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Summary: Tnbutylun hydnde mducuon of a 19-mdo-9( 1 I)-androstene derivative stemoselecuvely produces 
B-homosuzotds of the 9(10+19)&c-type. 

B-Homosteronls of type I have been obtamed by Wolff-K&tier reduction of 1 I-oxo-96,10&cyclost 1’) 
and, more recently, by acid cleavage of cyclopropane derivative 2 ‘). Both approaches onginally auned at the 
synthesis of progesterone and testosterone 9B,lOB-cycle analogues failed to produce the desired result, 
instead sterords of the 9(10+19)abeo type were isolated as C-10 eplmenc mixtures, -cult to separate by 
either chromatography or crystalhxauon 
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Wolff-Ktghner redmtlon 

Cons&zing the rather tedious preparation of precursors 13) and z2) we began to search for a new concept 
that, hopefully, would provide 9(10*19)abeo steroids more convemently and stereoselecuvely 
Furthermore, our pmvlous work21 m the field contamed an element of uncertainty since contlgurahonal 

assignment at C-10 for epuners & had been based solely on CD-spectroscopic data 

Well-known 5u,lOc+epox& 3 conveniently accessible by various routes4) served as starting material for 
our new approach SN2 opening with dU%hykhmUUUn Cyatllde Ckdy proceeded with fOrmaaOn Of 
D-hydroxy mtnle @. Reduction of 4 with &rsobutylalununum hydride followed by a tartanc acid work-up - 
resulted m the fonnauon of aldehyde 5 which after protection at C-17 (acetate) was further reduced with 
sodmm borohydnde to give C-19 alcohol 6. 
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Conversron to iodrde 2 was effected by the procedure recently described by Lange@. After saponrficatron, 
mdo-drol 2 was subjected to radrcal formatron 7? Tnbutylun hydnde concentranon turned out to be the 
crmcal parameter of selecuvny*) 
Perfornnng reducaon of 2 wnh a hrgh statronary concentraaon of tm hydrrde, we obtamed three products 
whrch were separated by chromatography and, in the order of eluuon, idenufied as & (1.396,mp 
226228°C. [a],, -32 S’, CHCls, c = 0 51), 2 (57 9%. m p 210-212“C. [a]~ -22 00, CHCls. c = 0.525) and sb 
(28 8%, m p 183-185“C, [c& -69.1°, CHC13, c = 0.505) 
Product ratto was almost reversed when stanonary hydnde concentrauon was kept low. Upon slow addmon 
of mbutylun hydrrde to a gently borlmg soluhon of lodrde 2 and axoblslsobutyronnnle in benzene formatron 
of 9 became drasucally suppressed to give a product drsmbunon of & (12 3%), 9 (8%) and sir (78.5%) 

OAC 

f! (87%) I N&H,, C&lo 
THF 

Bu$nH, AIBN, 
benzene 

I 
OH + OH 

As expected pnmary ra&cal i IS perfectly located to interact wuh a 9(1 l)-double bond9) to form 
cylopropylcarbmyl radical fi which rmmedrately rearranges to gve tertrary radrcal & Hydrogen transfer 
occurs stereoselecnvely to favor lCk+eprmer & Thus result IS m marked contrast to the rano of 
C-lo-eptrners observed by Kupchan and coworkers’) upon Wolff-Krshner reducnon of precutsor 1 (nla = 6 
4) Therefore, rt appears highly unhkely that deoxygenauon of cylopropyl ketone 1 runs through a radmd 

mtermedtate Cur fmdmgs are m agreement with a recent study by Taber’O) armed at provmg the 
mtermedracy of a carbanron dunng Wolff-Krshner reducnon 



Synthesis of 9(10+19)abeo-steroids 

After acetate formation at C-17. maJor isomer & delwered smtable crystals for X-ray analysis. Thus 
unambquous assignment of configuration was sealed. 

Figure 1: Molecular structum of & (17j&cctate) 
on the basis of X-ray co&mates. 

Acid treatment (2n-H#O,,, acetone, 50%) of epimers 8a and sb yielded unSatma@d ketones % 6n.P. 

146-148T, [a]&6.3”, CI-N&, c = 0.505) and 10b (m.p. 162-163OC, [a]&6.8o, CHCl3, c = O.%S), whit% 

could be compared with their counterparts obtamed by our previous route. 

