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Abstract - The oxidarlm of uulrust-&ene-k,~,l7~-triol 3,I’l-dlacet&a (2) wlfh 
maacetate resulted mainly lo &fregn WItstiM Of tJR C(9)2(10) &Jd t0 
glvc a mlxture of IO+ and 106~retoxy-a -uuaturated 9,lO-seco-at6r0ldal 
ketones (k RJ) as the mlror ccm~ta (b -a yield) and the 
4bacetoxy-*%) 

rear? 
-msaturated 9,10-srco-9-kettle (4) BI ttn? major product In Yad 

61% yield). Unexpectedly, m the s#me substrate (2) ww subjected to VW 
mercuric oxlda - lodln oxldatlm, It underwent predominantly ti-epoxldatlon of 
the oleflnlc double bond to produce the bd,)r-epoxy dcrlvatlvc (5) (In 5s ylrld). 

It Is well known that the oxldatlom In mn-polar solvents of secondary and tertlary strroldnl alcohols 

(In which tha OH group Is directly attached to the polycycllc system) wlth lead tetraacetate’ or with 

hypolodlte-formlng reaqaots (such as Ft1(0Ac)~-I2 and HgD-1212 cm proceed along several dlfferent 

pathways, mainly Irruolvfngz (I) Intramolecular cycllzatlm to tctrahydrofuran-type ethers, (II) oxldatlvF 

6-fraqnentatlon to catinyl-contalnlrq seco-eteroldal products, and (III) conventon to ketones and 

acetata. Which of these compstlng procesnu will pmall depcodr on the posltlm of the hydroxy grog 

and the structural features of the **trace.’ 

As part of our study ancernlnq the structural fsttom which determlnc the cou~sc of the w 

OxtdatiMxI, In this work oxlbtln trsnsformatlorm of the tertiary homoallyllc SteroIdal alcohol, androst-l- 

-ene-M,%,l7&trlol J,l7-dlacetate (2). Induced by lead tetraacetate and mercuric oxide - lodlne, 

respectlvaly, hau3 been Investigated. 

Compound (2) was prepared by aodlun borohydrlde raductlon of 9a-hydroxy-Mdrost-&ene-i,l7-dlona 

(1),5 followed by acetylaticm of the newly formed hydroxy group (Scheme I). 



6202 M. Ll. MIHAIII)YI( (‘I al 

RESULTS AND DISCUSSION 

The lead tetraacetetc oxldatlon of and~t~-~-J~,9*,l7~-trlol ~,17-dlacetste (2) was performed In 

benzene solutlm 4th 3 molar equivalents of I%(DAc)~, In the presence of C&O,, by Irradlatlon wlth a 

hlQl pressure mercury lamp TQ I50 22 at rmm temperature for 2 h (when practically all starting 

materlal W&Y cmsumed). The separation of the reaction products by column chromatography afforded a 

mixture of eplmerlc Iod- and IO&acetoxy_br6-umaturated 9,104eco dsrlvatlves (Jo and 3b) as the mlrPr 

components (In -71( yield), and the 44-acetoxyd(lO) -msaturated 9,lO-seco-9-ketone (4) as the major 

product (In 61% yield) (Scheme 21, while the rest was a complex mixture which was not further 

Irrvcstlgated. 

Pb(OAc&/h) 

befucnc, 2h 

3b: lO#-OAc 
-7s 4 61% 

annplex 
l 

mlxtura 

-30% 

Although VW eplmerlc 10~ and lob-acetoxy derlvatl~ (Ya and n) could not be separated by the 

usual chrometographlc methods, spectral data obtalnd for the mlxture strongly lndlceted the propcned 

structure% Thus, they revealed the presence of a keto-carbonyl fvrtlm (IR absorptlm at 1705 cm 
-I 

and three Ill-resolved multlplets between 2.2-2.5 ppm In the ‘H NM? spectrun usal~le to the C(E) 

and C( I I) protons a to the keto-carbonyl qmup) and an addltlmal acetoxy group (parts of the two close 

sInglet at 2.02 and 2.04 ppm In the 
I 
H NMR spectnxn). On the other hand, elemental mlcroanalysls 

(C25H560,) and spectral properU= of the maln product were coralstent wlth strwture (4). In thls 

compound the conflguratlon at C(l) was deduced from lH NMR data; namely, the coupling constant 

.I&, OHaLB Hz for the H-C(G) doublet appearing at 5.38 ppm Is compatible with a dihedral angle 

of adout 5oo,6 thus ImplyIng the 4-conflguratlm of the acetoxy group. 

