B&H (3 ml) and requires C, 71.02; H. 7.95 X). IR v,(CHC13 

1710 (C=O) cm -'; NMR (CC14)5 1.20 (3H. s. p - CC%), the mixture was refluxed for 16 hr in a current 

2.13 (3H, s, COW& 3.70 (3H. s. OCy3), 3.92 of N2. After evaporation of the solvent, the 

(QH, S. OCH$Z! 0). 6.50 - 7.01 (3H, m. 3 x Ar-fl). residue was diluted with water and extracted with 

MS m/e 304 CM+). benzene. The benzene extract was washed with 

3-Isopropenyl-5-(4-methoxybenzocyclobutenyl)pentan- saturated NaCl soln and dried (Na2S04). Removal 



of the solvent and chranatography of the residue 

on silica gel using n-hexane-AcOEt (95 : 5 v/v) 

as etuant gave a mixture of8 andx Cl0 : 1 

(NMR)] (9.5 mg, 56 %f as needles, identfcal 

with the mixture of? and Nobtafned above 

[IR fCHCl3) and NHR (CDCl,f spectra], 

l-(l-Cyano-4-methoxybenzocyclobutenyl)propanal 

ethylene acetal a. To a stirred soln of 

N&ii2 [prepared from Ha (2.2 g)] fn liquid NH3 

was added a soln of the ~n~oc~lo~tene~(l4.4 

g) in THF [SO ml). After the mixture had 

been stirred for 15 min. a soln of the bromo- 

acetal &?, (16.4 g) in THF (50 ml) was added 

to the above soln and the resulting mixture 

was stirred for further 1 hr. After ad- 

dition of an excess of NH4Cl, the solvent 

was evaporated to give the residue, which 

was diluted with water and extracted with 

ether. The ethereal layer was washed with 

water and dried (Na,SO,). Removal of the 

solvent gave an oil which was subjected to sltfca 

gel column chromatography. Elotion with n-hexane 

AcOEt (8 : 2 v/v) furnished the acetal M (22.5 

g, 96.2 X) as an oil. (Found: C, 68.03; H, 6.78; 

N, 4.90. Cl~H17N03.U.25~20 requires C, 68.29; 

H, 6.59: N, 5.30 %). IRv,, (CHCl3) 2230 (CN) 

cm -'; NMR (CCt4) b1.95 f4H, 5; -CH$$C:;]). 

3.13 flH, d, J = 14 HZ, A@, 3.65 (lH, d, J = 

14 Hz, ArCY_), 3.80 (3H, s. OCt?J), 3.75 - 3.82 

(4H, m, OCHHCti;OI, 4.80 flH, t, J = 4 Hz, Ct&, 

MS m/e 259 &+). - 
~-~4-~thoxybenzocyc~obutenyl)p~~na~ ethylene 

To a stirred soln of the &eta1 u acetal & 

(14.6 g) in liqufd NH3-THF (98.2 v&)(1 l)was 

added Na metal (3.10 g) in small portions and 

the mixture was stirred at -33' for 2.5 hr. 

After addition of an excess of NH4C1, the solvent 

was evaporated to give the res-fdue, whose 

ethereal extract was washed wjth water and dried 

(Na2S04). Evaporation of the solvent afforded 

an 011 which was subjected to silica gel column 

chromatography. Elution with n-hexane-AcOEt 

(8 : 2 v/v) gave the acetal x (9.76 g. 74.2 %) 

as an oil. {Found: C, 69.21; H, 7.76. C14H,603* 

0.5H20 requires C, 69.11; H, 7.87 a;). IRumax 

(CHC13) 1125 cm"; ’ MIR (CDC13)6 3.60 (3H, s. 

OCHH), 3.70 - 3.81 f4H, m, OCU$H.Jl)S 4.75 flH, 
t, Y = 4 Hz, Cl@, 6.50 - 6.95 (3ti, m, 3 x Ar-I$, 

MS m/e 234 &+I. 

teq for 7mln, basifled with saturated 

NaHC03 and extracted with ether. The ethereal 

layer was washed with water, dried (Na2S04) 

and evaporated to give the residue which wits 

ch~tograp~d on silica gel using n-hexane- 

AcOEt (85 : 15 v/v) as eluent to afford the 

aldehyde 14 (69 mg, 70.8 X) as an oil. IR umsx 

(CHCl3) 1720 (GO) cm-'; NMR (CDC13)63.75 ’ 

I-(Gthoxybenzocyclobutenyl)propanal ,@_ A 

solution of the acetal #, (120 mg) and 10 % HCl 

1.1 ml) in Me&O (2.2 mlf was stirred at ambient 

(3H, st OCS), 6.55 - 7.00 {3H. m, 3 x A@, 

9.75 flti, t, 3 = 3 Hz. CEO); MS nr/e l~.l~l 

CEi> (Calcd. for CT2H1402 190.0994). 

l-(4-Methoxybenrocyclobutenyl)-4-methyl-4- 

penten-3-a G. To a stirred soln of isopropenyl- 

magnesium bromide [prepared fran fsopropenyl 

bromide (363 mg) and Hg (100 mg)] in THF (6 ml) 

was added a soln of the aldehyde @ (380 mg) in 

THF f2 ml) at room trrmp. After stlrrfng for 

1 hr at room tq,the mixture was treated with 

saturated NH4Cl soln and extracted with ether. 