The assignments made m our 1987 repor$ for C-10 con@ration tumed out to be wrong; our false 
mterpretation of the CD spectroscopic data had suffered from an incorrect prediction of the confomution 
that a seven-membered rmg would preferenhally adopt m the case of compounds 1os,b. 

a = 10&H 
b=lOc+H 
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Experimental 

Generul 
‘H- and “C-NMR spectra were taken on Bruker AMX-500 and Bruker ‘AC-300 spectrometers usmg 
standard software Chemical sh&s are reported m 8 values relative to the a-ate nference signals 
(tetramethylsdane* 8 = 0 00 ppm. CDCl3: 6 = 77.0 ppm) Melting pomts were determined on a Kofler 
hot-stage apparatus and are uncorrected. The optical rotauons were measured 111 chloroform ~rlth 
Perkm-Ehner Polanmeter 241 IR-spectra were recorded on an Bruker IFS 25 spectrometer. Mass spectra 
were taken on a VG 70-70 E (Fisons Instruments) Elemental analyses were performed by the Department of 

Analytical Chennstry of Schenng AG. 

lO~-Cyano-3,3-(22-dunethyl-mmerhyle~d~o~)-9(lI)-esnene-Sa,l77-drol GJ). A 0.66 M solution of 
&ethyalummum cyamde m toluene (294 ml, 194 mmol) was added dropvvlse with ice-water coolmg to a 
solution of epoxlde 3 (28 g, 74.7 mmol) m methylene chkmde (84 ml). After titian stunng was contumed 
for 25 mm at ambient tempera- whereupon the reaction soluaon was slowly dnpped mto Ice-cold 2N 
NaOH (200 ml). The methylene chloride phase was separated and washed with water and brine. After 
drymg (NazSO4) and evaporatton m vacua , the crude product was recrystalhzed ftom methylene chloride 
/dusopropyl ether to yield lO&cyano-3,3-(2,2&ethyl-trune&ylentioxy)-9( l l)-estren-Sa,l7- do14 
(25 3 g, 84 3%), mp 218-22ooC. ‘H NMR (90 MHz,CDC13) 6=0, 0 78 ppm (s,3H,H-18). 0.92 
(s,3H,ketal-CH3, 1.02 (s,3H,ketal-CH3), 3 38-3.70 (m,4H,ketal-CH& 3.74 (m,lH,H-17), 4 41 
(s,lH,Sa-OH). 5.60 (m,lH,H-11). IR (KBr) 3520 and 3480 cm-l (OH), 2230 (CN) 

3,3-(22-Dunethyl-mmet~lenedroxy-I0P-fonI)-estrene-5al7~--drol (sa). A 20% solution of 
dnsobutylahunmum hydnde m toluene (260 ml) was slowly added to mmle 3 (22.3 g, 55.5 mmol) &ssolved 
in toluene (370 ml). Temperature was kept at -WC and mamtamed for 60 mm after hydnde &tlon A 

soluhon of tartanc acid (5% m water, 500 ml) was freshly prepared and added dropvvlse to the reaction 
nuxture. S-g was contmued for 15 h with a gradual temperature nse to 25“C. The suspension, thus 
formed, was filtered through Cehte, the filter residue bemg washed with ethyl acetate The orgamc phase 
was separated from the f&rate, dned over Na$Od and evaporated to gve crude aldehyde $g 
Recrystalhzation from hexane/dusopropylether yielded 19 0 g (84 5%), m p 148-15oOC, [aID -209.2“ 
(CH$l2, c = 0 565). ‘H NMR (90 MHz, CDCl3) 6 = 0 64 ppm (s,3H,H-18). 0.92 (s,3HJcetaLCH3), 0 97 
(s,3H,ketal-CH3), 3.51 (m,4H,ketaLCHd, 3 72 (m,lH,H-17), 4 47 (s,lH,Sa-GH), 5 63 (m,lH,H-11); 9.09 
(s,lH,CHO) IR (KBr) 3495 cm-’ (OH), 1725 (0) 