Dxldatlon of the same substrate (2) wlth mercuric oxide and Iodine was carried out with a large 

excess of oxldant (about 5 molar equivalents) In chloroform solution, by lrradlatlon wlth a 500 W lamp 

at room temperature for 3 h (I.e. until consumption of the substrate). Unexpectedly, with thls oxidant 

the homoallyllc 9@-alcohol (2) Unarwent mainly u-epoxldatlm of the oleflnic double bond to afford 

the &dJd-epoxy derlvatlve (5) (In 58% yield)’ (Scheme 3). Slmllar results were obtalnd when the 

reaction was performed under nitrogen. 

The structure (5) was deduced from elemental mlcroanalyJls (C2JH,106) and sQcctral data (see 

ExperImental), and conflrmed by comparlsm wlth the compound obtalned by epoxldatlm of androst-h- 

-mc-M,sh, I M-trlol Y, I ‘I-dlacetate (2) with m-chloroperbenzolc acid. 
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From thew results It follows that tfw Iead tctraacctete oxldatlon of alcuM (2) t&es the expected 

C-fragnentatlon COUCW. Namely, due to the abwux of a sttrlcally sMllable &-CH center for lntrs- 

molecular cycllzatlun, the alkoxy radical qeru?teted by homol@s of the RI-0 bond In the prtmarily 

formed lead(W)-alkoxlde lrndcrw preferential cleavage of the C(9)-C(l0) m to qive the stable 

tertlary allylic csM radical (A, Sctwne t). Upon one-electron oxldatlon, the resultlnq mesomcrlc carbo- 

catton (B) can undergo either non-stereospeclfic acetoxylatlon at C(l0) to furnish the eplmerlc mixture 

(Jo + 3bb), or acetoxylstlon at tk W, pctsltltm to prtie the prtdomlntant seco-product (4). 

On the cuntrary, Wxldatlon of the oleflnlc dorrble bond with the I-tqGI2 reuqent ha3 not been 

obserwd as yet. Therefore, In order to get more lnformatlorr cwlceminq the way of oxygen addltlon to 

the A4-dotile bond In alcohol (2) and partlculerly to oxplaln the role of the W-0l-4 group In the o4servhd 

procm (eltJ~ugh, formally, this qrolrp does not pertlclpete In the reaction), a slmiler HqCl-12 oxidath 

was performed with the corrugondlnq 9*-dexrxy anal~, l.c. andrwt-4-ene-Y~l7/1-dlol diecetate (6). 

From the results qlm In Scheme S It can be seen that tM photochemlcally Itied Hc$L12 oxldatlm 

of tha P*-desoxy cow (6) takes place with decreesed effldency In camparlson to the similar 

oxldatlm of the W-OH derlvatlve (21, leaving after 6 h of Irredletlon S?$ of the starttnq msterlel 

uncorrsllmed. Moreover, In the 5&3?soxy sdxtrate (6) a nm-stereospeclflc attack of oxyw at the 

A’-dorrble bond pmckxzes a 4:I mlxture of 4a,%- end 46,S&epoxl~ (7a + Tt3) In rot more than 1s 

yield, the only other lsuleble pm&t belnq testcatemne acetate (a) (formed In !B$ yield), 
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The observed dlffarence In reactlvlty between the Pw-hydroxy derlvatlvr (2) and the 9a-des0xy 

COfVOLsd (6) strmgly Indlcstm that the W-hydroxy group In (2) plays a crucial role In oxygen scfdltlon, 

affecting both ths StereochemIstry and the efflclency of epoxldatlcn of the oleflnlc A‘-dodIe bond In 

compound (2). It could suggest that the formatlon of a loose complex between the HgO-I2 reagent (or 

some other reactlve species derlti from It) and the s&strete molecule with partlclpatlon of the %-OH 
group precedes the reactIon.’ However, on the basis of present evidence It Is not posslble to give a 

detalled mechanlstlc ratlonallzrtlm of 

Further Imestlgatlm Is In progress 

process wlth the Hc#Y-12 comblnatlm. 