The ethereal extract was washed with water, 

(Na2S04) and evaporated to give an oil whfch 

was subjected to sflfca gel column chromatography. 

Elution with n-hexane-CHf.13 (92.5 : 7.5 v/v) 
afforded the alcohol 8 (302 mg, 79 X) as an oil. 

(Found: 74.69; H, 8.20. C~6H2002*O*5H20 requires 

C, 74.65: H, 8.77 X). SRumax ~~H~13~ 3450 (OH) 

cm-‘; NMR (EDC13)6 1.70 (3H. s: W3), 3.70 

f3H, s, OCst3). 4.75 (1H. s, C=C:#j, 4.86 flH, s, 

C&I. 6.49 - 6.95 (3H, m, 3 x Ar-Ii): MS rnh 

232 FE+,. 

antf-trans-~B-Hyd~xy-4,5-~4-net~xybenzo!-88- 

~thylhydr~ndane a and ants-trans-~a-H~ro%~~ 

d,S-~4-~thoxy~n~o~-8~-~thylhydrindane ,I& 

A soln of the alcohol #, (2.0 g) in toluene 

(75 ml) in a sealed tube was heated at 180' for 

6 hr. After evaporation of the solvent, the 

residue was subjected to silica gel column 

chronratography. Elutfon with n-hexane-AcOEt 

(9 : 1 vlvf afforded the l&hydrctxy compound 

a (850 mg, 42.5 %),mp 73 - 75'(MeOH). (Found: 

C, 76.07; Ii, 9.18. C~S~2002.0.25H20 requires 

C, 76.07; H, 8.73 X). IRu,, (CHCI,) 3600 [OH) 

cm -'; MR (CDC13)60.63 f3H, 4, C8-CB3t, 3.75 

(JH, s. OCf&); MS m& 232 (Et), whose spectral 

data were superimosable with those of the 

authentic sample provided by Or. J. Mathieu. 

Elutfon with n-hexane-AcOEt (85 : 15 v/v) 

afforded the la-hydroxy contpound ~(~0 mg, 

43 a) as an off. IRumax~((CHC13) 3600 (OH) cm"; 

NHR @Cl,)6 0.56 f3H, s, C8-CH& 3.69 (3H, s, 

0CB3). 6.42 - 7.00 (3H. m, 3 x Ar-t-l_); MS m/e 
I 
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anti-trans-1-Keto-4.5-(4-methoxybenzo)-86- 

methylhydrindane ,j,$. To a stirred soln of the 

alcohol a (960 mg) in Me2CO (30 ml) was added 

81 Cr03 in liZSO (Jones reagent) (1.28 ml) at 

0' and the stirring was continued for 15 min. 

The mixture was diluted with water and extracted 

with AcOEt. The extract was washed with water 

and dried (Na2S04). Removal of the solvent 

gave the ketone ,Q (760 mg, 79.2 X), mp 111 - 

113' (n-hexane). 1R~,~~.(CtlCl~) 1740 (C=O)cm-'; 

NMR (COC13)60.70 (3H, s. C8-C13), 3.75 (3H. s. 

0Ut3), 6.50 - 7.10 (3H. m. 3 x At--H); MS m/e 

230 (M+). 

Reduction of the ketone ,jA with sodium boro- 

hydride. To a stirred soln of the ketone u 

(6 mg) in EtOH (3 ml) was added Na8H4 (4.9 

rug) at rocm tm,and the stirring was con- 

tinued for 1 hr. The mixture was diluted with 

water and extracted with CH2C12. The extract 

was washed with water, dried (Na2S04) and 

evaporated to give the 16 alcohol u (4.9 mq, 

81.7 X), identical with the authentic sample 

obtained above. 

anti-trans-lR-Hydroxy-86-methyl-4,5-(4'-keto- 

1',2'.3'.4'-tetrahydro)hydrindane 20. To a 

stirred soln of the alcohol u (lO?ntg) in 

liquid NH3-THF (2 : 1 v/v) (45 ml) was added 
dry EtOH (15 ml) and Li metal (20 mq). After 

stirring for 2 hr. the solvent was evaporated 

and the residue was extracted with CH2C12. 

The extract was washed with water, dried 

(Na2S04) and evaporated to give the residue 

which was dissolved in MeOH (9 ml) and 10 % 

HCl (1 ml). The resulting mixture was stirred 

at room tempfor 12 hr and diluted with water. 

The aqueous layer was extracted with CHC13 

and the extract was washed with saturated 

NaHC03 soln and water, and dried (Na2S04). 

Evaporation of the solvent afforded the residue 

which was chromatographed on silica gel using 

n-hexane-AcOEt (8 : 2 v/v) as eluant to give 
the enone ($,Q) (55 mg. 58%) as needles, mp 

101 - 102' (ether-n-hexane). (Found: C. 76.07; 

H. 9.18. C14H2002 requires C. 76.32; H. 9.15 %). 

IRVMX (CHC13) 1665 (C=O) cm-'; NMR (COC13) 

60.87 (3H. s. C8-CE3), 5.78 (1H. s. olefinic 

proton); MS m/e 220 (F+). 
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