I7~-Acetoxy-3,3-(2~-d~methyl-n~~thylenedroxy)-lO~lfonnyl-9(ll)-estren-Sa-ol (5b) A solunon of 

aldehyde s (5.0 g, 12 4 mmol) m aceuc anhydnde (20 ml) and pyndme (10 ml) was stured at room 
temperature for 12 h Excess anhydnde was destroyed by slowly pounng the reaction rmxture mto saturated, 
aqueous NaHCe, solution Extraction wltb ethylacetate and recrystallization of the crude product from 

dusopropyl ether gave acetate a 
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(5 2 g, 94.2%). m.p. 151-153 Oc, [c& -217.4” (C!H$& c = 0.505). ‘H NMR (400 MHz, CD@): 6 = 0.70 
ppm (s3H,H-18). 094 (s,3H,ketaLCH~), 0.98 (s,3H,ketal-CH& 2.05 (s,fH,OAc); 3.49-3 60 
(m,4H&etal-CH& 4.48 (s,lH,Su-OH); 4.69 (m,lH,H-17); 5.62 (m,lH,H-11); 9.10 (s.lH,CHO). IR (KBr): 
3500 cm-l (OH); 1740 and 1725 (GO) Anal&c. for C&I-I%O, (446.58): C!, 69.93% H, 8.5896, 0, 
21.50%; found: C, 69.89%, H, 8.53%; 0,21.25% 

17-Acetoxy-3,3-(2,2-dmetI&mnethylene&oxy)-IO/S hydroxymethyl-9(11)-estren-Sa-ol @. AM&y- 
de 3 (5.6 g, 12 5 mmol) &ssolved in THF (68 ml) and methanol (68 ml) was combmed ~th a solution of 
CeCl~ (heptahydrate) m methanol (68 ml) After coohng the mu~ture to 5T, sodmm borohydnde (533 mg) 
was added m one pomon and stmmg contmued for 60 mm. Ddutlon ~th water and extractton ~th 
methylene chlonde was followed by chromatography on neutral alumma Eluuon wtth hexane/ethyl acetate 
gave alcohol 5 (4 68 g, 83.2%). mp. 193-195T (CH$&, dusopmpyl ether), [a]~ -21.2O (CHCl~, c = 0.5) 
‘H NMR (500 MHz, CDQ): 6 = 0 76 ppm (s,3H,H-18). 0 92 (s,3H,ketaLCH& 1.00 (s,3H,ketal-CH$; 2.06 
(s,3H,OAc), 3 40-3 71 (m,6H,ketaLCH~ and H-19), 4 69 (m,lH,H-17); 5 42 (m,lH,H-11) IR (KBr): 3500 

cm-l (OH), 1735 (0) Anal talc. for C&I&& (448 49). C, 69.61%. H, 8.99%, 0, 21.4096, found: C, 

69 48%. H, 8.83%, 0,21.45% 

I7~-Acetoxy-3~-(2~-&~t~l-trMethylenedI)-estren-5a-ol(7a) Mine 
(3 34 g) was added pomonwtse to a precooled (0oC)solutton of alcohol 6 (6.0 g, 13 4 mmol), 
mphenylphosphme (6 9 g) and umdazole (179 g) in THF (75 ml). Iodme addmon was followed by vigorous 
stmmg for another two hours at room tempemhuc, whereupon the reacaon mtxture was poured mto 
NazSz03 solution (5% tn water) and extracted with ethyl acetate Column chromatography on neutral 
alumma wtth hexane/ethyl acetate yielded l&de a* (7.15 g, 95 7%), mp. 99-102OC (hexane/dusopropyl 
ether), [a]~ -24 9’ (CHC13, c = 0 505) ‘H NMR (300 MHz, CDCl,). S = 0 88 ppm (s,3H,H-18), 0 92 
(s,3H,ketal-C!H& 102 (s,3H,ketal-C!H& 2.06 (s,3H,OAc); 3.40-3.73 (m,6H,ketaK!H~ and (X2-I); 4.55 
(s,lH,Su-OH), 4.68 (m,lH,H-17), 5 30 (m,lH,H-11) IR (KBr) 3500 cm-’ (OH); 1738 (GO) 
* Even after recrystalhzatton the product contamed an tmpunty (< 5%) uienhfied as compound I 

OAC 

1, ‘H NMR (300 MI& CDCW. 6 = 4 49 ppm (d,J=4 6 Hz,lH,H-19), 0.68 (ddJ=4 6 and 1 6 Hz,lH,H-19); 