the results obtalned. 

in order to elraldate the mechanism of this um~lal apoxldatim 

EXPERIMENTAL9 

M. ps are uncorrected. IR spectra were measured m a Perkln-Elmer Spectrophotometer, Model 537. 

‘H NMR spectra were recorded at SO MHz m a Varlan Spectrometer FT 8& solvent - CDCI,, Internal 

rtsnderd - TMS, rwm temp; chemical shifts are recorded In ppm as 6 values. MUM spectra were cbtslncd 

m a Flmlgan MAT Mass Spectrometer Modal 82YO. Slllca gel of 0.063-0.200 mm slzc was Md for 

preparative column chromatography. Separation of products was mmltored by thin-layer chromatography 

on slllca gel G (Stahl) wlth benzene-ethyl acetate (RY), detection bclng effected with 50% aqueous 

sulfuric acid. Light patmlevn refers to the fractlm bolllq at 00-60° C. 

Preparatlm of androst-4-coe-)n,‘)ql?r3-trlol 5,17-dlecetate (2). - To a stlrred solutlm of W-hydroxy- 

-androst-G-me-J,l7-dione (II5 (5.00 9) I n methanol (100 ml), malntalned at room temperature, sodlwn 

bomhydrlde (3 9) was added portlonwlse. The mixture was stlrred for addItIonal JO mln and then diluted 

with Ice-water, acldlfled wlth lO$ squmus wlfurlc acid and extracted with dlethyl ether-ethyl acetate 

(I:I). The organic layer was washed with water, saturated aq NaHCO, and water, dried over Na2SOo and 

evaporated to drymss mder reduced pressure, to give andrmt-lr-ene-J&3r1,l7&trlol (5.01 9, 99.5%). Thls 

proakt was ecetylated with acetlc enhydride (30 ml) In dry pyrldlne (SO ml) at room temperature for 

I6 h. The mlxture was poured m crashed Ice-water (about IDog) contalnlng COK. HCI (IO ml), with 

vlgomus stlrrlng, the preclpltate filtered off, thomughly w&d wlth water end air-dried, affordlnp 

uxkust-4aa-b,‘k,I7r)-trkrl Y,l74luetate (2) (6.50 g. 9ELDlt), which was recrystallized from acetme 

(3.@4 g, 60.1%). m.p. 159’ C; ldlk”= -1.0’ (c s 1.00, CHCI,). IR(KBr): $,,, = 3510, 1760, 1720, 1250, 

1255, I020 cm-l; ’ H Nha: 6 m 0.02 (J, H,C-Ill), I.20 (J, H,C-191, 2.01 and 2.04 (two 3 AcO-5 and 

AcO-l7), 0.65 (g, HC-17), 5.20 (m, HC-5). 5.68 (broad 5, HC-6). MS: m/l = JYO(M” - 601, 512050 - IS). 

(Foundr C, 70.49; H, 9.05. talc. for C2JH,005 (Y90.52): C, 70.74: H, 8.78%). 
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OxldsUofl of ndmst-4-sn-S&%,lb-tri01 3,174necatate (2) with lead tetrskrtate. - To a oolutlon of 

trlol-diacctate (2) (2.00 g, 5.12 mmol) In snhydrous benzene (200 ml), placed In a quartz cyllndrlc 

Irradlatlm marl, lead tctrauetate (7.47 g, IS.59 mmol l IO% exC& and dry CdCltm C5fbm5te (2 9) 

WC~ sddsd Th v(gor0urly rtlrred mlxture was IrradlsUd at room tmfmrsture with a h&j7 pressure 

mercury ltunp (TQ IS0 I, f-tuuu), cmtalnad In a central water-cooled j&c& Aftar I h the mlxtute 