0 90 (%3HS-18), 0 96 (s,3H,ketal-CH3), 0 99 (s,3H,ketaLCH$, 2 06 (s,3H,OAc), 3 48-3.63 
(m.4H.ked-W), 448 (d,J=14 Hz,lH,5u-OH), 4 77 (qJ=7 5 and 13 Hz.~H,H-17), 5 19 (d,~=io 
I-WI-&H-ll), 5.98 (d,J=lO I-Iz,lH,H-12) 
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3,3-(22-D~t~l-tt~l~~~)-lO~-i~~t~l-9(ll)-~~e~-Sa,l7~- dial (76). A suspensionof 
lodo-acetate 7a (2.26 g, 4.0 mmol) and potasslum carbonate (10 g) m methanol (10 ml) and water (3.5 ml) 
was surred at room tompcratm for 4.5 h. After drlution wrth water and extraction with ethyl acetate the 
crude product was filtered through neutral alumma (200 g). Ehuion with hexane/ethyl acetate and 
crystalhratton from ethyl acetate/chtsopropyl ether ytelded iododtol7b (1.55 g, 74.2%). lap. MO-142oC, 
[alo -8 4O (CHQ, c = 0.520) ‘H NMR (300 Mhz, CD@): 6 = 0.84 ppm (s,3H,H-18); 0.92 
(s,3H,ketal-CH3), 1.01 (s,3H,ketal-CH3); 3.42-3.79 (m,7H.ketaXH~JI-17,CH.& 4.55 (d,J = 1.2 
Hz,lH,OH); 5.32 (m,lH,H-11) 

Tnbumltin hwkide reduction of todtde (7b) 
Procedure A (low stationary hydnde concentration): A solunon of iodide m (1.4 g. 2.7 mmol) and 
azoblslsobutyronitnle (20 mg) 111 benxene (35 ml) was heated to gentle mflux. Tributyltin hydmde (1.64 ml) 
was slowly added dmpwrse (1 drop/mitt) After complete additton heating under mflux was continued for 60 
mm, before the reaction mtxtum was cooled to room temperature and pouted into NaF-solunon (5% 111 
water). Dtlution wnh ethyl acetate and phase separahon resulted in an oily crude product which was 

chromatographied on neutral ahunina (hexanejethyl acetate) to give in the order of elution: 
& (130 mg, 12.3%), mp. 226228OC. [a]o -32.5O (CHCls, c = 0.51). ‘H NMR (300 MHx, CDC13): 6 = 0 78 

ppm (s.3H.H-18);_0.92 (s,3H,ket&CH3); 1 01 (s,3H,ketaK!Hs); 3.45-3.59 (m,4H,ketal-CH~; 3.69 @.I = 
1 4 Hx,lH,OH); 3.73 (m,lH,H-17); 5.28 (m,lH,H-11). Anal talc. for C&H3s04: C, 73.81%; H, 9.81%; 0, 
16.39%, four& C, 73.83%. H, 9 71%; 0,16.36% 
2 (148 mg, 14%), m.p 210-212°C, [a]~ -22.00 (CHCls, c = 0.525). ‘H NMR (300 MHZ, CDCls): 8 = 0.70 
ppm (s,3H,H-18). 0 95 (s,3H,ketaLCHs), 0.98 (s,3H,ketal-CH3); 1.12 (s,3H,H-19); 3.46-3.59 
(m,4H,ket&CH~, 3 74 (m,lH,H-17), 4 29 (d,J = 14 Hx,lH,OH); 5 33 (m,lH,H-11). 

& (770 mg, 72.8%), mp 183-185OC. [a]~ -69 lo (CHCls, c = 0 505). ‘H NMR (300 MHz, CDC13)* 8 = 

0 73 ppm (s,3H,H-18), 0 92 (s,3H,ketalCHs), 1 02 (s,3H,ketsl-CH3), 3.46-3.52 (m,4H,ketaLCH.& 3.74 
(m,lH,H-17). 4 09 (broad s,lYOH), 5 37 (m,lH,H-11) 

Procedure B (hrgh stanonary hydnde concentranon). A solunon of iod& a (16 g, 30.9 mmol), 
azoblslsobutyronimle (35 mg) and Bu3SnI-I (18 7 ml) m benzene (350 ml) was heated under mflux for 2 h 
Workup and chromatography as described above gave* & (160 mg, 1.3%), 9 (7.0 g, 57.9%). and & (3.49 g, 
28 8%) 