WAS dllmt! with dtethyl s-r, flltered thmvgh a Cellte mat snd the Irwgnlc saltr thomu#rly w&W 

wlth dlethyl ether. The canblned flltmtes were washed with water, saturated a~. NsHCD3 and water, 

dried over Na2SD4 end evsQor5ted to dryness under reduced Prewure, to +JE 5 mixture bout 2.2 9) 

which w= chmmrtogrrphcd on olllca gel (60 g). Benzene -dlethyl ether (9&Z) eluted first a complex 

mlxture (91 mg), which wm mt further Irwestlgated. The next beruene-dlethyl ether (98~2) snd (97:S) 

elusta cmtalned a mlxture of Y#,lW,l7,4- and L,I~,Ik-trlretoltv-9,lOa~~9~ 

(Sa and Sb) (IS8 mg, 6.911, 011. IR (fllm): 4 msx = 1730, 1704, 1240, IO20 cm-l: lH NM: 8 = I.10 

(5, H3C-181, 2.02 and 2.04 (parts of two 2, AcD-IO), 2.06 (two i, AcO-3 and AcD-171, 2.2 - 2.5 (three 

_m, W-a and ri2C-II), 6.67 (1, HC-17). 5.25 (r~, M-S), 5.50 (broad d, HC-4). 

Elutlon with benzene-dlethyl ether (%:6) afforded MPA,1‘)l-trt~tOxy-9,lO~-rrdmt-S(lO)~- 

-9one (4) (I.39 g, 60.6X), which was recrystalllred from entone-II@ petmlewn (1.05 g, 45-n). 

m.p. 141’ C; PI;‘= +59.6’ (c = 0.50, CHCI,). IR (K&j: 3 = 1742, 1738, 1732, 1705, 1245, 1218, 

1040, 1020 cm-l; lH NWt: 6 
max 

= I.10 (3 H,C-181, I.76 (5, H5C-19). 2.03, 2.06 and 2.09 (three i, AcO-3, 

AcO-6 aruf AcO-171, 2.2 - 2.5 (three m, HC-8 and H2C-II), 4.69 (f HC-171, 4.95 (_d x _d, 1 = 11.2, 

6.8 Hz, M-3). 5.58 (broad _d, J = 6.8 Hz, HC-6). MS: m/z q 5E8(hl*’ - 60). 366 (388 - 62). 528 

(388 - 601, JlO(328 - IE), 286(366 - 60). (Found: C, 67.01: H, 8.28. Calc. for C25HJ607 (468.56): 

C, 66.94; I-4, 8.0%). 

Dlethyl ether eluted a complex unresolvable mlxture (509 mg). 

Oxldntlon of &rost-6-ene-3p,9$171)-lrlol 3,174acetata (2) wlth mercuric oxide - Mine. - A mixture 

of the trlol-dlacetatc (2) (2.16 g, 5.53 mmol), mercuric oxide (5.99 g, 27.65 mmol) md lodlne (7.02 9, 

27.65 mmol) In CCI, (000 ml) was stlrred and irredlated for 5 h wlthout hestIng with a 500 W tufptm 

lamp placed in a central water- and elr-cooled Jacket It was thtn flltered, washed wlth 10% eg. 

Na2S20,, saturated eq. NaHCO3 and water, dried over Na2SD4 and evecoreted In vacua to dryness. The 

residue (2.2 g) w8s recrystallized from acetone - methanol affordlng 4d,Sapoxy-Sr~t-~,~,l7~- 

-trlol S,I7_dlrutate (5) (1.296 g, 57.6%). m.p. 198’ C (from aceton; I.08 g, 48.1%): IelF= l Y1.lo 

(c = 1.00, @ICI,). IR (KBr):$ msx I 3550, 1735, 1250, 1260, 1050, 900 cm -‘; ‘l-4 NMR: 6 = 0.82 (j 

t-$C-Ml), 1.25 (5, H,C-19). 2.03 and 2.08 (two 5, AcD-Y end AcD-171, 2.75 040-C-91, 2.84 (5, HC-41, 

6.65 (g, HC-171, 6.85 (IJ, HC-Y). MS: m/r = J66(M*’ - 601, 328(566 - 181, YlO(326 - 181, 286(366 - 60). 