17~-Hydroxy-9(1~19)abeo-I0P_androsta~,9(1l)-dren-3-one (Ioa). A soluuon of & (336 mg, 0.86 

mmol) m acetone (8 ml) and 2N H$04 (1 ml) was stirred at 5oOC for 15 h. After cooling the nuxtum IS 
diluted wnh water and extracted wtth ethyl acetate 
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Chromatography on s&a gel wrth ethyl acetate/hexane and crystalhzahon from ethyl acetate/dirsopropyl 
ether provrdes &jg (218 mg, 88 5%), m p 146-148°C. [alo -46.3“ (CHCls, c = 0.505). ‘H NMR (300 MHz, 
CDCls): 6 = 0 74 ppm (s.3H.H-18), 3 73 (t,J = 7 5 Hz.lH, H-17); 5 38 (m,lH,H-11); 5.82 (s.lH,H-4) 

17~-Hydroxy-9(10+19)abeo-10a-androsw4,9(11)-d~en-3-one (Iob) Compound @ (395 mg, 101 mmol) 
in acetone (8 ml) and 2N HaSO4 was stured at 5oOC for 3 h Usual workup and chromatography as above 
yreld enone 10b (248 mg, 85.6%), m p 162-163“C (ethyl acetate/dnsopropyl ether), [a]r,-46.80 (CHCls, c = 
0 525) ‘H NMR (300 MHz, CDCls) 6 = 0 76 ppm (s,3H,H-18). 3 76 (t,J = 7.5 Hz,lH, H-17), 5.50 
(m,lH,H-1 l), 5.82 (s.lH,H-4). Anal talc for C1&& (286 41). C, 79 68% H, 9 15%,0, 11 17%. found: 
C, 80.05%, H, 8.85%,0. 11.54% 

X-ray crvstalloarauluc structure detenmnauon 

17B-Acetate of &: A soluaon of @ (600 mg) m aceuc anhydrrde (5 ml) and pyndme (2.5 ml) was stnred at 
room temperature for 16 h Usual workup and crystalhzauon from ethyl aceta&lusopropyl ether gave the 
acetate (520 mg), m.p. 203~204OC, [a]u-71.00 (CHCls, c = 0.505). ‘H NMR (300 MHz, CDQ) 6 = 0 78 
ppm (s,3H,H-18), 0 92 (s,3H,ketaECHs), 1 02 (s,3H,ketalCHs), 2 05 (s,3H,OAc), 3.47-3.62 
(m,4H,ketalCH$, 403 (s,lH,OH), 4.70 (t.J = 7.5 Hz,lH,H-17); 5.34 (m,lH,H-11) Analcalc for 
C$-&aOs C. 72 19% H, 9 328,O. 18,495, found C, 72.4396, H, 9.15%,0, 18.35% 

Crystal data”) 

C&&,,05, M = 423,6 g/mol, colourless, needle-shaped crystals from ethyl acetate / dnsopropyl ether, 
monochmc, space-group P21, a=9.530(2) A&12 406(l) A,c=21.093(3) A$=102.42(1)0, V=2436(8) A3, 
Z=4. F(OOO)=944, D,=l.l08 g/cm3, ~0.60 mm-l, Nr-fdtred w nuhauon (lambda=1.5418 A). 5108 

unique reflecuons (2 the&=120°, omega/2 theta scan) of which 4463 were observed (F>3 sigma (F) were 
measured on a ENRAF NONUS CAD4 four-crrcle dffmctometer. The data were corrected for Lorentz- and 

polanzatron effects 

The structure was solved by duect methods usmg SHELXS (GM Sheldrrck 111 Crystallographrc Computmg 
3 (G M Sheldnck, c. Kruger and P Goddard, eds ). pp 175-189. Gxford Umversny Press, Oxford (1985) 
Hydrogen atoms were located from dlffemnce Founer maps or included in calculated posmons Refmement 
by the full-matrut least-squares method (GM Sheldnck, SHELX76, Program for Crystal Structure 
Deternunauon, Umversuy of Cambrrdge, 1976) wnh amsotroprc thermal parameters for all non-hydrogen 
atoms converged at R=O 057. R,=O 059 
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The asymmmc mt contatns two crystallographuxlly utde~ndent molecules which adopt nearly identical 
conformations with an RMS devration of 0 23 A for the superposition of all atoms belongmg to rmgs A, C 
and D. The tnatn drffemnce between molecules I and II (see Fig. 1) 1s a u of atoms C6 and C7 in 
molecule I. Occupancy factors for the two altemauve posittons of the two atoms were mfmed to 0.7 and 
0.3 , respecuvely. 
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