(Founck C, 67.86: H, 8.50. Calc. for C2iHi6D6 (406.52): C, 67.95: H, 8.6S%). 

Epoxldatlon of androst-4-ene-M,%,lM-trlol J,l7-dlacetate (2). - To a stlrred solution of the dlol-df- 

acetate (2) (IO0 mg) In dtchlommethsne (3 ml) coolsd at 0’ C, m-chloroperberuolc acid (SO mg) In 

dlchloromethene (2 ml) wn added, and the mixture was stlrred at 0 - So C for rnothcr S h It wm then 

diluted wlth ethyl acetate, the organic layer washed with Iti aq. NaHSO,, water, saturated ag. NWCO,, 

water, dried over Ns2SD4 and evaporated In vacua to drynsu to afford rol,Sqn~xy-SU_anaortra- 

Yn,9*,17,3-trlol Y,l7-dlautata (5) (I00 mg, 96.l%), m.p. 198’ C (from acetone) (unbapressed by l tilxture 

wlth the sample obtalncd In the HgD-I 
2 

oxldatlon of 2). IR and ‘H Nh+t spectra were ldcntlcsl to 

those of 5 obtalnd as described above. 

Oxldatlon of androst-6-ene-#,17&diol dketate (6) wlth mercuric oxldc - lodlne. - A mlxture of the 

dlol-dlacetete (6) (1.00 g, 2.67 mmol), mercuric oxlde (2.89 g, 15.X mmol) and lodlne (3.59 g, IXYS 

mmol) In Ccl6 (4Ml ml) was stlrred and lrradlated for 6 h as described above. The usual work+ 

afforded an olly mlxture (1.06 g) which was separated by colunn chromatqrwy on sltlce gel (40 g), 

wlth light petroleum-ethyl acetate (8S:lS). The flnt elwtes gave uvzhanged starting dlol-dlscetste (6) 

(320 mg, YZ.ol), m.p. 107’ C (from acetom-light petmleum) (llt.6 m-p. 10S-107° C). R and ‘H NMR 

spectra were Identical to those recorded on an suthentlc semple. 

Further eluates contalnd 4$Sqxy-W JRl7&Uol dscrtatm (70) (72 mg, 6.9%), 

m.p. 176’ C (from methanol: 54 mg, 5.2%) (IILl’ m.p. 174’ C). IR (K&l: 3 Max = 1738, 1750, 1267, 



1235, IO&7 cm-l; I H NMR: 6 = 0.81 (z, H,C-IO), I.12 (3 H5C-l9), 2.05 md 2.10 (two 3 AcO-3 and 

A&-17), 290 (3 HC-4). h.60 (3 HC-l7), 4.95 (E, HC-5). 

The next fractlom gsn first a mlxtum of au,%- and Ob,M-epoxldes (7a and 7b) (58 m9, 5.6%) In 

a ratio of -2:J (rtlmated frun the lntutsltla of the HC-4 slqtals In the ‘H NM? spectnm obtalnrd 

for this mlxturc), md thtn 4#goxy-k-ardmrtra -34l’lrdd daatata (7b) (51 mg, 6.%), m.p. 

92’ C (from ecetmq 42 mq, 4.OjL), (lit” m.p. 93-95’ C). IR (KBr): 3 = l73& 1730, 1260, 1010, 

1020 cm-‘: ‘H NMQ 6 = 0.81 (3 H$-l8), 1.05 (3 HJC-19), 2.05 and ??I: (Ad-3 and Ac0-17). 

3.18 (_d, HC-4), 6.60 (1, HC-17), 5.15 (m, w-3). 

Fur-r fractlom affordsd trtatcnra mte (0) (160 mg, 18.1%). m.p. 138’ C (frwn acetone- 

-methanol: 121 mp, 13.3) (IlLI m.p. 1370 C). IR (KBr): 1 = 17X1, 1670, 1285, 1060, 1020 cm-‘: 

‘H NMR: 6 = 0.8s (3 H3C-I@, 1.20 (5, HJC-19), 2.05 (5 A?l7), 6.62 (g, Hc-17), 5.73 (t, HC-1). 
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